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It is an exciting time for gastroenterology and hepatology. New drugs have entered
the market and changed the natural course of several diseases (in particular, hepatitis C
and inflammatory bowel disease, IBD), and others are expected in a few years (for example,
nonalcoholic fatty liver disease, NAFLD) [1]. Although the identification of the cause of
most chronic dysimmune diseases is far from the goal, the daily research that is born in
laboratories brings into clinical practice new mechanisms of action and biomarkers useful
for personalizing patient management [2,3].

In the next few lines, we want to summarize the most important breakthroughs in the
field of gastroenterology and hepatology in the last years.

Hepatis C virus (HCV) treatment is the most important revolution of the past eight
years. Before the introduction of direct acting antivirals (DAA), the efficacy and tolerability
of interferon-based regimes was far from satisfactory [4]. In 2014, the FDA approved the
first all-DAA regimen with sofosbuvir/ledipasvir and sofosbuvir/simeprevir after three
clinical trials indicated that DAAs could be administered on their own for HCV genotype
1 treatment with sustained virological response (SVR) rates of 94–99% and significantly
fewer adverse effects [5]. The target to eliminate HCV by 2030 no longer appears to be a
dream, at least in some countries [6]. Currently under development are a number of new
antivirals that target the distinct stages of the HBV life cycle. The goal of these medications,
similar to HCV infection, is to cure the infection completely, rather than only inhibiting it.
The ultimate goal should be infection control (functional cure) or eradication (complete
cure) [7]. Pegylated interferon is the only treatment for chronic hepatitis D (CHD) that has
been suggested by professional societies (but not licensed by Drug Regulatory Agencies);
it has poor efficacy, and valid CHD treatment has remained an unmet medical need [8].
The goal of current therapeutic attempts is to deprive the HDV of the HBsAg functions
that are essential to its life cycle. Three therapy options are currently being tested. Because
the HBsAg enters hepatocytes via the sodium taurocholate cotransporting polypeptide
(NTCP) on the cell membrane, medications that block the NTCP may prevent the HDV
from entering the cells. Because the construction of the HDV virions needs the farnesylation
of the large HD antigen by the host, interference with this cellular process could cause the
viral assembly to be disrupted. Because the HDV must encapsidate in the HBsAg coat
before being released into the bloodstream, nucleic acid polymers (NAPs) that appear to
block the formation of subviral HBsAg particles may prevent the HDV from being released
into the bloodstream [4].

Regarding IBD, unfortunately a specific cause has not yet been discovered and genetic,
environment, immune system, permeability, and microbiome are the main actors described
as the cause [9]. Translational research is the key to the basic research of bedside applications.
Only in the last 5 years have three new mechanisms of action entered the market: anti-
integrin α1β4 with vedolizumab, anti-IL12/23 with ustekinumab, and anti-JAK with
tofacitinib. In the next few years several new drugs are expected: anti-IL23, S1P1 regulators,
and the more selective anti-JAK [10]. Although we are far from definitively healing these
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patients, we can try to significantly improve their quality of life, bringing it closer to that of
people who do not suffer from these diseases.

In gastrointestinal endoscopy, technology advancement is expressing its maximum po-
tential. The application of artificial intelligence, new techniques, such as submucosal dissec-
tion, full thickness resections, and others, are now a reality and we are only at the beginning
of the noninvasive treatment of several diseases that once required surgical resection [11].

In this Special Issue, entitled “Advances in Gastrointestinal and Liver disease: From
Physiological Mechanisms to Clinical Practice” we welcome frontier papers about novelties
in the field of translational research and the clinical management of gastrointestinal and
hepatological diseases.

Several papers have already been published in the Special Issue. The etiology of NALD
is not yet fully understood and there is a lack of noninvasive biomarkers enabling the
differentiation of liver disease severity. Armandi and colleagues conducted a retrospective,
cross-sectional investigation to explore the mechanistic involvement of the myokine irisin
in a population of biopsy-established NAFLD in the absence of severe metabolic diseases
(obesity and type 2 diabetes mellitus) [12]. They discovered that people with severe fibrosis
had considerably greater irisin levels. They also discovered a link between circulating irisin
and the new collagen remodeling markers PRO-C3 and PRO-C6. The findings point to a
synergistic link between irisin and liver fibrogenesis, the hepatic response to inflammatory
damage. This supports the idea that irisin is a marker for a more severe phenotype of liver
disease, as evidenced by the higher irisin levels found in those with advanced fibrosis.
Still, regarding NAFLD, according to research by Gidaro et al., patients with NAFLD
have higher levels of C-reactive protein, fibrinogen, PAI-1, von Willebrand factors, and
F VII, all of which are linked to an increased risk of thrombosis [13]. Despite having
been overtaken by NAFLD in the developed world, HBV infection is a serious health
concern [14]. The findings of Caviglia et al. demonstrated that measuring baseline serum
HBsAg and the extent to which HBsAg dropped throughout therapy with third-generation
nucleot(s)ide analogs can help select chronic HBV patients who are more likely to achieve
functional cure [15].

IBD in children is becoming more common around the world and the onset age is
getting younger [16], as a consequence, innovative medicinal strategies are essential. The
first study on vedolizumab treatment in children with very early onset IBD was published
by Fabiszewska et al., and it demonstrated the safety and effectiveness of this anti-integrin
agent in the studied group: a clinical response after induction therapy with three doses of
vedolizumab was observed in more than 40% of patients [17].

Neuroendocrine tumors (NETs) are diverse malignancies that emerge from systemic
endocrine and nerve cells and have a wide range of pathological and clinical features. Their
prevalence has been rising [18]. Lymph node metastases can be surgically removed, which
can improve prognosis; however, other metastases, which are generally not suggested for
surgery, are difficult to remove, underscoring the importance of preoperative diagnosis. In
the study of Kohno et al., according to the 2019 WHO classification, factors connected to
gastroenteropancreatic-NET metastases were studied. Tumor grade and vascular invasion
were revealed to be the most relevant factors. Venous invasion was found to be more
strongly associated with metastasis than lymphatic invasion, suggesting that pathological
investigation of lymphatic invasion may be difficult.

As the Guest Editors, we are looking forward for other original studies and accom-
plished reviews regarding recent innovation in gastroenterology and hepatology.

Funding: This paper received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Aim: The aim of the present study is to investigate the effect of long-term zinc supplemen-
tation, which is important for the activation of various enzymes that contribute to antioxidant and
antifibrotic activities, on the improvement of serum fibrotic markers in patients with autoimmune
hepatitis (AIH). Methods: A total of 38 patients with AIH under regular treatment at our hospital
who provided their consent for being treated with polaprezinc (75 mg twice daily) were included
and classified into 2 groups: the patients with zinc elevation (n = 27) and the patients without zinc
elevation (n = 11). Serum biomarker of fibrosis, protein expression levels of matrix metalloproteinases
(MMPs), and their inhibitors (TIMPs) were evaluated. Results: A significant difference was found
between the variability of serum procollagen type III and collagen type IV-7S between the 2 groups
before and after zinc administration for more than 24 months (p = 0.043 and p = 0.049). In the patients
with zinc elevation, no significant changes were found in collagenase (MMP-1 and MMP-13) before
and after zinc administration, whereas a significant increase in the expression of gelatinase (MMP-2
and MMP-9) was found after administration (p = 0.021 and p = 0.005). As for the relative ratio of
MMPs to TIMPs, only MMP-9 to TIMP-1 showed a significant increase (p = 0.004). Conclusions:
Long-term treatment with polaprezinc has been demonstrated to safely improve serum fibrosis
indices through increases in MMP-2/-9 and MMP-9/TIMP-1 and is expected to be well combined
with direct antifibrotic therapies such as molecularly targeted agents.

Keywords: autoimmune hepatitis; liver fibrosis; matrix metalloproteinase; serum zinc

1. Introduction

An increasing trend of prevalence of autoimmune hepatitis (AIH) was found accord-
ing to the nationwide epidemiologic survey [1]. However, the etiology of AIH still remains
largely unknown, and no therapeutic agents that can “cure” this disease have been devel-
oped [2]. For a tentative treatment, as indicated in the current clinical practice guidelines
of the European Association for the Study of the Liver and the American Association
for the Study of Liver Diseases, corticosteroid is definitely the first-line treatment and
is recommended for a patient with AIH [3,4]. Although in a multi-center prospective
cohort study, Yoshizawa et al. reported that long-term outcomes of patients with AIH were
comparable with those of the general population; almost all of the patients were intensively
treated with prednisolone [5]. Long-term use of prednisolone has been widely known to be
associated with various kinds of adverse effects with a high occurrence ratio including the
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increased susceptibility to infection such as Pneumocystis jirovecii and coronavirus disease
2019 [6–8].

In such a situation, clinicians sometimes encounter a case of AIH whose transami-
nase level remains within the normal limit, but its histological finding reveals mild active
hepatitis. Dhaliwal et al. [9] reported that patients with AIH were supposed to have a
relatively poor prognosis. Similar to other kinds of chronic liver disease such as nonalco-
holic steatohepatitis and viral hepatitis [10,11], the progression of fibrosis is an important
factor to predict the long-term prognosis in patients with chronic liver disease, including
AIH [12–14]. In this point, keeping the pathological activity of AIH as quiet as possible and
inhibiting its fibrosis as definitely as possible are the most important actions for patients
with AIH to reach good prognosis.

Next to iron, zinc is the second largest mineral element stored in the human body and
has a pivotal role as a micronutrient for antioxidant, antiinflammatory, and antiapoptotic
effects [15,16]. Zinc also plays an important role as a cofactor of some enzymes involved in
collagen synthesis [17,18]. Collagenase is a zinc metalloenzyme and zinc deficiency causes
a decline in the activity of collagenase that results in liver fibrosis [19]. Zhou et al. reported
that zinc has cytoprotective activities that protect hepatocytes from oxidative stress. In an
animal model, zinc deficiency enhanced sensitivity to drug-induced hepatotoxicity and zinc
supplementation suppressed the collagen synthesis in hepatic stellate cells (HSCs) [20,21].
Polaprezinc, composed of elemental zinc and L-carnosine, is known to have an effect
of tissue repair, active oxygen removal, and anti-inflammatory properties, and has been
available in clinical use for peptic ulcer in Japan. This prospective clinical study aimed to
elucidate the inhibitory effect of polaprezinc on the progression of fibrosis in patients with
AIH non-invasively through molecular mechanisms. To the end, we evaluated the changes
of serum fibrosis indices before and after the zinc administration.

2. Methods
2.1. Patients

Of the 79 patients with histologically diagnosed AIH based on the revised diagnostic
scoring system of the International Autoimmune Hepatitis Group (IAIHG) in 1999 and
continuous treatment at the Nara Medical University Hospital, 49 patients were enrolled in
this prospective study between September 2015 and March 2017 with written informed
consent from each individual. The inclusion criteria were as follows: (i) patients who have
successfully achieved clinical remission of AIH (in which serum levels of transaminase
continuously stayed within normal limits for at least six months), and (ii) with continuous
administration of polaprezinc for over two years. The exclusion criteria were as follows: (i)
positive for hepatitis C virus (HCV), hepatitis B virus (HBV), and/or human immunodefi-
ciency virus (HIV); (ii) with some liver disease; (iii) under the administration of hepatotoxic
drugs; and (iv) with decompensated cirrhosis, severe cytopenia, renal failure, heart failure,
and pregnant or lactating women. For zinc administration, polaprezinc (75 mg twice
daily) was prescribed to study participants. In addition, we excluded 11 patients who
took polaprezinc for <24 months after the study enrollment. All of them discontinued
polaprezinc within a year (mean ± standard deviation (SD), 4.9 ± 3.6 months) because
of their intentions without any serious reason or discontinuation of medical maintenance
owing to reasons such as moving (Supplementary Table S1). A patient quit polaprezinc
because of his mild diarrhea, but he quickly recovered after that. Finally, the remaining
38 patients who successfully took polaprezinc for >24 months were divided into two
groups: the patients with zinc elevation and the patients without zinc elevation (Figure 1).
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Figure 1. Patient flowchart. A total of 49 patients with AIH were initially included in analysis, 11 of whom were excluded
because they withdrew polaprezinc intake within 12 months; 38 patients treated with polaprezinc for >24 months were
enrolled and were divided into two groups based on serum zinc level and its increase rate.

The patients with zinc elevation (n = 27) were those whose serum zinc level at
12 months after the beginning of administration was >80 µg/dL (the normal lower limit
in Japan) and was also increased to >5% during this period. The patients without zinc
elevation (n = 11) were those whose serum zinc level after the supplementation was either
≤80 µg/dL or increased to ≤5% during this period.

2.2. Laboratory Assessments

All patients underwent a routine laboratory assessment in the hospital, which in-
cluded complete blood count, a general biochemistry test, and coagulation test. Serum
levels of procollagen type III, type IV collagen 7S, and hyaluronic acid were measured
by external clinical examination facilities with chemiluminescent immunoassay, chemi-
luminescent enzyme immunoassay, and latex immunoagglutination assay, respectively.
Serum levels of human matrix metalloproteinase-1 (MMP-1), metalloproteinase-2 (MMP-2),
metalloproteinase-9 (MMP-9), and metalloproteinase-13 (MMP-13) were measured using
the following enzyme-linked immunosorbent assay (ELISA) kits: human MMP-1 ELISA kit
#ELH-MMP1 (RayBio®, Norcross, GA, USA), human MMP-2 ELISA kit #KE00077, human
MMP-9 ELISA kit #KE00164, and human MMP-13 ELISA kit #KE00078 (Proteintech®,
Rosemont, IL, USA). Serum levels of the inhibitor of MMPs, TIMP-1, and TIMP-2 were
measured using the following ELISA kits according to the manufacturer’s instructions: hu-
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man TIMP-1 ELISA kit #DTM100 and human TIMP-2 ELISA kit #DTM200 (R&D Systems®,
Minneapolis, MN, USA).

2.3. Histological Assessments

The biopsy samples were stained using hematoxylin/eosin and Azan methods. Liver
fibrosis was staged based on the METAVIR score (F0, no fibrosis; F1, portal fibrosis without
septa; F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis; F4, cirrhosis).
F0 to F2 was considered as non-fibrosis to mild fibrosis, whereas F3 to F4 was considered
as advanced fibrosis.

2.4. Statistical Analyses and Ethical Issues

The numerical variables were expressed as mean ± SD. The chi-square test, Mann-
Whitney U test, and Wilcoxon signed-rank test were used to compare patient characteristics
between the groups. Correlation was assessed by using Spearman’s rank correlation
coefficients. p < 0.05 was considered statistically significant. JMP version 14.3 software
(SAS Institute Inc., Cary, NC, USA) was used for statistical analyses.

This study was approved by the Ethics Committee of the Nara Medical University
Hospital (approval #15-003) and was conducted according to the ethical principles in
the Japanese ethical guidelines for epidemiologic research (https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/hokabunya/kenkyujigyou/i-kenkyu/index.html (accessed on 1
December 2020)). This study was conducted according to the Declaration of Helsinki. This
study protocol was registered as a clinical trial (UMIN000022959, https://upload.umin.
ac.jp/ (accessed on 13 June 2016)), and a written informed consent was obtained from
all patients.

3. Results

The clinical profiles of patients in each group before starting zinc supplementation are
presented in Table 1. No significant differences were found in age, sex, body weights, and
the degree of hepatic fibrosis. There were no significant differences in the basal serum levels
of zinc, procollagen III and collagen IV-7S. All study participants were well treated with
ursodeoxycholic acids and/or prednisolone, and their transaminase levels were within the
normal range. Although the hepatitis activities of patients in both groups were modest,
their serum zinc levels seemed to be insufficient.

Before zinc supplementation, serum albumin levels, which generally predict the
overall survival of patients with liver diseases [22], correlated with serum zinc levels of
patients with AIH in this study (p < 0.05) (Figure 2A). Serum zinc levels also inversely
correlated with some liver fibrotic markers, such as serum procollagen type III, collagen
type IV-7S, and hyaluronic acid (p < 0.05) (Figure 2B–D, respectively).
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Table 1. Clinical profiles of patients with autoimmune hepatitis before zinc supplementation.

Patients with
Zinc Elevation

Patients without
Zinc Elevation p

(n = 27) (n = 11)

Age (years) 65.0 ± 11.0 69.2 ± 13.9 0.38

Sex 1.00
Male 7.4 % (2) 9.1 % (1)
Female 92.6 % (25) 90.9 % (10)

Body Weights (kg) 54.0 ± 9.8 53.0 ± 10.1 0.79

Body Mass Index (kg/m2) 23.0 ± 3.8 23.5 ± 4.2 0.74

Fibrosis 0.81
F0 3.7 % (1) 0.0 % (0)
F1 44.4 % (12) 54.5 % (6)
F2 29.6 % (8) 27.3 % (3)
F3 14.8 % (4) 9.1 % (1)
F4 (Liver Cirrhosis) 7.4 % (2) 9.1 % (1)

AIH type 1 100 % (27) 100.0 % (11) 1.00

AIH type 2 0 % (0) 0.0 % (0) 1.00

Morbidity periods (years) 4 ± 3.4 5.3 ± 3.1 0.30

Blood test
Zinc (µg/dL) 70.8 ± 10.9 74.4 ± 13.0 0.44
AST (U/L) 24.6 ± 9.2 29.4 ± 13.6 0.31
ALT (U/L) 18.1 ± 10.1 20.3 ± 9.5 0.54
ALP (U/L) 233 ± 100 308 ± 152 0.15
gamma GT (U/L) 38.9 ± 61.2 69.5 ± 109 0.40
Total bilirubin (mg/dL) 0.79 ± 0.45 0.85 ± 0.29 0.65
Albumin (g/dL) 4.16 ± 0.26 4.11 ± 0.27 0.59
HDL-cholesterol (mg/dL) 67.6 ± 22.1 71.3 ± 19.5 0.61
Ferritin (ng/mL) 84.4 ± 95.6 97.7 ± 77.1 0.66
Copper (µg/dL) 121.8 ± 27.7 130.3 ± 23.1 0.38
IgG (mg/dL) 1389 ± 327 1495 ± 488 0.52
Hyaluronic acid (ng/mL) 92.2 ± 78.2 168 ± 187 0.25
Pro-collagen type III (ng/mL) 0.65 ± 0.30 0.55 ± 0.17 0.25
Type IV collagen 7S (ng/mL) 5.45 ± 3.13 4.09 ± 1.24 0.08
Platelets (/µL) 19.6 ± 5.7 18.9 ± 5.4 0.72
Prothrombin time (%) 95.4 ± 19.7 96.6 ± 16.6 0.84

Treatments
PSL populations (%) 51.9 % (14) 36.4 % (4) 0.48
PSL dose (mg) 5.8 ± 1.8 6.3 ± 1.9 0.48
UDCA populations (%) 88.9 % (24) 90.9 % (10) 1.00
UDCA dose (mg) 600 ± 177 630 ± 95 0.53
Azathioprine populations (%) 11.0 % (3) 9.1 % (1) 0.85
Azathioprine dose (mg) 100 ± 0 100 ± 0 1.00
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Serum zinc concentration was increased to >50% at 12 or 24 months after continu-
ous zinc supplementation in the patients with zinc elevation (before, 70.8 ± 10.9 µg/dL;
12 months, 109.9 ± 35.5 µg/dL (p < 0.001); 24 months, 105.1 ± 38.0 µg/dL (p < 0.001))
(Table 2). The serum ferritin levels (before, 84.4 ± 95.6 ng/mL; 12 months, 56.8 ± 50.8 ng/mL
(p = 0.19); 24 months, 54.3 ± 42.0 ng/mL (p = 0.20)) in the patients with zinc elevation
and their serum copper levels (before, 121.8 ± 27.7 µg/dL; 12 months, 107.8 ± 17.7 µg/dL
(p = 0.34) 24 months, 113.8 ± 20.6 µg/dL (p = 0.25)) were not affected and no clinical adverse
event such as anemia and neuropathy was observed in this study (Table 2). Although there
was no change in the transaminase levels during the entire observation period, the serum
levels of procollagen type III and collagen type IV-7S indicated a tendency to decrease at
12 months after zinc supplementation (p = 0.06 and p = 0.07, respectively). In contrast, in
the patients without zinc elevation, serum zinc concentration continuously remained at
the baseline level through the course, although their transaminase and the other biliary
enzyme levels never changed (Supplementary Table S2). To our surprise, the levels of
serum procollagen type III and collagen type IV-7S indicated a gradient increase, but there
was no significance because of the small number of cases.
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Table 2. Clinical parameters of the patients with zinc elevation before and after zinc supplementation.

Patients with Zinc
Elevation (n = 27)

Before After 12 Months After 24 Months

Mean SD Mean SD p Mean SD p

Zinc (µg/dL) 70.8 ± 10.9 109.9 ± 35.5 <0.001 105.1 ± 38.0 <0.001
AST (U/L) 24.6 ± 9.2 24.4 ± 11.1 0.93 27.2 ± 17.8 0.51
ALT (U/L) 18.1 ± 10.1 17.0 ± 9.3 0.67 19.0 ± 13.4 0.79
ALP (U/L) 232.8 ± 100.0 275.2 ± 279.8 0.46 242.8 ± 86.4 0.70

Gamma GT (U/L) 38.9 ± 61.2 52.4 ± 140.5 0.65 32.3 ± 42.0 0.65
Total bilirubin

(mg/dL) 0.79 ± 0.45 0.78 ± 0.42 0.93 0.81 ± 0.47 0.88

Albumin (g/dL) 4.16 ± 0.26 4.22 ± 0.23 0.41 4.21 ± 0.18 0.48
HDL-cholesterol

(mg/dL) 67.6 ± 22.1 64.8 ± 19.0 0.63 67.9 ± 19.9 0.95

Ferritin (ng/mL) 84.4 ± 95.6 56.8 ± 50.8 0.19 54.3 ± 42.0 0.20
Copper (µg/dL) 121.8 ± 27.7 107.8 ± 17.7 0.34 113.8 ± 20.6 0.25

IgG (mg/dL) 1388.7 ± 327.3 1359.3 ± 279.5 0.72 1351.8 ± 351.7 0.71
Hyaluronic acid

(ng/mL) 92.2 ± 78.2 65.3 ± 53.8 0.16 91.1 ± 73.3 0.97

Pro-collagen type III
(ng/mL) 0.65 ± 0.30 0.52 ± 0.16 0.06 0.49 ± 0.15 0.06

Type IV collagen 7S
(ng/mL) 5.45 ± 3.13 4.12 ± 1.68 0.07 4.30 ± 1.23 0.15

Platelets (/µL) 19.6 ± 5.7 20.4 ± 5.7 0.61 20.8 ± 5.8 0.45
Prothrombin time (%) 95.4 ± 19.7 98.7 ± 13.4 0.47 95.1 ± 13.9 0.96

Based on these findings, we compared the changes of procollagen type III level in
the patients with zinc elevation and the patients without zinc elevation at 12 months
and 24 months after zinc supplementation. There were significant differences between
the patients with zinc elevation and the patients without zinc elevation in terms of the
difference in serum procollagen III level at 24 months after zinc supplementation (p = 0.043)
(Figure 3A). Moreover, in terms of serum collagen type IV-7S level, significant differences
between the patients with zinc elevation and the patients without zinc elevation were also
found at 12 months and 24 months after zinc supplementation (p = 0.050 and p = 0.049,
respectively) (Figure 3B).

Finally, we also investigated the protein levels of serum collagenase (MMP-1 and
MMP-13), gelatinase A (MMP-2), and gelatinase B (MMP-9). In addition, the serum levels
of the inhibitor of MMPs, such as TIMP-1 and TIMP-2, were also examined. In the patients
with zinc elevation, the levels of these gelatinases were significantly increased after zinc
supplementation for >24 months, whereas those of collagenase were not (Figure 4A). The
serum level of TIMP-2 was significantly augmented after zinc supplementation, but no
significant change was found in TIMP-1 level (Figure 4B). In terms of the ratio of each MMP
and its related inhibitor, MMP-9/TIMP-1 was significantly up-regulated. However, there
were no significant changes in other ratios, such as MMP-1/TIMP-1, MMP-13/TIMP-1,
and MMP-2/TIMP-2 (Figure 4C).
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elevation. (A) Longitudinal changes of serum collagenases level (MMP-1 and MMP-13) and gelatinase level (MMP-2 and
MMP-9). (B) Longitudinal changes of serum inhibitor of MMP (TIMP-1 and TIMP-2). (C) Relative ratios of each MMP and
its inhibitor.

4. Discussion

Therapeutic strategies for liver fibrosis include indirect approaches such as the use
of nucleic acid analogs and direct-acting antiviral agents, which are first and foremost
aimed at eliminating disease factors. In contrast, recent experiments using cell lineage
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tracing technology and reporter mice have shown that HSCs play a much larger role in
collagen production than myeloid cells and myofibroblasts, regardless of the type of liver
fibrosis [23–25]. Therefore, in recent years, direct antifibrotic drugs, such as molecularly
targeted drugs, small-molecule compounds, antibody drugs, and nucleic acid drugs, have
been developed, many of which exert their antifibrotic effects by acting on molecular
mechanisms closely related to liver fibrosis, such as inhibition of HSC activation [26–28],
inhibition of the response cascade after HSC activation [29,30], or induction of apoptosis
of activated HSC [31–37]. These include research and development targeting intrinsic
interferons [34,35], but zinc was recently reported to specifically inhibit proinflammatory
cytokines and IFNλ3 signaling to improve fibrosis [38]. In their study, Read et al. found
that elevated zinc levels in liver tissue induced metallothionein expression and suppressed
IFNλ3 expression, resulting in the attenuation of gene expression of interferon-stimulated
genes and inflammatory cytokines, thereby suppressing antiviral activity and its immune
response and ultimately negatively regulating liver fibrosis.

Zinc is essential for the maintenance of life activities and is an essential trace element,
although its content in the body is only 2–3 g [39]. The fact that 10% of proteins encoded
in the human genome contain a zinc-binding motif means that a very large number of
proteins bind to zinc [40], which suggests the importance of zinc’s signaling function inside
and outside the cell [41]. In fact, there have been several reports of improvement in liver
function with the administration of zinc products, mainly in patients with chronic hepatitis
C and cirrhosis [42–46]. Regarding the association between serum zinc concentrations
and long-term prognosis in patients with chronic liver disease, in a multicenter, long-term
observational study of cirrhotic patients (mean follow-up period, 3 years), Shigefuku et al.
found that low serum zinc concentrations (<55 µg/dL) at enrollment were an independent
risk factor for liver carcinogenesis [47].

Liver fibrosis is a common pathological process characterized by an accumulation of
the extracellular matrix (ECM), which is a kind of tissue remodeling triggered by a conse-
quence of an imbalance between the enhanced ECM synthesis and reduced degradation
of connective tissue proteins reflecting the dysregulation of several pathways, including
MMPs and tissue inhibitors of MMPs (TIMPs) [48]. MMPs are a large family of zinc-
dependent enzymes that degrade the components of ECM [49], whereas TIMPs are specific
endogenous inhibitors that bind to MMPs and block them from ECM components. The
most potent MMPs are collagenases such as MMP-1, MMP-8, and MMP-13 [50], and the
activity of MMPs is highly regulated by the level of gene expression, activation of latent
pro-MMPs to active enzymes [51], and TIMPs that form stable, noncovalent complexes
with active MMPs [52].

Furthermore, MMPs are known as representative zinc-containing enzymes, and there
are strong expectations regarding the effect of zinc preparations on fibrinolysis. The inhi-
bition of hepatic fibrosis by zinc administration would be based on its effects of MMPs
involved in collagen synthesis and degradation and its ability to control the function of
procollagen and collagen-producing hepatic stellate cells by inhibiting oxidative stress,
inflammation, and apoptosis in the liver. Apart from research reagents, the available
zinc-containing preparations are currently limited to zinc acetate and polaprezinc. Al-
though there have been some reports on the sedative or prognostic effects of continuous
administration of these products [42–46], studies on their effects on the inhibition of hepatic
fibrosis have been limited to basic studies, mainly in rodents [53–55], and there have been
few reports on the changes in the expression of MMPs or TIMPs in particular. In this
regard, in a small but prospective pilot study in a small number of patients with highly
advanced chronic liver disease, Takahashi et al. [56] found no significant change in MMPs
but a significant decrease in TIMP-1 after polaprezinc administration, suggesting that the
decrease in TIMP-1 might be important in the improvement of fibrosis. In contrast, our
results indicated a significant increase in MMP-2 and MMP-9 after polaprezinc treatment.
In addition, TIMP-2 showed a significant increase after zinc administration, whereas TIMP-
1 did not change with significance. Subsequently, MMP-9/TIMP-1 was also significantly
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increased, whereas MMP-2/TIMP-2 was not affected. Based on these results, not only
the increase in MMPs but also the increase in MMP-9/TIMP-1 can be responsible for the
improvement of fibrosis. The reason for the significant increase in MMP-2 and MMP-9
after zinc administration in our study is that the disease activity of AIH has already been
in clinical remission by corticosteroids and or ursodeoxycholic acid, and the transaminases
of the subject patients remained within the normal range during the entire observation
period. In this aspect, during the maintenance of remission, MMPs were relatively lower
(closer to those of healthy individuals) than during the active phase of the disease, which
may facilitate confirmation of the increase in MMPs after zinc administration, which may
be a major difference between our study and the other previous studies, which were con-
ducted in patients with viral active hepatitis or liver cirrhosis and in animal models with
drug-induced liver injury.

In a family of MMPs, Latronico et al. [57] reported that serum production levels of
MMP-2 and MMP-9 were definitely higher than the other MMPs such as MMP-1, MMP-3,
MMP-8, and MMP-10, and their levels significantly increased in patients with hepatitis
compared with healthy subjects. In that study, serum TIMP-1 levels were correlated with
liver stiffness, which reflected the degree of fibrosis, and the result was compatible with
the other previous report [58]. Giannelli G et al. [59] reported that the ratio of serum
MMP-2/TIMP-2 was definitely lower in cirrhotic patients than healthy subjects, whereas
serum MMP-2 levels in cirrhotic patients were similar to those of healthy subjects. In
contrast, Watanabe et al. [60] reported that serum MMP-2 levels increased in parallel with
the progression of chronic liver disease, and there was a positive correlation between the
collagen type IV and MMP-2 levels. Subsequently, an imbalance between MMP-2 and the
TIMP-2 might be also responsible for the degradation of ECM components (Figure 5A). In
terms of the increase of TIMP-2 after zinc administration in our study, we believe that this is
probably an equilibrium response (positive feedback) associated with an increased level of
MMP-2, which has a binding affinity with TIMP-2. That is, even though both MMP-2 and
TIMP-2 were increased after zinc administration, if MMP-2/TIMP-2 was not decreased, it
would be acceptable that the vector in the direction of fibrosis was pointing to amelioration
(Figure 5B).

Regarding the safety of zinc preparations, the permissible maximum dose of oral zinc
intake for a short period was reported to be approximately 170 mg per day in healthy adult
subjects, and this was almost equivalent to 10 times volume of the average intake. In this
study, patients took 150 mg of polaprezinc (containing 34 mg of elemental zinc) every day.
In contrast, there have been reports of copper deficiency with the long-term administration
of polaprezinc and zinc acetate [61–63], as well as reports that caution should be exercised
when using zinc acetate rather than polaprezinc [64]. In this study involving polaprezinc,
there were no cases of serum copper below baseline levels and no adverse physical findings,
such as anemia or neurological symptoms, were observed, including in preexcluded
subjects because of their insufficiency of taking polaprezinc. According to the medical
guidelines on zinc deficiency [65], many cases of serum copper levels of <10 µg/dL and
serum zinc levels of 190–250 µg/dL at the onset of copper deficiency were common; hence,
copper deficiency should be noted when serum copper levels are 20–30 µg/dL and serum
zinc levels are >200 µg/dL. In addition, although rare, zinc administration can cause
inhibition of iron absorption in the intestinal tract, leading to iron deficiency, and therefore,
iron deficiency should be noted in the same way as copper [66].
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This study has some limitations: (1) a relatively small number of patients were enrolled
in this single-center study, (2) tissue sampling by liver biopsy after zinc administration is
not sufficiently available and is poorly supported by histopathology, (3) there are relatively
few cases of advanced fibrosis, and (4) the study was limited to Japanese patients with
AIH, who are generally considered to have a good prednisolone response. Certainly,
notwithstanding these limitations, it is significant that our results demonstrate that long-
term continuous treatment with zinc preparations for >2 years improves fibrotic markers
through increases in MMPs and MMP/TIMPs and that it is safe. Azathioprine, which,
along with prednisolone, is the first-line drug for AIH, has a chelating effect that binds
metals, and is excreted in the urine after binding to zinc in the body. Considering the
metabolism of azathioprine, the possibility of zinc deficiency owing to increased urinary
zinc excretion in long-term treatment cannot be ruled out. In this context, it may be
worthwhile to use zinc in combination with AIH treatment.

In conclusion, long-term zinc administration for AIH could be a safe and effective
antifibrotic treatment. In addition, a zinc acetate preparation with a higher zinc content than
polaprezinc has recently been approved for insurance use in Japan, and it is expected to be
combined with direct antifibrotic drugs such as molecularly targeted drugs, small-molecule
compounds, antibody drugs, and nucleic acid drugs that are currently being developed.
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Abstract: Amyloid-beta (Aβ) deposition in the brain is the main pathological hallmark of Alzheimer
disease. Peripheral clearance of Aβ may possibly also lower brain levels. Recent evidence suggested
that hepatic clearance of Aβ42 is impaired in liver cirrhosis. To further test this hypothesis, serum
Aβ42 was measured by ELISA in portal venous serum (PVS), systemic venous serum (SVS), and hep-
atic venous serum (HVS) of 20 patients with liver cirrhosis. Mean Aβ42 level was 24.7 ± 20.4 pg/mL
in PVS, 21.2 ± 16.7 pg/mL in HVS, and 19.2 ± 11.7 pg/mL in SVS. Similar levels in the three blood
compartments suggested that the cirrhotic liver does not clear Aβ42. Aβ42 was neither associated
with the model of end-stage liver disease score nor the Child–Pugh score. Patients with abnormal
creatinine or bilirubin levels or prolonged prothrombin time did not display higher Aβ42 levels.
Patients with massive ascites and patients with large varices had serum Aβ42 levels similar to
patients without these complications. Serum Aβ42 was negatively associated with connective tissue
growth factor levels (r = −0.580, p = 0.007) and a protective role of Aβ42 in fibrogenesis was already
described. Diabetic patients with liver cirrhosis had higher Aβ42 levels (p = 0.069 for PVS, p = 0.047
for HVS and p = 0.181 for SVS), which is in accordance with previous reports. Present analysis
showed that the cirrhotic liver does not eliminate Aβ42. Further studies are needed to explore the
association of liver cirrhosis, Aβ42 levels, and cognitive dysfunction.

Keywords: portal vein; MELD score; bilirubin; ascites; hepatic clearance; liver cirrhosis

1. Introduction

Amyloid-beta (Aβ) peptides of variable length are produced by proteolysis of amyloid
precursor protein (APP). The two most common isoforms of Aβ are 40 and 42 amino acid
peptides [1]. Cerebral accumulation of these Aβ peptides is a characteristic feature of
Alzheimer disease [2]. Cell surface Low Density Lipoprotein Receptor-related Protein 1
(LRP1) and soluble LRP1 enhance the clearance of brain and circulating Aβ. In brain, LRP1
is involved in the transport of Aβ across the blood–brain barrier. LRP1 also mediates
APP internalization and processing, and thereby contributes to Aβ generation [3]. LRP1
downregulation in brain microvessels of Alzheimer patients correlated with Aβ deposition
in the brain [4]. To clarify the in vivo effect of LRP1 on Aβ production/clearance, mice
expressing a mutant LRP1 protein, with impaired endocytosis and transcytosis activity,
were crossed with a mouse model for Alzheimer disease (which were transgenic mice
expressing mutant human APP with both the Swedish (K670N/M671L) and London
(V717I) mutations) [3]. Mutant LRP1 finally led to reduced Aβ levels in cerebrospinal fluid
and brain interstitial fluid and lower plaque burden [3]. This study provided evidence for
a more prominent role of LRP1 in Aβ synthesis than degradation [3].
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Recent evidence showed that the kidney, the skin, the gastrointestinal tract, and the
liver contribute to peripheral Aβ clearance [5]. Aβ was detected in urine of humans, mice,
and rabbits [6]. In a mouse model for Alzheimer disease (APP/Presenilin 1 mice expressing
human mutant presenilin 1 and a chimeric mouse/human amyloid precursor protein
(Mo/HuAPP695swe)) unilateral nephrectomy increased plasma and brain Aβ deposition
and reduced Aβ in urine [6]. Whereas the molecules involved in renal clearance of Aβ

have not been defined yet, hepatocytes express LRP1, which mediates Aβ uptake. Rat
hepatocytes were shown to degradate these peptides or to excrete Aβ into the bile [7].
Detection of Aβ deposits in the human skin and intestine suggested that these tissues also
contribute to peripheral clearance [8]. The exact pathways involved are still unknown [7].
Peripheral monocytes and tissue-resident macrophages eliminate Aβ peptides. Thus,
tissue-resident macrophages may contribute to Aβ elimination not only in the skin and
small intestine but also in tissues such as the liver [7]. Uptake and degradation of Aβ

peptides by peripheral blood monocytes was, indeed, impaired in Alzheimer disease
patients and this may also apply for tissue-resident phagocytes [9].

A separate study showed that Aβ levels in axillary lymph nodes of Alzheimer trans-
genic mice were as high as its brain concentrations and assumed that brain-derived Aβ40
and Aβ42 are cleared by lymphoid tissues. The mice used in this study expressed a human
isoform of APP with the Swedish mutation, which causes high levels of Aβ and early onset
of Alzheimer disease. Interestingly, Aβ40 and Aβ42 levels in the liver and kidney of these
mice were hardly detectable [10].

Hepatic catabolism of Aβ42 was demonstrated in mice, and about 60% of the radio-
labeled Aβ peptides accumulated in the liver [11]. Aβ42 protein levels were reduced in
human and rodent cirrhotic liver tissues, and plasma Aβ42 levels were high in patients
with liver cirrhosis. This may argue for a role of the liver in peptide clearing but may also
mean that hepatic release of Aβ peptides is increased in cirrhosis [12,13]. Plasma Aβ42
positively correlated with bilirubin and aspartate aminotransferase (AST) levels and was
negatively correlated with albumin, indicating an association between liver function and
systemic levels of Aβ42 [12].

Impaired hepatic removal of blood Aβ42 can explain high plasma Aβ42 levels in
patients with liver cirrhosis [12]. This may also contribute to low Aβ levels in the cirrhotic
liver [12,13]. In the healthy human liver V-PLEX® analysis detected 2.5–7.5 pg/mL Aβ42
levels, which declined about 10 fold in the cirrhotic liver [13]. Of note, hepatic Aβ protein
was also low in Alzheimer disease. Aβ42 protein analyzed by ELISA in postmortem liver
lysates of controls was 6.4–20.6 ng/g and was as low as 0–2.6 ng/g in the liver of patients
with Alzheimer disease [14]. Studies on systemic Aβ42 levels in patients with Alzheimer
disease have had mixed results [15]. Whether low hepatic levels are thus, indeed, linked to
high systemic concentrations of Aβ42 has not been finally clarified [13,15].

It is important to note that Aβ42 exerts protective functions in the liver. Uptake of
Aβ42 peptides by murine hepatic stellate cells suppressed the expression of fibrotic proteins
such as transforming growth factor beta (TGFbeta) [13]. TGFbeta strongly contributes to
tissue fibrosis and is an excellent inducer of connective tissue growth factor (CTGF) in
hepatocytes. Serum CTGF is increased in patients with liver cirrhosis and is related to
liver fibrosis [16–18].

Aβ further induced endothelial nitric oxide (NO) synthase in human SV40 immor-
talized hepatic sinusoidal endothelial cells [13]. NO is a vasodilatory molecule and its
bioavailability is reduced in sinusoidal endothelial cells of the cirrhotic liver. This, indeed,
contributes to increased intrahepatic vascular resistance and portal hypertension, which is
one of the key factors responsible for the development of complications of liver cirrhosis
such as varices and ascites [19–21]. Arginine and asymmetric dimethylarginine (ADMA)
regulate endothelial function. ADMA is an endogenous inhibitor of NO synthase, whereas
arginine can enhance production of NO [21,22]. Plasma levels of ADMA were higher in
patients with decompensated than compensated liver cirrhosis, whereas arginine levels
did not change [22,23].
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There is some evidence that patients with chronic liver diseases have an increased
risk for Alzheimer disease [24]. Non-alcoholic fatty liver disease (NAFLD) is a common
disorder and may progress to liver cirrhosis and hepatocellular carcinoma [25]. NAFLD
induced Alzheimer disease in wild-type mice and in mice carrying the Swedish APP protein
and the ∆e9 presenilin 1 mutation but lacking mouse APP protein [26]. Neuronal apoptosis,
brain inflammation, and β-amyloid plaques were increased, whereas brain expression of
LRP1 was reduced in both mouse groups when fed a high-fat diet to induce NAFLD [26].
Dyslipidemia and insulin resistance are characteristics of NAFLD, and abnormal lipid
metabolism, as well as type 2 diabetes, increased the risk to develop Alzheimer disease [24].
A longitudinal cohort study identified higher brain Aβ levels in cognitively normal subjects
who had abnormal triglyceride levels 20 years ago [27]. High low-density lipoprotein and
low high-density lipoprotein levels were linked with higher cerebral Aβ in a cohort of
patients with no or mild cognitive impairment [28]. Hypercholesterinemia, oxidative stress,
and hyperinsulinemia impair Aβ clearance in type 2 diabetes patients, who have a higher
risk of developing Alzheimer disease [7].

Analysis of protein levels in portal venous serum (PVS), hepatic venous serum (HVS),
and systemic venous serum (SVS) gives some information about hepatic clearance and
synthesis of different proteins and metabolites [29]. The liver can produce and eliminate
metabolites and, thus, levels in peripheral blood might not represent the concentrations
in portal or hepatic venous blood [29]. Different concentrations of metabolites in these
blood compartments can also provide some information about their production in certain
tissues. High synthesis of, e.g., cytokines in the gut or visceral adipose tissues may increase
the concentration in the portal vein relative to the systemic blood [29,30]. In case that the
production of the cytokine is induced in the liver, levels may be higher in the hepatic than
the portal vein [29]. PVS and HVS are not available from healthy persons for ethical issues
but can be collected from patients with liver cirrhosis during implantation of a transjugular
intrahepatic portosystemic shunt. In these blood samples IL-6 levels were higher in PVS
than HVS, demonstrating that IL-6 is cleared by the liver [31]. Impaired liver function
was thus associated with higher levels of serum IL-6 [31]. IL-6 is an acute phase protein
and regulates liver regeneration and metabolism. Permanently high IL-6 is, nevertheless,
detrimental to liver health [32].

An increase of sCD163, which is almost exclusively produced by macrophages, from
the portal to the hepatic vein showed that liver macrophages released this protein [33,34].
Plasma levels of sCD163 were positively related to the severity of liver disease in patients
with liver cirrhosis and indicate activation of Kupffer cells in these patients [33,34].

Resistin in humans is also mainly released by macrophages, and serum levels were
induced in liver cirrhosis. Resistin concentrations did, however, not differ between SVS,
HVS, and PVS, suggesting that higher serum levels in liver cirrhosis are not a marker of
Kupffer cell activation and may be related to the dysfunction of monocytes/macrophages
in liver cirrhosis [35].

Chemerin is abundantly expressed in the liver and levels were higher in the hepatic
than the portal vein [36–38]. Serum chemerin is a marker for hepatic dysfunction and was
low in patients with liver cirrhosis [39,40].

Visfatin is an inflammatory and pro-fibrotic protein, and levels were higher in HVS
and PVS when compared to SVS. Whether serum visfatin is changed in patients with liver
cirrhosis or is related to liver disease severity has not been finally clarified [35].

Chronic inflammation contributes to the pathogenesis of Alzheimer disease and liver
cirrhosis and, thereby, may link liver diseases with cognitive impairment [24,35]. C-reactive
protein (CRP) is a routine laboratory marker for inflammation but was not increased in
serum of patients with Alzheimer disease [41]. CRP is an acute phase protein synthesized
by the liver. Patients with liver cirrhosis have higher systemic CRP. A relationship to the
severity of the liver disease did not exist [42].

Here, HVS, PVS, and SVS of patients with liver cirrhosis were used to measure Aβ42.
Only a little serum was available, and either Aβ40 or Aβ42 could be analyzed. Regarding
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that systemic Aβ42 is more strongly related to cognitive status [43], and that both peptides
were comparably changed in plasma and liver of patients with liver cirrhosis [12,13], Aβ42
was determined.

It was hypothesized that serum Aβ42 is lower in HVS than PVS because of hepatic
extraction. Clearance of Aβ42 by the liver may also contribute to lower serum levels.
Moreover, it was postulated that Aβ42 levels increase in patients with more severe liver
disease because of impaired removal by the injured liver.

2. Materials and Methods
2.1. Transjugular Intrahepatic Portosystemic Shunt (TIPS)

Twenty patients with clinically diagnosed liver cirrhosis were included in the study.
Etiology of liver disease was alcoholic in 18 and hepatitis C infection in two patients.
Patients were treated by TIPS implantation due to complications of liver cirrhosis. This
procedure has been described earlier, and TIPS was inserted in the fasted state [44]. During
this intervention, samples of the hepatic vein (HVS), of the portal vein (PVS), and of
a peripheral vein (SVS) were obtained. Medication and alcohol consumption of the patients
were not documented. Patients had not been drinking any alcohol at the time the blood
samples were drawn.

Standard laboratory values (such as alanine aminotransferase (ALT), aspartate amino-
transferase (AST), or albumin) were measured by the Institute for Clinical Chemistry and
Laboratory Medicine at our hospital. The study complied with the Declaration of Helsinki.
All patients gave written, informed consent and the study was approved by the ethical
committee of the University Hospital of Regensburg.

G*Power3.1.6 analysis using the values of plasma Aβ42 in patients with cirrhosis
(excluding patients with hepatitis B virus) and healthy controls published by Wang et al. [12]
indicated that seven patients per group are enough to identify higher Aβ42 in patients
with liver cirrhosis with an alpha error of 0.05 and a power of 0.80. More patients may be
necessary to differentiate those with compensated and decompensated cirrhosis (because
the difference in Aβ42 levels may be smaller in comparison to healthy controls) but there
was no study having analyzed Aβ42 levels in serum of these patients so far and the number
of patients needed could not be calculated.

2.2. ELISA

Human Amyloid β (aa1-42) Immunoassay was from R&D Systems (Wiesbaden, Nor-
denstadt, Germany). Serum was used undiluted. All of the blood samples were analyzed
at one day in parallel. Therefore, inter-assay coefficient of variation (CV) could not be
calculated. Intra-assay CV for samples with Aβ42 < 10 pg/mL was 12.4%, for samples
with Aβ42 < 20 pg/mL was 12.3%, for samples with Aβ42 < 30 pg/mL was 8.1%, and for
samples with Aβ42 < 100 pg/mL was 7.2%. The lowest value of the standard curve was
7.8 pg/mL, and almost all serum levels were greater. Median levels of Aβ42 were, indeed,
about 20 pg/mL and were nearly three-fold higher than the lowest standard. Therefore,
50% of the analyzed sera had Aβ42 levels above the concentration of the second standard
(15.6 pg/mL).

Interleukin (IL)-6, connective tissue growth factor (CTGF), chemerin, resistin, visfatin,
arginine, and asymmetric dimethylarginine (ADMA) were already measured in patients
with liver cirrhosis, and results were published [16,22,31,36,45].

Standards and samples were measured in duplicate, and the means were used for
statistical analyses.

2.3. Statistics

Data are shown as box plots (median value, range of the values, the first and the third
quartile—circles or stars outside the boxes indicate outliers). Shapiro–Wilk test showed that
Aβ42 and chemerin were not normally distributed in the different blood compartments.
Statistical differences were, therefore, calculated by non-parametric tests, namely the Mann–
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Whitney U Test, the Kruskal–Wallis Test, the Wilcoxon Test, or Friedman test (IBM SPSS
Statistics 26.0). IL-6 was normally distributed, and paired t-test was used for calculation.
Spearman correlations were analyzed by the IBM SPSS Statistics software.

3. Results
3.1. Aβ42 in Different Blood Compartments of Patients with Liver Cirrhosis

Serum of 20 patients suffering from clinically diagnosed liver cirrhosis was available
for this study. Patients’ characteristics are given in Table 1.

Table 1. Patient demographics and laboratory parameters (median values and ranges are shown).

Cirrhosis Patients

Number 20
Sex (female/male) 7/13

MELD score 9 (6–21)
Age (years) 52 (40–81)

Child-Pugh score A/B/C/ 6/6/8
C-reactive protein (mg/L) 9.9 (1.0–53.5)

Albumin (g/L) 32.9 (1.6–42.7)
Bilirubin (mg/dL) 1.2 (0.5–4.6)

Quick prothrombin time (%) 71 (28–100)
Aspartate aminotransferase (U/L) 40 (11–82)
Alanine aminotransferase (U/L) 33 (2–68)

Creatinine (mg/dL) 1.1 (0.5–4.5)
Ascites: no or little/modest or massive 8/12

Varices: no or small/large 7/13
Diabetes no/yes 12/8

MELD: Model for end-stage liver disease.

Aβ42 levels were similar in SVS, HVS, and PVS (Friedman test; Figure 1A). A con-
cern is that there were too few patients to identify any differences between the blood
compartments. The number of patients was, indeed, too small to confirm higher levels of
chemerin in HVS than PVS [36] (Friedman test; Figure 1B). In the current cohort, IL-6 was
significantly higher in PVS than HVS, as was reported earlier. The recently described rise
of IL-6 in SVS relative to HVS was also identified [31] (paired t-test; Figure 1C).

Figure 1. Aβ42, chemerin, and IL-6 in serum of patients with liver cirrhosis. (A) Aβ42, (B) chemerin, and (C) IL-6 in
systemic venous (SVS), hepatic venous (HVS), and portal venous (PVS) serum of patients with liver cirrhosis. (D) HVS/PVS
ratio of chemerin and Aβ42 in %. The dotted line is the 100% value. (E) SVS Aβ42 in females and males. (F) Aβ42 in HVS,
PVS, and SVS of female and (G) male patients. * p < 0.05, *** p < 0.001.
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Small effects can be more easily identified when looking at the respective ratios. The
mean of the chemerin HVS/PVS ratio was 123%, whereas the Aβ42 HVS/PVS ratio was
103%. The chemerin HVS/PVS ratio was increased relative to the value of 100%, which
indicated that the ratio did not change (Wilcoxon Test; Figure 1D).

Aβ42 levels in SVS, HVS, and PVS did not differ between male and female patients
(Mann–Whitney U Test; Figure 1E–G). Aβ42 levels in HVS, PVS, and SVS of the in-
dividual patients showed that levels of most patients were similar in the three blood
compartments (Figure 1F,G).

It has to be noted that systemic Aβ42 levels did not correlate with patients’ ages
(r = 0.312, p = 0.181). Median Aβ42 level in SVS of the two patients infected with hepatitis
C virus was 16.1 pg/mL and was 19.7 pg/mL in the patients with alcoholic cirrhosis,
suggesting that serum Aβ42 was not changed much by hepatitis C infection.

In general, there is a very good correlation between the metabolite concentrations in
SVS, HVS, and PVS [29]. This was the case for chemerin and IL-6 levels in the current cohort
(Table 2). Correlations for Aβ42 in SVS, PVS, and HVS were also significant. The correlation
coefficients were, however, smaller (Spearman correlations; Table 2). A correlation coeffi-
cient of 0.838 for PVS and HVS chemerin corresponded to a coefficient of determination
(R2) of 0.702, suggesting that about 70% of HVS chemerin can be explained by its PVS
levels. R2 for PVS and HVS Aβ42 was 0.347, and about 65% of the variability in HVS must
be related to other factors than the Aβ42 PVS levels [46].

Table 2. Spearman correlation coefficients and p-values (in brackets) for chemerin, IL-6, and Aβ42
levels in the blood compartments.

HVS Aβ42 PVS Aβ42

SVS Aβ42 0.541 (0.014) 0.463 (0.040)
HVS Aβ42 0.589 (0.006)

HVS Chemerin PVS Chemerin

SVS Chemerin 0.811 (<0.001) 0.912 (<0.001)
HVS Chemerin 0.838 (<0.001)

HVS IL-6 PVS IL-6

SVS IL-6 0.950 (<0.001) 0.689 (0.001)
HVS IL-6 0.726 (<0.001)

HVS: Hepatic venous serum; IL-6: Interleukin-6; PVS: Portal venous serum; SVS: Systemic venous serum.

3.2. Aβ42 in Relation to Scores and Measures of Liver Function

The calculation of the Child–Pugh score uses bilirubin, albumin, international normal-
ized ratio (INR), ascites, and encephalopathy. The model for end-stage liver disease (MELD)
score is calculated from bilirubin, INR, and creatinine [47]. Levels of Aβ42 were similar in
patients with Child–Pugh scores A, B, and C (Kruskal–Wallis Test; Figure 2A). The median
MELD score was 9, and Aβ42 did not differ between patients with a MELD score below
or equal to 9 and patients with a MELD score above this median value (Mann–Whitney
U Test; Figure 2B). Classification of patients according to normal and abnormal bilirubin
levels, creatinine levels, or Quick prothrombin time did not reveal any differences in Aβ42
levels between the groups (Mann–Whitney U Test; Figure 2C–E). Accordingly, Aβ42 in
serum did not correlate with serum albumin (Spearman correlation, Figure 2F).

3.3. Aβ42 in Patients with Disturbed Glucose Metabolism

Type 2 diabetes increases the risk for Alzheimer disease [24,48]. In our cohort, diabetic
patients had higher Aβ42 serum levels in comparison to the non-diabetic patients. This
effect was significant in HVS (p = 0.047) but not in PVS (p = 0.069) and SVS (p = 0.181) (Mann–
Whitney U Test; Figure 3A). HVS/PVS Aβ42 ratio (Mann–Whitney U Test; p = 0.910) did
not differ between diabetic and non-diabetic patients.
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Figure 2. Aβ42 in relation to liver function. Aβ42 in serum of patients with liver cirrhosis stratified for (A) the Child–Pugh
score (A = six patients, B = six patients, and C = eight patients) or (B) the median MELD score (nine patients had a MELD
above 9 and 11 patients a MELD score ≤9). (C) Aβ42 serum levels in patients with a bilirubin value below (eight patients)
or above (12 patients) the upper normal value (1 mg/dL). (D) Aβ42 serum levels in patients with creatinine levels below
(eight patients) or above (12 patients) the upper normal value (1 mg/dL). (E) Aβ42 serum levels in patients with a normal
(<70%, 10 patients) or a prolonged (>70%, 10 patients) Quick prothrombin time. (F) Spearman analysis showed that Aβ42
serum levels did not correlate with albumin in the 20 patients.

3.4. Association of Aβ42 Levels with Markers of Inflammation, Endothelial Function, and Fibrosis

Systemic inflammation contributes to Alzheimer disease [49,50]. However, serum
Aβ42 was not correlated with CRP (Table 3). Resistin, chemerin, IL-6, and visfatin were all
described to be associated with inflammation [35,51–53], but serum Aβ42 did not correlate
with any of these molecules (Spearman correlation; Table 3).

There was evidence that Aβ42 induced endothelial NO synthase production in the
liver [13]. Serum arginine and ADMA are markers of endothelial function and were already
measured in the serum of those patients [22,23,54]. Serum Aβ42 did not correlate with
arginine and/or ADMA levels (Spearman correlation; Table 3).

Recent studies showed anti-fibrotic effects of Aβ42 [13]. CTGF was identified as
a serum marker of ongoing fibrosis [17] and negatively correlated with SVS Aβ42 (Spear-
man correlation; Table 3, Figure 3B). HVS (r = −0.253, p = 0.283) or PVS (r = 0.038, p = 0.875)
levels of these proteins were not correlated. Of note, HVS/PVS Aβ42 ratio negatively
correlated with CTGF in PVS (r = −0.541, p = 0.014), HVS (r = −0.451, p = 0.046), and SVS
(r = −0.489, p = 0.029).

3.5. Aβ42 in Patients with Ascites and Varices

Increased splanchnic and reduced hepatic NO production in liver cirrhosis contribute
to portal hypertension [21]. Aβ42 did not correlate with the hepatic venous pressure
gradient (Spearman correlation; r = 0.217, p = 0.358 for SVS; r =−0.77, p = 0.747 for HVS;
r = −0.311, p = 0.182 for PVS). Esophageal varices and ascites are common complications
of portal hypertension [55]. Systemic Aβ42 was similar in patients with modest/massive
ascites in comparison to patients with no/little ascites (Mann–Whitney U Test; Figure 3C).
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Serum Aβ42 did also not change in patients with large varices in relation to patients with
no/small varices (Mann–Whitney U Test; Figure 3D).

Figure 3. Association of Aβ42 serum levels with diabetes, ascites, and varices. (A) SVS Aβ42
serum levels in 8 patients with and 12 patients without diabetes. (B) Correlation of SVS Aβ42
with serum CTGF. (C) SVS Aβ42 serum levels in eight patients with no/little and 12 patients
with moderate/massive ascites. (D) SVS Aβ42 serum levels in seven patients with no/small and
13 patients with large varices.

Table 3. Spearman correlation coefficients (r) and p-values (p) for the association of systemic Aβ42
with inflammatory markers, proteins with a role in nitric oxide production, and connective tissue
growth factor (CTGF).

CRP Resistin Chemerin IL-6 Visfatin Arginine ADMA CTGF

r 0.390 −0.011 −0.290 0.262 0.040 −0.251 −0.036 −0.580
p 0.089 0.965 0.214 0.531 0.867 0.286 0.880 0.007

ADMA: Asymmetric dimethylarginine; CTGF: Connective tissue growth factor; CRP: C-reactive protein;
IL-6: Interleukin 6.

4. Discussion

This study showed that serum Aβ42 levels were similar in portal, hepatic, and systemic
serum and were not related to measures of liver function in patients with liver cirrhosis.

Impaired elimination of Aβ has been proposed to contribute to elevated serum and
brain levels, and thereby progresses in Alzheimer disease [24,56]. Recent studies suggested
a role of the liver for Aβ degradation and removal [24]. Labeled Aβ42 peptides were,
indeed, taken up by the liver and excreted in bile [11]. This finding gives, however, no
information about the final levels of Aβ42 in the hepatic vein considering that the liver
generates and degrades Aβ [13]. PVS and HVS Aβ42 levels were similar in the patients
with liver cirrhosis. This suggests that the cirrhotic liver does not eliminate portal-venous
Aβ42. It is, however, possible that Aβ42 is taken up by the cirrhotic liver for excretion
but is also released from this organ into the circulation. APP mRNA and the enzymes
for Aβ production are expressed in the liver [13]. Comparable Aβ42 levels in PVS and
HVS are achieved when removal and production rates are similar. PVS and HVS levels
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of most cytokines and chemokines analyzed so far were highly correlated [16,22,31,36,45].
This also applied to chemerin and IL-6 levels in the small study cohort analyzed herein.
Correlations of Aβ42 in SVS, PVS, and HVS were smaller and, thus, Aβ42 levels may be
more extensively modified when passing the liver.

Whatever the underlying mechanisms are, the present findings indicated that levels of
Aβ42 were not significantly reduced when passing the cirrhotic liver. Impaired liver func-
tion is associated with a diminished elimination of cytokines such as IL-6, and, accordingly,
IL-6 levels increased with higher Child–Pugh score [31,57]. Aβ42 levels did not change in
patients with worse liver function as assessed by the MELD score, the Child–Pugh score,
and laboratory measures of liver disease severity. This illustrated that serum Aβ42 levels
are not correlated with residual liver function in patients with cirrhosis.

It may well be that the healthy liver contributes to Aβ42 elimination. It is, however,
difficult to obtain HVS and PVS blood from liver healthy donors. Wang et al. showed
increased plasma Aβ42 levels in patients with liver cirrhosis in comparison to healthy
controls [12]. This indeed suggests a function of the healthy liver in the regulation of
plasma Aβ42 levels. The control group in that study was healthy subjects, and non-
cirrhotic patients with chronic liver diseases were not included in the analysis by Wang
et al. [12]. Patients infected with hepatitis B had about four-fold higher Aβ42 levels than
non-infected patients. This shows that hepatitis B infection has a much greater effect on
systemic Aβ42 levels than suffering from liver cirrhosis [12]. Current preliminary analysis
suggested that hepatitis C infection (only two patients) was not associated with very high
Aβ42 serum levels, but this needs further analysis.

It may well be that hepatic Aβ42 release is enhanced in patients with liver cirrhosis,
and this may also reduce levels in the liver tissues and increase systemic concentrations of
this peptide [12,13].

In an experimental murine NAFLD model, plasma Aβ42 even declined, and analysis
of hepatic pathways involved in Aβ synthesis, catabolism, and clearance revealed that all
of them were reduced in NAFLD [58]. Beta-secretase 1 was, however, found induced in
the liver of db/db mice, which have a mutated leptin receptor and liver steatosis [59]. In
human liver cirrhosis, beta-secretase 1 and neprilysin, which efficiently degrades the Aβ

peptides, were suppressed, suggesting that production and degradation pathways were
downregulated [13]. Chronic liver diseases may thus be associated with a dysregulation of
Aβ production and removal. Major causes of liver cirrhosis are NAFLD, viral infection, and
alcohol abuse [60]. Whether disease etiology may affect the hepatic production or clearance
of Aβ42 was not studied so far. Data about expression of hepatic enzymes involved in
Aβ42 metabolism and hepatic and systemic Aβ42 in patients stratified for etiology of liver
cirrhosis are missing.

Aβ42 levels were about three fold higher in the cirrhosis patients studied by Wang et al.
in comparison to our cohort. About 30% of their patients had chronic hepatitis B (HBV) [12].
Plasma Aβ42 levels in the non-HBV patients with liver cirrhosis were about 28 pg/mL,
and this is comparable to the SVS Aβ42 levels (20 pg/mL) identified in our study where
mostly patients with alcoholic cirrhosis were included.

The study by Wang et al. described associations of plasma Aβ42 with bilirubin,
albumin, and AST concentrations [12]. The correlation analyses included data of non-HBV
and HBV patients with liver cirrhosis and healthy controls, and analysis has to be done
separately in these three different cohorts [12]. Positive associations of Aβ42 with markers
of liver injury such as bilirubin and AST can also be explained by higher hepatic release of
Aβ42 from the damaged liver, and a more detailed analysis is needed to characterize the
pathways contributing to increased systemic Aβ42 in liver cirrhosis.

Higher age is a risk factor for liver cirrhosis and Alzheimer disease [2,35]. Aβ42 levels
were, however, not correlated with age in the current cohort. A very modest negative
association of plasma Aβ42 and age was described in cognitively normal subjects [61].
A second analysis showed a relatively weak positive correlation of plasma Aβ42 level and
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age [62]. These opposing reports suggest that correlations of Aβ42 level and age are weak
and seem to be cohort specific.

Liver cirrhosis is often associated with chronic inflammation, and various cytokines
were found induced in serum of these patients [35]. Plasma Aβ42 levels were, however, not
correlated with IL-1β, IL-6, TNF, and IFN-γ in the study by Wang et al. [12]. In accordance
with these findings, serum Aβ42 did not correlate with inflammatory proteins such as
IL-6 and CRP in the current cohort. Therefore, it is unlikely that acute phase proteins or
inflammatory proteins contribute to increased serum Aβ42.

There is evidence that Aβ42 is increased in obesity and diabetes. Obese mice had
elevated plasma Aβ42 levels [63]. In diabetic patients, plasma Aβ42 levels were higher than
in non-diabetic controls [63]. Of note, in the patients with liver cirrhosis studied herein,
Aβ42 was significantly induced in HVS of diabetic patients with liver cirrhosis. HVS/PVS
Aβ42 ratio did not differ between the diabetic and non-diabetic patients excluding that
hepatic production was grossly induced in these patients.

Aβ42 was also shown to impair endothelium-dependent and -independent vasodila-
tion and was associated with a lower NO bioavailability [63]. In the aorta of control and
high-fat diet-fed mice, Aβ42 reduced phosphorylated endothelial NO synthase protein.
On the other hand, it was shown that Aβ42 increased endothelial NO synthase protein in
human liver sinusoidal endothelial cells [13]. It is well known that NO is a key factor in
the hemodynamic abnormalities of liver cirrhosis. The reduced production of endothelial
NO in the liver and its overproduction in the systemic and splanchnic vasculature are key
factors for portal hypertension [21]. Common complications of portal hypertension are
ascites and varices [19]. Aβ42 levels were not changed in patients with ascites or varices
and did not correlate with the hepatic venous pressure gradient, serum arginine (NO
precursor), or ADMA (NO synthase inhibitor) levels. Considering the complex regulation
of NO synthesis and the multiple mediators that contribute to portal hypertension [21],
this, however, does not exclude a role for Aβ42 in the regulation of splanchnic and hepatic
NO production.

An interesting finding was the negative association of serum CTGF with Aβ42 levels.
Serum CTGF was highest in patients with ongoing fibrogenesis [17]. Transforming growth
factor β (TGF-β) is a strong inducer of hepatocyte CTGF synthesis [18]. Aβ42 reduces
TGF-β in hepatic stellate cells [13], and this effect may contribute to the negative correlation
of CTGF and Aβ42. HVS/PVS Aβ42 ratio was negatively correlated with CTGF in the
three blood compartments, assuming a protective role of this peptide in liver cirrhosis.

The main limitation of this study is that only 20 patients were included. Thus, it was
not possible to prove small differences. The use of an ELISA, instead of a highly sensitive
technique such as the Single Molecule Array (Simoa)® Aβ42 Advantage Kit, is a further
limitation of this study. As mentioned above, Aβ42 levels detected in serum of our study
cohort were comparable to the levels described in a previous analysis [12]. Moreover, the
ELISA used herein was already applied for analysis of serum Aβ42 in a human study
cohort [64]. Because of the low levels of Aβ42, serum had to be used undiluted and the
specificity of the commercially available ELISA was not thoroughly checked. Medication
and alcohol consumption of the patients were not documented and possible effects on
serum Aβ42 could not be evaluated. The study strength is that portal vein, hepatic vein,
and systemic blood of relatively well-characterized patients were used for analysis of Aβ42.

The present analysis showed that there is no net effect of the cirrhotic liver on Aβ42
levels in the circulation. Further studies are needed to explore the association of Aβ42
levels, ongoing fibrogenesis, and cognitive dysfunction in patients with liver cirrhosis.
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Abstract: Background: Vedolizumab (vedo) is effective for induction and maintenance of remission
in adults with inflammatory bowel disease (IBD). Pediatric data are still limited, especially for the
youngest children with very early onset disease (VEO-IBD). The aim of this study was to assess the
safety and efficacy of vedo in VEO-IBD. Methods: We performed a retrospective review of pediatric
IBD patients with VEO-IBD (defined as aged <6 years) receiving vedo. Data on demographics, disease
behavior, activity, and previous treatments/surgeries were collected. Disease activity was assessed
using the pediatric Crohn’s disease (CD) activity index (PCDAI) for CD or pediatric ulcerative colitis
(UC) activity index (PUCAI) for UC. Primary outcome was clinical response after induction therapy
with vedolizumab (4th dose week). It was defined as a decrease in PCDAI of at least 12.5 points
between baseline and 4th dose week for CD, and a decrease in PUCAI of at least 20 points between
baseline and this time for UC. Descriptive statistics were performed to analyze the data. Results: The
study included 16 patients with VEO-IBD who have received vedo: 4/16 (25%) with CD, and 12/16
(75%) with UC at the median age of diagnosis 33.7 months (6.6 months–4.5 years). Median age at
vedo initiation was 6.5 years (2.2–16.5 years). Among the analyzed individuals, 56.25% had failed
more than one anti-tumor necrosis factor (TNF) alfa agent. Clinical response at 4th dose week was
observed in 9/16 (56.3%) patients: mean baseline PCDAI score was 34.4 ± 1.9 and 10.6 ± 1.8 after
induction therapy with vedo, while PUCAI score was 26 ± 6 vs. 18 ± 8, respectively. There was
improvement in patients’ nutritional state: at baseline 2/16 (12.5%) children had body mass index
(BMI) below 1 percentile and no child had such BMI after induction therapy with vedo. No infusion
reactions or serious adverse events/infections were reported. Conclusion: Vedolizumab is safe and
effective in the medical management of pediatric patients with VEO-IBD.

Keywords: premedication; infusion reaction; infliximab; inflammatory bowel disease

1. Introduction

The incidence of pediatric inflammatory bowel disease (IBD) is increasing worldwide,
and the age of onset has become younger [? ]. Very early onset IBD (VEO-IBD) is defined
as disease diagnosis under the age of 6 years, and it represents a unique subset of IBD
patients [? ]. Some of VEO-IBD patients present with immunodeficiency and have genetic
causes of their disease which means that loss of function genetic mutations involving
immune and/or cytokines pathways lead to development of intestinal inflammation [? ].

Most of these young patients present with a highly severe course of IBD and thus
require more aggressive treatment due to the failure to both conventional and biological
therapies [? ].

Therefore, novel medical strategies are absolutely necessary, particularly for this
specific group of VEO-IBD.

J. Clin. Med. 2021, 10, 2997. https://doi.org/10.3390/jcm10132997 https://www.mdpi.com/journal/jcm
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Monoclonal antibodies against tumor necrosis factor alpha (TNFα), such as infliximab
(IFX) or adalimumab (ADA), are safe and effective in induction and maintenance of re-
mission in moderate to severe pediatric Crohn’s disease (CD) and ulcerative colitis (UC)
patients [? ? ]. However, up to one-third of patients are primary non-responders to TNFα
antagonist therapy and about 20% of primary responders may develop loss of response per
year [? ? ]. Moreover, patients who fail one TNFα antagonist are less likely to respond to a
second agent, and even those with sustained response may need to discontinue therapy
because of infusion reactions or other adverse effects [? ].

Vedolizumab (vedo) is a humanized anti-α4β7 integrin, immunoglobulin G1 mon-
oclonal antibody. It may be an alternative for patients with severe IBD who have failed
treatment with a TNFα antagonist [? ]. This biological agent downregulates intestinal
inflammation by specifically inhibiting intestinal T-lymphocyte migration into the tissue.
Therefore, its mechanism of action is restricted to the gastrointestinal tract, which poten-
tially decreases the risks of systemic immunosuppression that leads to increased infection
rate and malignancies observed in other IBD therapies [? ].

Results from adult studies (GEMINI 1 and GEMINI 2 trials) have demonstrated the
safety and effectiveness of vedo in induction and maintenance of remission in both UC and
CD, with slightly better clinical outcomes in UC [? ? ].

Data on vedo treatment in pediatric IBD population is still lacking and, so far, there
has been no study performed on patients with VEO-IBD.

Due to the mechanism of action indicating the superior safety profile of this anti-
integrin therapy, vedo seems to be a promising biological agent in pediatric IBD and is
certainly worth further evaluation, especially in the group of youngest patients.

The aim of this study was to evaluate safety and efficacy of vedo in the treatment of
pediatric patients with VEO-IBD.

2. Patients and Methods

This is a single-center retrospective observational cohort study of 16 children under
the age of 6 years at diagnosis of IBD (both CD and UC) with a severe course of the disease
refractory to both standard therapies and anti-TNF-alfa treatment. In this group, vedo
was introduced at any age as a “rescue therapy”. Drug’s doses were either 150 mg or
300 mg depending on patient’s weight, and the infusions’ schedule was: 0, 2, and 6 weeks
of induction therapy followed by a maintenance phase at 8-week intervals.

Data on demographics, disease behavior, activity, and previous treatments/surgeries
were collected from patients’ medical charts. Disease activity was assessed using the
pediatric Crohn’s disease activity index (PCDAI) for CD or pediatric ulcerative colitis
activity index (PUCAI) for UC. Mucosal healing (MH) was assessed using fecal calprotectin
(FCP) which was measured with enzyme-linked immunosorbent assay (ELISA) test kits
and normal values were <50 µg/g.

The primary outcome of the study was:

- Clinical response after induction therapy with vedo (4th dose week) defined as a
decrease in PCDAI of at least 12.5 points between baseline and 4th dose week for CD,
and for UC a decrease in PUCAI of at least 20 points between baseline and this time.

The secondary outcomes included:

- Clinical remission after induction phase (4th dose week) and maintenance phase (10th
dose week) of vedo defined as PCDAI ≤10 points for CD or PUCAI ≤10 points for UC.

- Improvement in patients’ nutritional status after induction and maintenance treatment
with vedo assessed by body mass index (BMI) score.

- Improvement in laboratory parameters after induction and maintenance treatment
with vedo.

- FCP was used as a surrogate marker of MH—a statistically significant decrease in
FCP level between baseline and after vedo commencement was considered as MH.
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To analyze the data, descriptive statistics based on intension to treat (ITT) analysis
were performed.

All legal guardians provided written informed consent for the treatment with vedo.
Vedolizumab is approved in Poland for adult patients with IBD. It is used it for

children as a rescue therapy and thus an agreement of the National Consultant of Pediatric
Gastroenterology is obligatory.

The study meets the standards of Helsinki and the National Consultant on Pediatric
Gastroenterology agreed to administer the drug.

3. Results
3.1. Patients’ Characteristics

Sixteen patients with IBD were included in the study: 4/16 (25%) with CD, and 12/16
(75%) with UC. Median age at disease diagnosis was 33.7 months (6.6 months–4.5 years).
Median age at vedo initiation was 6.5 years (2.2–16.5 years). Among these individuals
15/16 (93.75%) had previously received infliximab (IFX), 9/16 (56.25%) had been treated
with adalimumab (ADA), and 4/16 (25%) had had an exposure to other biologic therapies,
1/16 (6.25%) was biologic-naive. The most common reason for discontinuation of anti-TNF-
alfa therapy was primary non-response: IFX—9/15 participants (60%), ADA—6/9 (66.7%).
At baseline 8/16 (50%) patients received concomitant therapy with systemic steroids and
9/16 (56,3%) with immunosuppression (IMM)—either azathioprine (5 patients—AZA) or
methotrexate (4 patients—MTX). After induction therapy 6/14 (42,9%) children continued
steroids and 8/14 (57,1%) IMM (4 patients—MTX, 4 patients—AZA) (Table S1).

3.2. Outcomes

The response at the 4th dose week (induction phase) was observed in 9/16 (56.3%): 6
with UC and 3 with CD. Additionally, in UC group at 4th dose week 3 patients achieved
clinical remission and 4 patients fulfill the criteria of clinical response and clinical remission.
In CD group at 4th dose week 1 patient achieved clinical remission and 1 patient fulfilled
the criteria of clinical response and clinical remission. Two patients did not respond
to vedo therapy and therefore they did not continue the treatment. The mean PCDAI
score at initiation of vedo therapy for the CD patients was 34.4 ± 1.9, while the mean
PUCAI for children with UC was 26 ± 6. Overall, there was a significant decrease in both
clinical indexes from baseline to each follow-up visit, at 4th and 10th dose week: PCDAI—
18.1 ± 6.8, 10.6 ± 1.8, and PUCAI—18 ± 8, 17 ± 7, respectively (Figure S1). Four patients
with UC had PUCAI = 0 after induction treatment with vedo.

Six patients (37.5%) either did not respond or lost response to vedo: 2 patients did not
respond to induction therapy, and 4 children lost response—after the 4th, 8th, 9th and 10th
doses of vedo, respectively.

All patients improved their nutritional status: 2/16 individuals (12.5%) had BMI <1 per-
centile at baseline and none at 4th dose week. Thirteen (81.25%) children had median
baseline BMI score at 40th percentile, while all of them achieved this BMI score after
induction therapy with vedo (Table S2).

Overall, there was an improvement in laboratory parameters: mean baseline hemoglobin
level was 10.5 g/dL and 11.8 g/dL after 3 doses of vedo, and mean serum albumin was
38.5 g/L vs. 42.9 g/L respectively. A decrease in inflammatory markers was reported:
mean ESR at week 0 was 29 mm/h vs. 18 mm/h after induction therapy (Table S2).

During our study, 8/16 (50%) patients were tested for FCP (Figure S2). Unfortunately,
due to the small sample size we cannot draw any clear conclusions on the impact of vedo
treatment on FCP levels.

Three patients still required surgery during vedo therapy: 2 patients underwent total
colectomy and 1 had subtotal resection of the intestine (Table S3).
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3.3. Safety

Generally, vedo therapy was safe and well-tolerated by our patients. No infusion
reactions or serious adverse events (AEs)/infections were reported during the whole
treatment. After induction phase only one patient (1/16–6.3%) developed infection of the
upper respiratory tract, however we do not know whether it was related to vedo. After
nine doses of vedo, 2 patients (12.5%) complained about arthralgia (Table S2).

4. Discussion

In this first study on vedo treatment in children with VEO-IBD we have demonstrated
the safety and effectiveness of this anti-integrin agent in the studied group—clinical re-
sponse after induction therapy with three doses of vedo was observed in more than 40% of
patients. Our results are comparable to the outcomes reported so far for the older pediatric
patients, which is very satisfactory regarding more severe course of VEO-IBD and thus
worse response to treatment.

In the retrospective multi-center study of the pediatric IBD Porto Group of European
Society of Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) demonstrat-
ing experience with vedo in pediatric population, the remission rate at week 14 was 37%
in UC, and 14% in CD, while by last follow-up it was 39% in UC and 24% in CD respec-
tively. However, children in this group were much older than our patients—their mean
age at vedo commencement was 14.5 ± 2.8 years, while it was 7.24 years in our cohort.
Alike our patients, all of those children were previously treated with anti-TNF-alfa agent
(28% primary failure, 53% secondary failure) [? ]. However, 17% children still required
surgery, including a colectomy for UC. An interesting observation was that concomitant
immunomodulatory therapy did not affect remission rate [42% vs. 35%; p = 0.35 at Week
22]. In this study, only 3 of 16 children who underwent endoscopic evaluation had MH
after treatment (19%). What is most important, only three minor drug-related AEs were
observed [? ].

In our study 3 patient required surgery and 2 of them underwent toral colectomy.
Concomitant treatment with either systemic steroids or IMM was continued in 3/9 (33.33%)
children at 4th dose visit, and 6/9 (66.7%) of participants at the 10th dose week. This
observation is consistent with the PORTO group results. Due to the very young age of
study participants, we decided to assess MH using a non-invasive biomarker, FCP, not an
endoscopy which requires general anesthesia and is more stressful for children. The reason
for this was that FCP has been proven to correlate best with endoscopic improvement
(better than clinical indexes) and, therefore, is considered to be the marker of MH and
has been used as such in [? ]. Alike in the PORTO group study, significant improvement
of the intestinal permeability was not achieved during vedo treatment in our patients,
which demonstrates that deeper remission requires more time than clinical and laboratory
improvements. Moreover, data published so far show that full effect of vedo is observed
between 6 and even 14 weeks of treatment, which indicates that MH may be achieved later
than with other biologics.

Nonetheless, it is important to underline that VEO-IBD is characterized by a more
severe course than typical pediatric disease and, therefore, the outcomes of medical man-
agement may be worse [? ]. Similarly in the Porto Group study, vedo was safe and
well-tolerated by our patients—during the whole therapy only one child (1/16–6.3%) de-
veloped infection of the upper respiratory tract, and 2 patients (12.5%) complained about
arthralgia. However, we do not know whether these AEs were related to vedo.

Another multi-center study published in 2016 showing experience with vedo in
pediatric IBD has proven its effectiveness and safety in this population [? ]. In this trial
which included 58% CD and 42% UC patients with median age at vedo initiation of 14.9
(range 7–17) years, week 14 remission rates for UC and CD were 76% and 42%, respectively.
In this cohort 90% of patients had failed more than 1 anti-TNF agent. Among anti–TNF-
naive patients 80% of them experienced week 14 remission. At week 22, anti–TNF-naive
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patients had higher remission rates than TNF-exposed patients (100% versus 45%, p = 0.04).
There were no infusion reactions or serious AEs [? ].

These outcomes confirm two major observations from adults’ trials—vedo is more
effective in UC and anti-TNF-alfa naïve patients have better response to this anti-integrin
agent, which is also consistent with results of our study. This may be partially explained
by the fact that anti-TNF agents downregulate MadCAM-1 expression which may be the
reason that CD patients with previous anti-TNF exposure in the GEMINI studies required
a longer duration of vedo treatment to achieve remission [? ? ? ].

In the study by Conrad et al. evaluating outcomes of vedo therapy in severe pediatric
IBD including 21 subjects, 16 with CD, clinical response was observed in 6/19 (31.6%) of
the patients at week 6 and in 11/19 (57.9%) by week 22. There were no infusion reactions.
Vedolizumab was discontinued in 2 patients because of severe colitis, requiring surgical
intervention [? ]. These response rates are comparable to our results.

Standard dosing of vedo in adult patients is 300 mg per infusion, and no specific
guidelines exist for pediatric dosing. Children, smaller in size and weight, may require
an individualized dose. Our patients received either 150 mg or 300 mg doses of vedo
depending on their body mass—due to the younger age of participants in our study than
in other pediatric trials, and thus lower body mass, we had to adjust dosing and lower it in
the youngest children.

Recent pharmacokinetic data have demonstrated significant correlation between
higher vedo drug levels and clinical response in IBD patients which may suggest that,
alike with IFX, shortening infusion interval from 8 to 4 weeks should lead to an improved
effect [? ? ? ].

In our study intervals between vedo infusions were standard—all patients have
received the drug every 8 weeks during the maintenance phase.

A very important issue is the drug’s safety. Although GEMINI 1 revealed no difference
in AE rates between vedo and placebo, [? ] GEMINI 2 demonstrated a higher incidence of
nasopharyngitis with vedo than with placebo [12.3% vs. 8%]. [? ] The adult US VICTORY
study of 212 patients reported enteric infections (5 per 100 patient-year follow-up [PYF]),
sinopulmonary infections [4.4 per 100 PYF] and arthralgia [3.1 per 100 PYF], among other
less common AEs [? ]. Other cohorts report infections from 0% to 25%, nasopharyngitis
0–23%, arthralgia 2–20%, and one report of anaphylaxis and rash [? ? ? ].

In our study no AEs or serious infections were reported, only minor medical events
have been observed and their rate was low—3/16 (18.8%) patients had either respiratory
tract infection (1/3) or arthralgia (2/3) during the whole therapy. Therefore, vedo seems to
be very safe in children, even the youngest ones.

The limitation of our study is its retrospective design and relatively small cohort. Also,
not all patients before and after vedo commencement had their FCP assessed which made
it difficult to draw proper conclusions. However, it is still the only study that includes not
only pediatric and early onset but also VEO-IBD patients.

To summarize, VEO-IBD group that was analyzed in our study is a unique subset of
pediatric IBD patients. It is characterized by more severe course and aggressive behavior
with a high treatment failure rate to both conventional and biologic therapies. In the
majority of our patients, vedo was applied as a rescue therapy. Therefore, response and
remission rates may be lower than in older/adult patients.

5. Conclusions

Vedolizumab is safe and effective for the treatment of VEO-IBD. This anti-integrin
therapy provides improvement in patients’ nutritional state and in their laboratory param-
eters. However, achievement of MH may require more time than with other biologics due
to the drug’s delayed full effect.
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Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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characteristics after vedolizumab initiation compering to baseline. Table S3. Relationship between
vedolizumab and surgery in 3 patients who underwent surgery. Figure S1. Patients’ disease clinical
activity (PCDAI for CD and PUCAI for UC) between baseline and after vedolizumab commencement
(4th and 10th week dose). Figure S2. Values of fecal calprotectin for 8 patients tested for this marker
before and after vedolizumab commencement.
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Abstract: Extraintestinal cancers are important complications in patients with inflammatory bowel
disease (IBD). A limited number of publications are available regarding the association between IBD
and urothelial cancer. The primary outcome of our study was the comparison of the prevalence
of urothelial cancer in patients with IBD with respect to the prevalence in the general population.
Secondary outcomes were the assessment of risk factors for the onset of urothelial cancer in IBD. In a
retrospective study we examined the medical records of all patients with a confirmed diagnosis of
IBD followed in our clinic between 1978 and 2021. For each of the patients with identified urothelial
cancer, more than ten patients without cancer were analyzed. Furthermore, 5739 patients with IBD
were analyzed and 24 patients diagnosed with urothelial cancer were identified. The incidence
of urothelial cancer, compared with the incidence in the general population, was not significantly
different (0.42% vs. 0.42%; p = 0.98). Twenty-three cases were then compared (1 case was discarded
due to lack of follow-up data) against 250 controls. During the multivariate analysis, smoking
(odds ratio, OR = 8.15; 95% confidence interval, CI = 1.76–37.63; p = 0.007) and male sex (OR = 4.04;
95% CI = 1.29–12.66; p = 0.016) were found as risk factors. In conclusion, patients with IBD have a
similar risk of developing urothelial cancer compared to the general population, but males with a
history of smoking are at increased risk.

Keywords: Crohn’s disease; ulcerative colitis; malignant; neoplasm; urinary; bladder; ureter; urethra;
urothelium

1. Introduction

Inflammatory bowel diseases (IBD) are a heterogeneous group of immune-mediated
diseases of unknown etiology that can affect the digestive tract in a variable manner.
Traditionally they are grouped into two entities, Crohn’s disease (CD) and ulcerative
colitis (UC), whose differential diagnosis is based on clinical, histological, laboratory, and
endoscopic data. A third entity, unclassified IBD (IBD-U), represents a temporary diagnosis
until there are sufficient elements to define whether it is CD or UC [1].

Regarding risk factors, smoking has different effects on IBD. In CD, smoking worsens
the course of the disease, leads to a reduced response to medical therapy, and an increased
risk of exacerbations and complications, with a more aggressive disease profile and in-
creased surgery rate. The role of smoking in the onset of the disease is unclear, but the
higher incidence of CD among smokers would seem to suggest that smoking is part of
the events underlying the pathogenesis of the disease; nicotine and its derivatives can
directly influence the immune responses of the mucosa, the composition of the microbiome,
the production of pro-inflammatory cytokines, the tone of smooth muscle, and intestinal
permeability, acting at the vascular level causing coagulation [2]. The use of tobacco, on
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the other hand, seems to protect against UC and reduce its severity, although it does not
seem to improve the natural history of the disease. On the contrary, ex-smokers have a
higher risk of developing the disease, which, in these cases, is often more extensive and
more refractory to therapy than the disease in individuals who have never smoked [3].

A link between IBD and extraintestinal cancers has been observed in people with
IBD [4]. Though the mechanism behind IBD and oncogenesis is unknown, it has been
observed that inflammation not only acts as the host’s response to malignant tumors, but
also triggers carcinogenesis [5]. Furthermore, immunosuppressive medicines, which are
commonly used to treat IBD, are thought to be linked to an increased risk of malignancies
such as non-Hodgkin lymphoma, acute myeloid leukaemias, non-melanoma skin cancers,
and urinary tract cancers [6].

Tumors of urothelial tissue are neoplasms that develop at the level of the transitional
epithelium (the tissue that comes into contact with urine and covers the urinary tract
from the renal calyxes to the urethra). The bladder is the most frequent site but tumors
of the transitional epithelium may also be present in the following areas: renal calyxes,
ureters, and urethra. Bladder cancer accounts for 3% of cancers diagnosed globally and
is particularly prevalent in the Western world [7]. Tobacco is the best known of the
factors favoring the development of bladder cancer, in particular active cigarette smoking
is responsible respectively for 60% and 30% of all urothelial carcinomas in males and
females [8].

Only a limited number of publications are available in the literature regarding the
possible association between urothelial cancer and IBD with conflicting results [9,10], as
well as regarding the possible role of azathioprine as a risk factor [11,12].

The aim of our study was to evaluate the frequency of urothelial cancer in a large
series of patients with IBD and to search for possible risk factors, including medications.

2. Materials and Methods

We retrospectively reviewed the medical records of all patients with IBD followed
in the gastroenterology clinic between 1978 and 2021, with the aim of assessing the fre-
quency of urothelial cancer and comparing it with that of the general population of the
same country. Patients were included in the “IBD cohort” (Ethics Committee Approval
No. 0056924).

Inclusion criteria were:

- all patients with a confirmed diagnosis of IBD according to the indications of the
European Crohn’s and Colitis Organization (ECCO) [13];

- minimum age of 16, with no upper age limits.

Exclusion criterion was:

- lack of data on the presence of tumor comorbidities.

The primary outcome was the comparison of the frequency of urothelial cancer in
our population with respect to the data available from the AIOM (Italian Association of
Medical Oncology) guidelines for the general Italian population [14].

For each of the patients with identified urothelial cancer (cases), more than ten IBD
patients who did not develop urothelial cancer (controls) were randomly selected (alpha-
betically) from the medical records of all patients with IBD followed in the gastroenterology
clinic between 1978 and 2021.

The secondary outcomes were the assessment of risk factors for the onset of urothelial
cancer in patients with IBD.

The risk factors assessed with a univariate analysis were:

- categorical variables: sex, smoking habit, type of IBD, treatment with mesalazine,
treatment with thiopurine, treatment with anti-tumor necrosis factor (TNF), treatment
with anti-integrins, and surgical treatment for intestinal disease;
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- continuous variables: age at diagnosis of IBD, duration of treatment with mesalamine,
duration of treatment with thiopurine, duration of treatment with anti-TNF, and
duration of treatment with anti-integrins.

Statistical Analysis

The normal distribution of continuous variables was assessed using the D’Agostino–
Pearson test. Continuous variables not normally distributed were reported as median
and interquartile range (IQR), continuous variables normally distributed were reported
as mean ± standard deviation (SD). Categorical variables were reported as numbers
and percentages. The Mann–Whitney test and the chi-square test were used to compare
continuous and categorical variables, respectively. Multivariate analysis (logistic regression)
was then carried out by inserting the variables of clinical interest. A p-value of less than
0.05 was considered statistically significant. All statistical analyses were performed using
MedCalc v.18.9.1 (MedCalc Software Ltd., Ostend, Belgium).

3. Results

In the first phase, we analyzed 5739 patients followed in our clinic from 1978 to 2021,
with a confirmed diagnosis of IBD and with available data on the presence of any comorbid
tumors; of these, 24 received a diagnosis of urothelial neoplasia (0.42%). Specifically,
20 patients (83.3%) had a bladder tumor, 3 patients (12.5%) had a ureteral tumor, 1 patient
(4.2%) had no precise location available, no patient had a tumor in the urethral or kidney
pelvis. From the point of view of tumor typing, the information present was partially
incomplete and some histological information regarding the tumor was missing. According
to the data in our possession, from the point of view of tumor grading, 9 (23.1%) tumors
were infiltrating (6 tumors were pTa, 3 were pT1), and 1 (4.4%) tumor was infiltrating (pT3).
From the point of view of tumor staging, 2 (8.7%) tumors were G1, 7 (30.4%) tumors were
G2, and 2 (8.7%) tumors were G3. Comparing the frequency of urothelial cancer in our
patients affected by IBD with that of the whole Italian population, it was no different: 0.42%
in both groups (p = 0.98).

One patient diagnosed with urothelial cancer was excluded from the second phase
(case-control study) due to lack of follow-up data; 250 randomly selected control patients
were analyzed. The mean age at diagnosis of urothelial cancer in the 23 patients was
61.3 ± 13.0 years. In 6 cases (26%) the diagnosis of urothelial cancer preceded the diagnosis
of IBD (all active smokers), and in 17 cases (74%) it was subsequent. In the 17 patients in
whom the diagnosis of urothelial cancer was subsequent to that of IBD, 8.0 ± 10.1 years
elapsed between the diagnosis of IBD and the diagnosis of urothelial neoplasia.

The risk factors for developing urothelial cancer are shown in Table 1.
The frequency of urothelial cancer by gender is shown in Figure 1.
Figure 2 shows smoking habits in the 2 groups.
The age comparison at diagnosis of IBD in the 2 groups is shown in Figure 3.
No patient diagnosed with urothelial cancer received anti-integrin treatment.
In multivariate analysis, the factors that were statistically associated with the devel-

opment of urothelial cancer in the patient with IBD were male sex (odds ratio, OR = 4.04;
95% confidence interval, CI = 1.29–12.66, p = 0.016) and a history of cigarette smoking
(OR = 8.15, 95% CI = 1.76–37.63, p = 0.007). Diagnosis of CD (OR = 1.49, 95% CI = 0.53–4.19,
p = 0.44), treatment with mesalamine (OR = 0.33, 95% CI = 0.056–1.93, p = 0.22), and
treatment with thiopurines (OR = 0.57, 95% CI = 0.19–1.69, p = 0.40) were not risk factors.
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Table 1. Comparison of cases and controls.

Risk Factors Cases (n = 23) Controls (n = 250) p Value

Sex p = 0.005
Males 19 (82.6%) 131 (52.4%)

Females 4 (17.4%) 119 (47.6%)
Smoking habit p = 0.009
Active smokers 7 (33%) 56 (22.5%)
Former smokers 12 (57%) 84 (33.7%)
Never smokers 2 (9.5%) 109 (43.8%)

IBD type p = 0.19
Crohn’s disease 17 (73.9%) 154 (61.1%)
Ulcerative colitis 5 (21.7%) 93 (37.2%)

IBD-U 1 (4.4%) 3 (1.2%)
Age at diagnosis of IBD p < 0.0001

Year (median, IQR) 56.0, 40.0–64.8 32.0, 22.0–44.0
Mesalazine p = 0.02

Yes 19 (82.6%) 237 (94.8%)
No 4 (17.4%) 13 (5.2%)

Duration mesalazine p = 0.053
Months (median, IQR) 48.0, 8.25–188.25 88.5, 48.00–179.00

Thiopurine p = 0.38
Yes 5 (21.7%) 76 (30.4%)
No 18 (78.3%) 174 (69.9%)

Duration thiopurine p = 0.79
Months (median, IQR) 40.00, 18.25–60.00 31, 6.00–82.00

Anti-TNF p = 0.012
Yes 1 (4.3%) 71 (28.4%)
No 22 (95.7%) 179 (71.6%)

Surgical resection p = 0.69
Yes 8 (34.8%) 77 (30.8%)
No 15 (65.2%) 173 (69.2%)

IBD-U = inflammatory bowel disease unclassified; IQR = interquartile range; TNF = tumor necrosis factor.
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4. Discussion

Malignant tumors, both gastrointestinal and extraintestinal, are known long-term
complications in patients with IBD; in fact, the latter have a long-term risk of cancer that is
30% higher for gastrointestinal cancers and 10% for extraintestinal cancers compared to the
general population. This could be a consequence of both chronic inflammation and the con-
sequent important use of immunosuppressive drugs to control inflammation [15,16]. While
colon cancer is likely to be associated with the inflammatory state caused by intestinal
disease, regarding extraintestinal cancers the cause of the increased risk is not well-known.
Studies have found a correlation between IBD and an increased risk of a limited number of
extraintestinal cancers, such as hematological cancers and lung cancer [4,17,18]. Further-
more, patients with IBD appear to have a slightly higher risk of cancers from the prostate,
skin, liver, and biliary system [19,20]. The underlying mechanisms are not clear since tumor
etiology is more often multifactorial.

On the other hand, the possibility that chronic intestinal inflammation can be associ-
ated with tumors at the urothelial level is widely discussed in the literature. Studies on
this are few and show different results. In particular, the study by Madanchi et al. [16]
and the study by Algaba et al. [21] are single-center cohort studies and have shown a
statistically significant increase in urothelial cancer in patients with IBD. However, the first
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study evaluates 1026 patients, while the second 590, thus introducing a possible bias linked
to the small size of the selected patient cohort. In fact, these results seem isolated, while
there are more publications that do not find any association between the two diseases in
question [10,15,17,22–27].

In our study, comparing the frequency of urothelial cancer in the population with IBD
with that of the Italian population, we observed that a diagnosis of IBD is not a risk factor
for the development of urothelial neoplasm (p = 0.98). This data takes on an important
value since the relevant sample of 5739 patients on which the analysis was carried out
makes our study the largest performed on a population of patients belonging to the same
center. However, a statistically significant increased risk of tumor was found in patients
diagnosed with IBD in men (OR = 4.04; 95% CI = 1.29–12.66) and in patients with a history
of cigarette smoking (OR = 8.15; 95% CI = 1.76–37.63). Regarding the risk of urothelial
cancer in association with smoking, the study by Algaba et al. [21] found an increased risk
of urothelial cancer in smoking IBD patients, while no association was found in the study
by Madachi et al. [16].

Regarding the risk of urothelial cancer in association with CD, the study by
Kappelman et al. [15] found no increased risk (standardized incidence ratio, SIR = 1.2,
95% CI = 0.8–1.6). Conversely, in the study by Pedersen et al., there was a significant
association between CD and urothelial cancer (SIR = 2.03, 95% CI = 1.14–3.63) [4]. In our
study, despite a higher prevalence of smoking history in the CD population, the diagnosis
of urothelial cancer was not statistically significantly increased.

Important is the finding in our study of an increased frequency of urothelial cancer
in male patients with IBD. This figure is in line with that of the general population: an
increased incidence of urothelial cancer in men is known (24,000 new diagnoses in men
against 5700 diagnoses in women, in 2019) [7]. This is mainly explained by the different
incidence of risk factors in the male population, mainly with regard to smoking and
occupational exposure to carcinogens [8,28].

Some studies also reported that long-term use of immunosuppressive drugs, par-
ticularly thiopurines, in patients with IBD may increase the risk of cancer [4,15,29]. Im-
munosuppressive drugs, which are widely used for IBD treatment, are thought to be
responsible for a small increased risk of extraintestinal cancers such as non-Hodgkin’s
lymphoma, non-melanoma skin, and urinary tract cancers [6,30,31]. In this regard, it is
believed that, while the use of immunosuppressants can guarantee greater protection
from tumors in the intestine, acting on chronic inflammation and reducing the risk of
neoplastic transformation, the same effect may not be present for extraintestinal tumors,
whose pathogenesis could be different from that of chronic inflammation. In contrast, the
study by Pedersen et al. suggested a possible bias derived from increased clinical attention
in patients undergoing treatment with immunosuppressants and a greater likelihood of
being subjected to diagnostic investigations in these patients [4]. Regarding this debated
topic, our study seems to deny a possible correlation. There was no significant association
between thiopurine treatment and urothelial cancer (OR = 0.57; 95% CI = 0.19–1.69). Our
study cannot draw any conclusions regarding a possible association between the use of
anti-TNF or anti-integrins and the occurrence of urothelial tumors in patients with IBD due
to the insufficient number of patients belonging to these groups.

We want to underline data of particular interest, namely, the age at the diagnosis of
IBD in patients in the urothelial cancer group. In these cases, it was found to be 56.0 years
(IQR = 40.0–64.8). This was found to be definitely more advanced than the control group:
32.0 years (IQR = 22.0–44.0), much more in line with the epidemiological data regarding
IBD [32]. This data is not easy to interpret, but we suggest the particular characteristics
of the patients that develop urothelial cancer as a possible explanation: the patients in
question are more frequently males, smokers, and workers in industrial activities, patients
in whom a late diagnosis is perhaps more frequent for a reduced understanding of risk
factors for health and late access to health care for symptom assessment.
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From the urological point of view, the results found are in line with the epidemiological
characteristics of urothelial tumors in the general population. In our population, patients
with bladder cancer were 83.3% and patients with ureteral cancer were 12.5%; in the general
population, bladder cancer diagnoses out of total urothelial cancers are 89.9%, while those
at ureteral level are 4.4% [33]. Furthermore, the fact that 6 out of 23 patients received a
diagnosis of urothelial cancer before the diagnosis of IBD seems to shift the focus more
onto the common risk factors of the two diseases, rather than on the action of drugs for
IBD treatment.

Our study has some limitations that warrant highlighting. Data loss bias is possible
since a retrospective analysis was conducted. The long-time window may have led to
non-homogeneous data collection over time. It should be noted, however, that all patients
have been followed over the years by the same doctor (A.M.) in the same center, reducing
the possibility of having dependent operator data. Another possible bias is linked to the
presence of a smaller total population in the study compared to that of multicenter studies;
ours, however, is the widest study with data relating to a single center. Finally, data about
race, job, and family history (known risk factors of urothelial cancer) could have enriched
the study but, due to the retrospective nature, were not available.

5. Conclusions

In conclusion, our study shows that patients with IBD have a similar risk of urothelial
cancer compared to the general population. Nonetheless, smoking and being male seem
to be risk factors associated with the development of this cancer, despite the fact that
it is a single center study it should be taken into consideration. It would therefore be
useful to adopt screening methods and prevention strategies for lifestyle changes in this
specific population of male smokers with IBD. Finally, our study reassures the use of
immunosuppressants in the treatment of IBD since it does not significantly increase the
risk of developing urothelial cancer.
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Abstract: Background/Aim: Common bile duct (CBD) stone recurrence after endoscopic treatment is
a major concern as a late complication. Biliary bacterial factors and biochemical factors determine
the path of gallstone formation. The aim of this preliminary study was to investigate the microbial
profile and components of bile in patients with and without recurrent CBD stones after endoscopic
CBD stone removal. Methods: Among patients who had undergone an initial endoscopic procedure
for the removal of CBD stones and were followed up for >2 years, 11 patients who experienced at
least two CBD stone recurrences, six months after endoscopic retrograde cholangiopancreatography
(ERCP), were categorized into the recurrence group. Nine patients without CBD recurrence events
were matched. Results: Polymicrobial infections are generally seen in all patients who have biliary
sphincteroplasty. Microbial richness, measured by the numbers of operational taxonomic units
(OTUs), was reduced in the recurrence group. The microbial evenness was also significantly lower
than in the non-recurrence group. The overall microbial communities in the recurrence group
deviated from the non-recurrence group. Infection with bacteria exhibiting β-glucuronidase activity
was more frequent in the recurrence group, but there was no statistical significance. In an analysis
of the bile components, the bile acid concentration was higher in the non-recurrence group than in
the recurrence group. However, the other metabolites were not significantly different. Conclusions:
Microbiota dysbiosis and altered bacterial community assembly in bile duct and decreased bile acid
in bile juice were associated with recurrence of bile duct stone.

Keywords: gallstones; bile; microbiota; bile acids and salts

1. Introduction

Endoscopic stone removal by endoscopic retrograde cholangiopancreatography (ERCP)
is the standard treatment for patients with cholangitis caused by common bile duct (CBD)
stones. However, CBD stone recurrences after endoscopic stone removal is one of the
most problematic late complications, with the rate ranging between 3% and 24% [1–3].
The recurred CBD stone could be a burden to both the individual’s health and the social
healthcare industry.

Many factors have been suggested to be associated with CBD stone recurrence. These
factors include abnormal bile duct anatomy (e.g., dilated CBD diameter or sharp angulation
of the CBD), retrograde infection from the duodenum with anatomical changes (e.g.,
periampullary diverticulum (PAD) and manipulated ampulla), altered bile biochemical
composition, etc. [3]. Among them, the anatomical risk factors for recurrent CBD stones
cannot be changed, whereas biliary bacterial factors and biochemical factors, including bile
composition, may be correctable.

Many studies have suggested that different bacterial species and bile composition may
augment the formation of recurrent CBD stones [4–6]. Despite the importance of microbial
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inhabitants of human bile in the pathologic condition, our current knowledge is limited to
a few species of culturable bacteria that have been associated with CBD stones. However,
as multiple microorganisms coexist in the biliary tract, culture-dependent methods are
somewhat insensitive and biased for bacterial identification and are inadequate to study
the entire microbial community [7,8]. In this regard, our understanding on the exact
contribution of unculturable or difficult to culture bacteria in recurrent CBD stone formation
is very limited. Indeed, only a minor fraction (0.1 to 10%) of the bacteria can be cultivated
using standard techniques [9]. Recently, the application of next-generation sequencing
(NGS) has provided a more comprehensive understanding of the bacterial community
and expanded the microbiota detected in humans [10]. Utilizing NGS technology, a
total of 3.8 million bacterial species could be discriminated with 16S rRNA sequences
discovered from previously collected data and published studies [11]. Unlike conventional
methods for identifying microorganisms, NGS provides a comprehensive picture of the
unculturable or difficult to culture bacteria by employing bacterial universal primers. The
use of this method for the detection and differentiation of bacterial species could increase
our understanding on the role of these bacteria and the manner of their pathogenesis in
diseases. Nevertheless, there have been few such investigations that have looked into the
biliary microbiome. In addition to the importance of microbiome in CBD stone recurrence,
the role of bile composition has also not been fully elucidated.

Therefore, this study was carried out to investigate the bacterial communities in
bile using NGS and to analyze the metabolic components of bile to elucidate the role of
microbiota and bile components in CBD stone recurrence.

2. Materials and Methods
2.1. Patients and Bile Sample Collection

Patients who have been followed-up for at least 2 years after index CBD stone removal
and had at least one of the high-risk factors for CBD stone recurrence were included in
this study. High-risk factors for CBD stone recurrence were as follows: maximum CBD
diameter > 15 mm, CBD angle ≤ 145◦, and the presence of periampullary diverticulum
(PAD) [12]. Patients included in this study had undergone cholecystectomy at the time
of index ERCP since they presented with both GB and CBD stones. These patients were
divided up into two groups according to the history of CBD stone recurrence. Patients who
belonged to the recurrence group were those who had at least 2 episodes of recurrences
during the follow-up period. The non-recurrence group was defined as those who had
no recurrence event during the follow-up period. A recurred CBD stone was defined as a
particle with a diameter greater than 3 mm which took on the shape of a stone. CBD stones
that were found and removed within 6 months after index ERCP were not considered
as recurrent stones but as residual stones due to incomplete CBD stone clearance. Only
those detected after 6 months following endoscopic CBD stone removal were regarded as
recurrent stones [3]. Of the aforementioned patients, 20 who agreed to undergo surveillance
endoscopic retrograde cholangiopancreatography (ERCP) procedures to check for CBD
stone recurrence were enrolled. All patients were asymptomatic at the time of surveillance
ERCP without clinical evidence of biliary tract infection, and had not taken antibiotics nor
proton pump inhibitors for at least 3 months prior to bile sample collection.

From these 20 subjects, a total of 20 bile samples (11 from the CBD stone recurrence
group and 9 from the non-recurrence group) were collected during scheduled surveillance
ERCP from September 2018 to August 2019. After advancing the side-viewing endoscopes
(TJF240/JF-260V; Olympus Optical, Tokyo, Japan) into the duodenum 2nd portion and
facing the papilla enface, the cannulation catheter was passed through the working channel
and inserted into the CBD through the manipulated ampulla. Two to five milliliters of the
patients’ bile aspirates from bile duct were sucked out via the catheter before the injection
of contrast agent for ERCP procedure. A portion of the sample was stored at −80 ◦C for
NGS analysis and the remainder was stored at room temperature for analysis of bile juice
components. Afterwards, dye was injected to evaluate for the presence of CBD stones
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and removed when present. CBD stones were broadly classified as being cholesterol or
pigment stones (black or brown) based on their characteristic external appearance by gross
inspection [13], and all recurred CBD stones were brown pigment stones.

This study was approved by the Institutional Review Board of Korea University
Ansan Hospital (No. 2018AS0208) and the research was conducted in accordance with the
Declaration of Helsinki. All patients provided written informed consent upon enrollment.

2.2. Next-Generation Sequencing of Bacterial 16s rRNA Fragments in Bile Samples

To analyze the bacterial community, the V3/V4 regions of the 16S rRNA gene of DNA
extracted from the bile samples were amplified, sequenced, and analyzed. The extraction
method for bacterial DNA was performed by using a PowerMax Soil DNA Isolation Kit
(MO BIO). Each sequenced sample was prepared according to the Illumina 16S Metage-
nomic Sequencing Library protocols to amplify the V3 and V4 regions (519F-806R). The
DNA quality was measured by PicoGreen and NanoDrop. Input genomic DNA (10 ng)
was PCR amplified. The barcoded fusion primer sequences used for amplifications were
as follows: 341F: 5′ CCTACGGGNGGCWGCAG 3′, and 806R: 5′ GACTACHVGGGTATC-
TAATCC 3′ containing forward overhang adapter pair. The final purified product was
then quantified using qPCR according to the qPCR Quantification Protocol Guide (KAPA
Library Quantification kits for Illumina Sequencing platforms) and qualified using the
LabChip GX HT DNA High Sensitivity Kit (PerkinElmer, MA, USA). Then, the paired-end
(2 × 300 bp) sequencing was performed by the Macrogen using the MiSeq™ platform
(Illumina, San Diego, CA, USA).

The operational taxonomic units (OTUs) were generated to calculate the number of
microbial species in the bile. In order to compare the bacterial community richness of bile
between the two groups, observed OTU-based analyses (OTU richness and Chao 1) were
performed. OTU richness is the number of bacterial species observed in each individual
sample. Chao 1 represents species richness estimators of the expected OTUs present in a
group. As Chao 1 measures OTUs expected in samples, given all the bacterial species that
were identified in the samples, Chao1 gives more weight to the low abundance species.
To determine α-diversity, the Shannon diversity index and the inverse Simpson index
were used. The Shannon diversity index is a quantitative measure that shows how evenly
the basic individuals are distributed by taking into account and reflecting the number
of different species in each sample; a high Shannon diversity index signifies evenness,
whereas a low Shannon diversity index denotes unevenness. The Simpson index measures
the degree of concentration or dominance of certain species in a sample. Therefore, the
inverse Simpson index is an indicator of how evenly the species are distributed; a high
inverse Simpson index implies evenness or a lack of dominance, and a low inverse Simpson
index suggests unevenness or the presence of dominance. Evaluation of β-diversity, which
analyzes community similarity, was performed by calculating pairwise distances using the
phylogenetic metric UniFrac.

2.3. Composition of Bile

The bile samples were analyzed for composition of bile, including electrolyte, total
bilirubin, total bile acid, cholesterol, phosphorus and Ca2+. Total bilirubin concentration
was measured in aliquot on a Cobas 8000 C702 (Roche Diagnostics System, Switzerland).
pH, sodium, potassium, chloride, phosphorus, and calcium estimations were carried out on
a cobas 8000 ISE (Roche Diagnostics System, Switzerland) using an ion-selective electrode
method. For measuring cholesterol and triglycerides, bile was diluted one to five times with
methanol and the protein precipitate was removed by centrifugation. The methanol was
then evaporated and the residue was taken for analysis. The cholesterol and triglycerides
were analyzed by photometric analysis on a Cobas 8000 C702 (Roche Diagnostics System,
Switzerland). Total bile acids were also measured with an enzymatic method on a Roche
cobas 8000 C702 analyser.
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2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 20.0 (IBM,
Armonk, NY, USA). The continuous variables were compared using the Student’s t-test.
Fisher’s exact test was used to analyze the categorical variables. The sequences generated
from pyrosequencing were analyzed with variable software for pre-processing (quality-
adjustment, barcode split), identification of OTUs, taxonomic assignment, community
comparison, and statistical analysis. The FASTP program was used to remove the adapter
sequence, and error-correction was performed for areas where the two reads overlap.
The paired-end data, separated by each sample, was assembled in one sequence using
FLASH (v. 1.2.11). To ensure that any subsequent analysis was highly accurate, sequences
shorter than 400 bp were discarded. By using CD-HIT-OTU, after removing the low-quality
sequence, ambiguous reads, chimera reads, etc., which are based on errors, the filtered
reads were clustered by identity as OTUs at 97% similarity. The representative sequence of
each OTU was performed by BALSTN (v. 2.4.0) to the NCBI 16S Microbial DB, performing
a taxonomic assignment with the organism information of the most similar subject. The
taxonomy is not assigned if the query coverage and identity score matched to the reference
are less than 85%. Community diversity was estimated by using the Shannon and inversed
Simpson indexes. The weighted UniFrac distance method was used to perform a principal
coordinates analysis (PCoA), and trees were built by the unweighted-pair group method
with arithmetic mean (UPGMA).

3. Results
3.1. Baseline Characteristics

The mean age of the patients was 62.3 ± 16.6 years (range, 29 to 83 years) and 9 (45.0%)
patients were female. The anatomical risk factors for recurrent CBD stones, including CBD
diameter, presence of PAD, and angulation of the bile duct ≤ 145◦, were not statistically
different between the two groups (Table 1).

Table 1. Baseline characteristics.

Recurrence Group
(N = 11)

Non-Recurrence Group
(N = 9) p-Value

Age,
median years (min-max) 62 (32–78) 63 (29–83) 0.12

Gender, male (%) 6 (66.6) 5 (62.5) 0.45
BMI,

median kg/m2(min-max) 22.6 (17.6–29.0) 22.5 (16.2–29.4) 0.45

CBD diameter
(mm, mean ± SD) 17.7 ± 2.5 17.8 ± 2.2 0.89

Angulation of bile duct
(≤145◦) (N, %) 1 (11.1) 0 0.85

PAD (N, %) 0.20
I 2 1
II 5 4
III 2 3

CBD, common bile duct; BMI, body mass index; PAD, periampullary diverticulum.

3.2. Richness of Microbiota in Bile

A total of 303 bacterial species were identified from 20 bile samples. The average OTU,
obtained by calculating the mean values after counting the number of observed OTUs in
each sample, was reduced in the 11 individuals with CBD stone recurrence compared to
the 9 with non-recurrence (29.6 ± 3.6 vs. 60.4 ± 11.6, p = 0.0005, Wilcoxon rank-sum test;
Figure 1a). The expected total number of OTUs for each group, as estimated by the Chao1
estimator, was also considerably lower in the recurrence group than in the non-recurrence
group (29.8 ± 3.5 vs. 60.5 ± 11.6, p = 0.005, Wilcoxon rank-sum test; Figure 1b).
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Figure 1. Comparison on richness of microbiota in bile. Microbiota richness, represented as the
number of (a) observed operational taxonomic units (OTU) and (b) Chao 1, was reduced in the
recurrent CBD stone group (n = 11) compared with the non-recurrence group (n = 9).

3.3. Diversities of Microbiota in Bile

The α-diversities of bile samples, as measured by the Shannon diversity index and
the inverse Simpson index, were significantly lower in the recurrence group than those
of the non-recurrence group samples. The Shannon index, which reflects equal microbial
proportional abundance in a species, was lower in the recurrence group compared to
the non-recurrence group (0.65 ± 0.36 vs. 3.12 ± 0.45, p = 0.027, Figure 2a), signifying
that microbial proportional abundance was uneven in the recurrence group. The inverse
Simpson index, which is another way of quantifying the evenness of a species, was also
lower in the recurrence group compared to the non-recurrence group (0.46 ± 0.10 vs.
0.75 ± 0.06, p = 0.036, Figure 2b), meaning that certain species were more dominant than
other species in the recurrence group. According to the Shannon index and inverse Simpson
index, the diversity index was statistically higher in the bile of the non-recurrence group
than that obtained in the patients with recurrent CBD stones.
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3.4. Microbial Community Similarity

The unweighted UniFrac distance metric, which measures the similarity in the micro-
bial communities of the bile samples (β-diversity), revealed an overall microbial composi-
tion difference between the two groups (unweighted UniFrac, PERMANOVAR, pseudo-F:
1.655, p = 0.05, Figure 3). This result indicates that the microbiome clustering in the
recurrence group was different from that of the non-recurrence group.
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3.5. Microbiome

At the phylum level, Bacteroidetes spp. were significantly decreased in the recurrence
group, whereas Actinobacteria and Firmicutes spp. were over-represented in the recurrence
group relative to the non-recurrence group (Table 2). At the genus level, three bacterial
taxa displayed significantly different abundance between the recurrence group and the
non-recurrence group. The three genera, Neisseria, Capnocytophaga, and Gemella, were
enriched in the non-recurrence group. Conversely, E. coli, Enterococcus spp., Klebsiella
spp., Acinetobacter spp., Streptococcus spp., and Staphylococcus, which exert β-glucuronidase
activity, were more frequent in the recurrence group, even though there was no statistical
difference (Table 3).

Table 2. List and relative proportion of phylum identified by next-generation sequencing.

Phylum
Recurrence Group Non-Recurrence Group

p-Value
Mean Proportion SEM Mean Proportion SEM

Euryarchaeota <0.001 <0.001 0.001 0.001 0.345
Actinobacteria 0.024 0.005 0.009 0.003 0.048
Bacteroidetes 0.074 0.045 0.188 0.066 0.042
Chloroflexi <0.001 <0.001 0.002 0.003 0.345

Cyanobacteria 0.001 0.002 <0.001 <0.001 0.084
Deinococcus <0.001 <0.001 0.001 0.001 0.346
Firmicutes 0.384 0.105 0.178 0.027 0.038

Fusobacteria 0.009 0.006 0.021 0.017 0.311
Gemmatimonadetes <0.001 <0.001 0.001 0.001 0.345

Proteobacteria 0.504 0.121 0.568 0.094 0.814
Spirochaetes <0.001 <0.001 0.001 0.001 0.345
Synergistetes <0.001 <0.001 0.008 0.008 0.409
Tenericutes <0.001 <0.001 <0.001 <0.001 0.999
Unassigned 0.001 <0.001 0.017 0.013 0.411

SEM, standard error of the mean.
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Table 3. List and relative proportion of genus identified by next-generation sequencing.

Genus
Recurrence Group Non-Recurrence Group

p-Value
Mean Proportion SEM Mean Proportion SEM

Neisseria 0.001 0.001 0.162 0.021 0.008
Capnocytophaga 0.001 0.001 0.137 0.004 0.025

Gemella <0.001 <0.001 0.075 0.003 0.041
Rothia <0.001 <0.001 0.003 0.001 0.052

Haemophilus 0.041 0.011 0.046 0.033 0.075
Streptococcus 0.132 0.102 0.029 0.009 0.091

Klebsiella 0.134 0.049 0.049 0.026 0.162
Enterococcus 0.033 0.006 0.006 0.003 0.191
Clostridium 0.044 0.029 0.059 0.029 0.201

Pseudomonas 0.081 0.023 0.073 0.048 0.746
Staphylococcus 0.003 0.002 0.002 0.001 0.807
Acinetobacter 0.002 0.001 0.001 0.001 0.957
Lactobacillus 0.034 0.034 0.001 0.001 0.999
Citrobacter 0.163 0.126 0.014 0.009 0.999
Escherichia 0.320 0.123 0.282 0.107 0.999
Aeromonas 0.001 0.001 0.007 0.006 0.473

Fusobacterium 0.009 0.007 0.028 0.018 0.245
Unassigned 0.001 <0.001 0.017 0.013 0.411

SEM, standard error of the mean.

3.6. Bile Composition

Bile acid concentration was higher in the non-recurrence group than in the recurrence
group (254.51 ± 82.0 mmol/L vs. 147.1 ± 64.2 mmol/L, p < 0.01). Neither the pH values
nor Ca2+ showed statistical differences between the bile samples of both groups (Table 4).

Table 4. Bile metabolic profile.

Recurrence Group
(N = 11)

Non-Recurrence Group
(N = 9) p-Value

pH 7.8 ± 0.2 7.95 ± 0.4 0.85
Total nucleated cell count 12 ± 5 22 ± 10.4 0.07
Total bilirubin (mg/dL) 37.5 ± 63.5 27.7 ± 80.7 0.85

Cholesterol (mg/dL) 28.1 ± 50.7 34.2 ± 62.1 0.32
Bile acid (mmol/L) 147.1 ± 64.2 254.5 ± 82.0 <0.01

Phospholipid (mg/dL) 324 ± 272 454 ± 350 0.25
Ca2+ (mg/dL) 7.7 ± 4.4 5.5 ± 2.2 0.65

CBD, common bile duct.

4. Discussion

In the present study, 16S rRNA gene profiling analysis using NGS allowed us to
observe the difference in bile microbiota composition between the CBD stone recurrence
group and the non-recurrence group. Although the sample size (N = 20) might not be large
enough to generalize the results, the two groups significantly differed in terms of richness
and evenness in this preliminary study. The number of species was decreased and the
dominance of certain species was present in the bile samples of the recurrence group. On
the other hand, all types of species were equally abundant, with no specific species being
predominant in the bile samples of the non-recurrence group. In addition, the difference in
species composition and clustering between the two groups were also shown.

Recent progress in understanding the symbiosis of human microbiota revealed an
important role in immune homeostasis [14,15]. A balance of these commensal microbial
species is probably required to prevent infection with pathogens and pathological inflam-
mation. However, this dynamic equilibrium can be altered at any time by environmental
factors and external interferences. These microbial alterations and imbalances with de-
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creased richness and diversity in the pathologic condition group is a phenomenon called
dysbiosis [16]. There is increasing evidence that the dysbiosis of a microbiome is linked
to many gastrointestinal and systemic diseases. An experimental study reported that
chemical- and pathogen-induced intestinal inflammation resulted in the loss of micro-
bial density and diversity and led to the proliferation of Gram-negative bacteria which
possess β-glucuronidase activity in the intestine [17]. A balance of the microbial species
in bile is probably also required to prevent infection with pathogens and pathological
inflammation related to the formation of gallstones [10]. Thus, it could be speculated that
bacterial dysbiosis with the loss of microbial richness and diversity in bile could lead to
inflammation of the bile duct, in favor of biofilm formation with resultant proliferation of
bacteria with β-glucuronidase activity. In fact, a notable dysbiosis of the bile microbiome,
including decreased richness and diversity in the bile of the recurrence group, was found
in the current study. Furthermore, the finding that E. coli, Enterococcus spp., Klebsiella spp.,
Pseudomonas spp., Acinetobacter spp., Streptococcus spp., and Staphylococcus, which exert
β-glucuronidase activity, were more frequent in the recurrence group additionally supports
the validity of the speculation of this study.

Whereas the abovementioned bacteria were more frequently found in the recurrence
group, bacteria in the genera Neisseria, Gemella, and Capnocytophaga were expressed more
frequently in the non-recurrence group. All of these three bacteria are part of the normal
oral flora associated with periodontitis and dental plaque [18]. There is very little informa-
tion about the possible clinical significance on the protective role of these bacteria in the
formation of biliary stones. Further studies using molecular techniques will be needed and
may provide new insights into the pathophysiology of bile duct stone formation and the
involvement of microbes or their metabolites in this process.

In addition to differences in the microbiome, the bile component analysis also showed
that the two groups had different metabolic profiles with respect to bile acid. Bile acids act as
detergents and have an important role in solubilizing dietary lipids and fat-soluble vitamins
to facilitate their absorption in the small intestine [19]. Previous studies have shown that
decreased concentration of bile salts in the bile diminishes the micellar solubilization of
bilirubin, as well as cholesterol, favoring the formation of brown pigment stones [20,21].
In addition to their role in the digestion of lipids, bile acids generally inhibit bacterial
growth in the small intestine as a major regulator of the gut microbiota, and prevent
retrograde bacterial infections in the CBD [22]. Bile acids themselves can also modulate
the composition of the microbiota in the bile duct, directly or indirectly, through the
activation of the innate immune system [23,24]. Inflammation in the bile duct could induce
oxidative stress in harmful microbiomes, which is related to the formation of gallstones
through specific enzymatic activities or the production of biofilm [25,26]. Conversely, other
studies have shown that gut microbiota has profound effects on bile acid metabolism and
secondary bile acid production [27,28]. The alteration of gut microbiome could change the
composition of the bile acid pool with the regulation of secondary bile acid metabolism
and inhibition of bile acid synthesis by alleviating FXR inhibition in the ileum [28,29]. Since
it seems to be a chicken-and-egg question, to further explore the bile acid functionality,
study on the bile acid-bacteria-host interplay at the pathway level would be necessary.

The strength of this study is that microbiological identification of unculturable or
difficult to culture bacteria was enhanced using recent advancements in NGS. However,
there have been few extensive NGS-based research studies on bile samples. While a recent
study focused on the relationships among gut microbiota, bile acids, and cytokines in
blood and stool samples of patients with cholangiocarcinoma [30], our study revealed the
complexity and specificity of the biliary microecology and metabolites in bile samples of
patients with recurrent CBD stones. Therefore, in addition to gaining a better understanding
of the disease processes of pathogens, the knowledge gained from this bile research may
ultimately lead to the design of new antimicrobial treatments or assist in the development
of improved probiotic strains and supplementation of bile acid composition in the future.
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Although the abovementioned investigations attempted to provide a comprehensive
insight into the potential contribution of the microbiome and metabolic component in bile
related to CBD stone recurrence, several limitations need to be addressed. First, aspirated
bile samples contain floating bacterial species but cannot detect sessile bacterial popula-
tions adhering to the mucosa or those residing in the biofilm. However, since a study
demonstrated that bacteria in the bile fluid almost always coincided with the presence
of bacteria on the bile duct wall [31], bacteria species floating in bile may sufficiently
reflect the total microbial environment of biliary tract. Nevertheless, additional bile duct
tissue biopsies can be expected to reveal more accurate microbial communities in the CBD.
Second, despite the fact that this study elucidated aspects of the richness and diversity
of the biliary microbiota related to recurrent CBD stones by 16S sequencing, a more com-
prehensive understanding of biliary bacterial function and the microbe–host interaction
would require further investigation by methods such as whole-metagenome shotgun se-
quencing, metatranscriptomic, metametabolomic, and metaproteomic technologies. Third,
even though a specific profile of bile salts and their concentrations appear to be key factors
in lithogenic potency, exploration on the composition of individual bile salts in the bile was
not performed in this study.

In conclusion, polymicrobial infections were seen in all study subjects who underwent
ampullary manipulations during ERCP. The patients with recurrent CBD stones showed
microbial dysbiosis with a significant reduction in microbial richness and diversity in the
bile. The bile composition was also dissimilar between the two groups. A significant
difference in the concentration of bile acid was also found between the recurrence group
and non-recurrence group. Although the results of this study are preliminary in nature
and require confirmation, microbiota dysbiosis and altered bacterial community assembly
in bile duct, and decreased bile acid, were associated with recurrence of bile duct stones.
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Abstract: In patients with chronic hepatitis B (CHB) under long-term treatment with nucleso(t)ide
analogues (NAs), the loss of hepatitis B surface antigen (HBsAg) is a rare event. A growing body
of evidence supports the use of quantitative HBsAg for the prediction of functional cure, although
these results are mainly derived from studies performed on Asian patients with hepatitis B e antigen
(HBeAg)-positive CHB. Here, we investigated the clinical role of quantitative HBsAg in a real-
life cohort of CHB patients under treatment with NAs in a tertiary care center from North-West
Italy. A total of 101 CHB patients (HBeAg-negative, n = 86) undergoing NAs treatment were
retrospectively enrolled. HBsAg was measured at baseline (T0), 6 months (T1), 12 months (T2)
and at the last follow-up (FU). Median FU was 5.5 (3.2–8.3) years; at the end of FU, 11 patients
lost the HBsAg (annual incidence rate = 1.8%). Baseline HBsAg levels were significantly different
between patients with no HBsAg loss and those achieving a functional cure (3.46, 2.91–3.97 vs. 1.11,
0.45–1.98 Log IU/mL, p < 0.001). Similarly, the HBsAg decline (∆) from T0 to T2 was significantly
different between the two groups of patients (0.05, −0.04–0.13, vs. 0.38, 0.11–0.80 Log IU/mL,
p = 0.002). By stratified cross-validation analysis, the combination of baseline HBsAg and ∆HBsAg
T0–T2 showed an excellent accuracy for the prediction of HBsAg loss (C statistic = 0.966). These results
corroborate the usefulness of quantitative HBsAg in Caucasian CHB patients treated with antivirals
for the prediction of HBsAg seroclearance.

Keywords: antiviral therapy; biomarker; chronic liver disease; HBsAg; HBV

1. Introduction

Hepatitis B virus (HBV) infection is a major health problem [1]. Globally, 257 million
people are chronically infected with the virus (estimated prevalence: 3.7%) [2]. However,
the epidemiological scenario varies greatly across different geographic regions, mainly due
to different socioeconomic conditions and an uneven vaccination coverage [3,4]. In Italy,
the prevalence of chronic HBV infection progressively declined in native Italians since the
implementation of compulsory vaccination in 1991 [5]. It has then remained stable due to
the input of new infections brought by HBV-infected immigrants [6,7]. To date, the clinical
presentation of CHB shifted toward older ages and more severe diseases [8].

Therapeutic strategies for CHB include finite treatment with pegylated-interferon
(PEG-IFN) and indefinite treatment with nucleos(t)ide analogues (NAs) [9]; the latter allows
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an effective suppression of viral replication, normalization of alanine aminotransferase
(ALT) and thus the prevention of liver disease progression [10]. Despite the low cumulative
rate of hepatitis B surface antigen (HBsAg) loss (i.e., functional cure), international guide-
lines recommend long-term administration of NAs with a high genetic barrier to resistance
regardless of liver disease severity [11]. Consistently, previous Italian series showed that
NAs therapy was the treatment of choice, not only in IFN-experienced CHB patients but
also as first-line approach [12–14].

In the last decade, the measurement of serum HBsAg in patients undergoing NAs
treatment gained growing relevance for the prediction of HBsAg clearance [15]. Low pre-
treatment HBsAg levels were significantly associated with HBsAg loss, particularly in
hepatitis B e antigen (HBeAg)-positive patients [16]. Furthermore, several pieces of evi-
dence suggest that on-treatment HBsAg decline was able to predict HBsAg seroclearance,
both in HBeAg–positive and –negative patients [17–19]. However, these results predomi-
nantly derive from studies involving Asian patients infected with genotypes B and C. To
date, in HBeAg–negative Caucasian patients under long-term treatment with NAs, the
predictive value of HBsAg kinetic is less clear [20,21].

The aim of the present study was to investigate the clinical role of quantitative HBsAg
in a real-life cohort of CHB patients under treatment with NAs in a tertiary care center
from North-West Italy.

2. Materials and Methods
2.1. Patients

This observational study included patients with CHB that underwent treatment with
NAs retrospectively recruited at the outpatient clinic of the Unit of Gastroenterology
of Città della Salute e della Scienza di Torino–Molinette Hospital, Turin, Italy, between
November 2011 and June 2020.

The inclusion criteria included age of ≥18 years, HBsAg–positivity for at least 6 months
and having received at least 18 months of consecutive NAs treatment. An additional in-
clusion criterion was the availability of HBsAg measurement during NAs administration
according to the following minimum schedule: baseline (T0), 6th month (T1), 12th month
(T2) and last follow-up (FU). No restriction was set concerning previous NAs or IFN-based
treatment. Patients were censored in case of death, loss to FU and HBsAg clearance. We
excluded patients co-infected with hepatitis C virus or hepatitis D virus (HDV) and those
with human immunodeficiency virus infection, patients with a diagnosis of hepatocellular
carcinoma, patients receiving NAs as prophylaxis for the risk of HBV reactivation and
those with no signed informed consent.

2.2. Study Endpoint

The endpoint of the study was the comparison of baseline HBsAg values and HBsAg
kinetics between patients that achieved a functional cure during NAs treatment and those
still HBsAg-positive at the last FU.

2.3. Definitions

Functional cure was defined as HBsAg loss, with or without anti-HBs seroconversion.
Virologic response was defined as the sustained suppression of HBV DNA to undetectable
levels. Biochemical response was defined as the sustained ALT normalization (upper limit
of normality, ULN = 40 IU/L) [11].

2.4. Data Collection

A specific database was prepared for the collection of demographic, biochemical,
virologic and clinical variables relevant to the study. As per the standard of care, all patients
underwent a periodical liver ultrasound examination and esophagogastroduodenoscopy
according to their stage of liver disease. The presence of cirrhosis was assessed by liver
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biopsy, liver elastography (FibroScan®, Echosens™, Paris, France) or by hepatic ultrasound
features and endoscopic signs of portal hypertension [11,22].

2.5. Serology and Virology

All the serologic and virologic diagnostics were performed at the centralized refer-
ence laboratory of Molinette Hospital. In particular, the ARCHITECT-QT assay (Abbott
Diagnostics, Abbott Park, IL, USA) was used for the measurement of HBsAg in serum [23].
Plasma HBV DNA was detected and quantified with the COBAS/AmpliPrepCOBAS
TaqMan HBV assay, version 2.0 (Roche Molecular Diagnostics, Branchburg, NJ, USA) [24].

2.6. Statistical Analysis

Data were reported using the median and interquartile range (IQR) or the number
and percentage for continuous and categorial variables, respectively. Data normality was
checked by the D’Agostino-Pearson test. Comparison between unpaired groups was
performed by the Mann-Whitney test for continuous variables and by the Fishers’ Exact
test or chi-squared test for categorical variables. For paired analysis, we used the Wilcoxon
or McNemar test for continuous or categorical data, respectively.

Predictiveness was evaluated by Harrell’s concordance index (C-index) and the area
under the curve (AUC) of the receiver operating characteristic (ROC) curve. The ROC curve
was computed considering events that took place within 10 years and individuals were
censored after more than 10 years from the recruitment (10 and 13 individuals, respectively).
Cut-off values with maximal Youden J statistics were selected from such curve.

Survival analysis was carried out according to the Kaplan-Meier method using the
previously selected cut-off values; survival curves were compared using the log-rank
test. Multivariate Cox regression analysis was used to evaluate the association between
selected variables and the outcome; the strength of the association was reported as a hazard
ratio (HR) and a 95% confidence interval (CI). C-index and AUC of the Cox model were
estimated using cross-validation (5 splits and shuffling samples 20 times). Confidence
intervals at a 95% confidence level have been estimated by bootstrapping 1000 times.

A two-tailed p value < 0.05 was considered statistically significant. All the statistical
analyses were performed using MedCalc software, version 18.9.1 (MedCalc bvba, Os-tend,
Belgium) and the Python packages scikit-learn (version 0.24.2) and scikit-survival (0.15.0).

3. Results
3.1. Characteristics of the Patients Included in the Study

The clinical records of 171 patients with CHB were screened. A total of 101 (59%) pa-
tients were included in the study. Twenty-nine patients were excluded due to chronic HDV
infection (anti-HDV-positive/HDV RNA-positive), while 32 patients had a diagnosis of
HBeAg–negative chronic infection (i.e., inactive carriers; persistent HBV DNA < 2000 UI/mL
and ALT < 40 IU/mL) [11]. Another group of 9 patients had no indication of antiviral
treatment due to intermediate HBV DNA levels (2000–20,000 IU/mL), persistently normal
ALT and no or mild liver fibrosis (grey zone) [25]. The baseline characteristics of the
patients enrolled are reported in Table 1.

The baseline median age was 56 (32–79) years and the male to female ratio was 69/32.
Most patients were Caucasian (n = 98; 97%); 79 from Italy and 19 from East Europe. Nine (9%)
patients were obese and 7 (7%) patients admitted alcohol abuse. Only 6 (6%) patients had type
2 diabetes requiring therapy while 29 (29%) had a diagnosis of hypertension. The principal risk
factor for HBV infection was intrafamily exposure (n = 46; 46%), followed by hospitalization
(n = 19; 19%) and sexual exposure (n = 5; 5%).

Only 18 (18%) patients had a diagnosis of cirrhosis. In one patient, the disease was
complicated by ascites, while 6 (6%) patients showed esophageal varices at endoscopic
examination. Consistently, biochemistry indicated an overall preserved liver function.
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Table 1. Baseline characteristics of the overall cohort of patients included in the study and according to HBsAg loss.

Characteristics Overall No HBsAg-Loss Functional Cure p Value

Patients, n 101 90 11
Age (years), median (range) 56 (32–79) 57 (32–79) 56 (32–72) 0.624

Male gender, n (%) 69 (68%) 62 (69%) 7 (64%) 0.739
Nationality

Italian, n (%) 79 (78%) 71 (79%) 8 (73%) 0.643
East Europe, n (%) 19 (19%) 16 (18%) 3 (27%)

Other, n (%) A 3 (3%) 3 (3%) 0
Risck factors for HBV infection

Family exposure, n (%) 46 (46%) 42 (47%) 4 (36%) 0.75
Sexual exposure, n (%) 5 (5%) 4 (4%) 1 (9%) 0.445
Hospitalization, n (%) 19 (19%) 15 (17%) 4 (36%) 0.212
Tattoo/Piercing, n (%) 1 (<1%) 1 (1%) 0 1

IVDU, n (%) 1 (<1%) 1 (1%) 0 1
Comorbidities

Alcohol abuse, n (%) B 7 (7%) 6 (7%) 1 (9%) 0.566
Obesity, n (%) C 9 (9%) 9 (10%) 0 0.592

T2DM, n (%) 6 (6%) 5 (6%) 1 (9%) 0.09
Hypertension, n (%) 29 (29%) 27 (30%) 2 (18%) 0.505

Cirrhosis, n (%) 18 (18%) 15 (17%) 3 (27%) 0.408
Ascites, n (%) 1 (<1%) 1 (1%) 0 1

Esophageal varices, n (%) 6 (6%) 5 (6%) 1 (9%) 0.509
Serology

HBsAg (Log IU/mL), median (IQR) 3.25 (2.85–3.88) 3.35 (2.91–3.95) 1.11 (0.45–1.98) <0.001
HBV DNA (Log IU/mL), median (IQR) 3.45 (1.91–5.63) 3.86 (2.10–6.25) 3.15 (1.57–4.21) 0.13

HBeAg+/anti-HBe+ 15/86 14/74 10-1 1
Biochemistry

ALT (IU/L), median (IQR) 34 (21–68) 32 (21–67) 35 (17–78) 0.87
AST (IU/L), median (IQR) 29 (21–52) 30 (21–53) 24 (17–51) 0.249
γGT (IU/L), median (IQR) 24 (16–39) 24 (16–39) 19 (11–47) 0.33
ALP (IU/L), median (IQR) 65 (57–87) 65 (57–83) 81 (55–158) 0.519

Total bilirubin (mg/dL), median (IQR) 0.7 (0.6–0.9) 0.7 (0.5–0.9) 0.9 (0.7–1.3) 0.077
Albumin (g/L), median (IQR) 4.5 (4.2–4.7) 4.4 (4.1–4.7) 4.5 (4.3–4.7) 0.366

Platelet count (x109/L), median (IQR) 181 (133–227) 185 (140–227) 154 (111–225) 0.235
Previous IFN treatment, n (%) 44 (44%) 41 (46%) 4 (36%) 0.75
Previous NAs treatment, n (%) 61 (60%) 53 (59%) 8 (73%) 0.519

Duration of previous NAs (years), median (IQR) 6 (3–10) 6 (3–10) 6 (1–12) 0.602
A 2 patients were Asian, 1 was African and 1 was South American. B >140 g/week for woman and >210 g/week for men. C body mass
index ≥ 30 kg/m2. Comparison between continuous variables was performed by the Mann-Whitney test. Comparison between categorical
variables was performed by the Fisher’s exact test (dichotomous variables) or chi-squared test (non-dichotomous variables). Abbreviations–
alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (γGT),
hepatitis B e antigen (HBeAg), hepatitis B surface antigen (HBsAg), hepatitis B virus (HBV), interferon (IFN), interquartile range (IQR),
intravenous drug use (IVDU), number (n), nucleos(t)ide analogues (NAs), type 2 diabetes mellitus (T2DM).

The majority of patients were anti-HBe-positive at baseline (n = 86; 85%); median HB-
sAg and HBV DNA levels were 3.25 (2.85–3.88) Log IU/mL and 3.45 (1.91–5.63) Log IU/mL,
respectively. Forty-four (44%) patients were IFN-experienced while 61 (60%) patients re-
ported previous NAs therapy. Median FU was 5.5 (3.2–8.3) years; 69 (68%) underwent
antiviral treatment with entecavir (ETV), while 32 (32%) with tenofovir disoproxil fumarate
(TDF). All the treated patients (100%) achieved virologic response, while 98 (97%) achieved
biochemical response. At the end of FU, 11 patients achieved a functional cure (annual
incidence rate = 1.8%). The loss of HBsAg was accompanied by seroconversion to anti-HBs
in 3/11 (27%) patients (anti-HBs titers: 749 IU/mL, 138 IU/mL, and 124 IU/mL). No differ-
ences were observed in treatment duration between patients achieving a functional cure
(7.5, 4.3–8.5 years) and those with no HBsAg loss (5.5, 2.9–8.2 years) (p = 0.433).
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3.2. Comparison between Patients with or without HBsAg-Loss

No significant differences were observed between patients achieving a functional cure
and those without HBsAg loss regarding demographic and clinical characteristics (Table 1).
At baseline, median HBsAg values were significantly lower in patients that achieved a func-
tional cure compared to those still HBsAg-positive at the last FU (1.11, 0.45–1.98 Log IU/mL
vs. 3.353, 2.91–3.95 Log IU/mL, p < 0.001). No differences were observed regarding circu-
lating HBV DNA values and ALT levels (p = 0.130 and p = 0.870, respectively). We further
analyzed the kinetics of HBsAg, HBV DNA and ALT from baseline to the last FU. Interest-
ingly, we observed distinct differences according to the achievement of functional cure for
HBsAg kinetics, but not for HBV DNA and ALT (Figure 1). HBsAg, HBV DNA and ALT
values for each timepoint are reported in Table 2 (HBsAg values and kinetics are reported
in absolute numbers in Supplementary Material Table S1).
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Figure 1. HBsAg (A), HBV DNA (B) and ALT (C) kinetics in patients achieving a functional cure and those with no
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Table 2. Comparison of HBsAg, HBV DNA and ALT levels according to HBsAg loss.

Biomarker Timepoint No HBsAg-Loss Functional Cure p Value

HBsAg (Log IU/mL) T0 3.46 (2.91–3.97) 1.11 (0.45–1.98) <0.001
T1 3.39 (2.90–3.92) 0.80 (0.01–1.57) <0.001
T2 3.40 (2.95–3.89) 0.65 (0.01–1.06) <0.001

Last-FU 3.21 (2.63–3.78) 0 (0–0) <0.001
HBV DNA (Log IU/mL) T0 3.86 (2.10–6.25) 3.15 (1.57–4.21) 0.130

T1 0 (0–0) 0 (0–0) 0.273
T2 0 (0–0) 0 (0–0) 0.386

Last-FU 0 (0–0) 0 (0–0) 1.000
ALT (IU/L) T0 30 (20–67) 35 (17–78) 0.985

T1 22 (17–31) 17 (14–44) 0.445
T2 23 (17–31) 22 (15–49) 0.815

Last-FU 21 (16–28) 14 (12–21) 0.038
p values were calculated by the Mann-Whitney test. Data are reported as the median and interquartile range.
Abbreviations–alanine aminotransferase (ALT), follow-up (FU), hepatitis B virus (HBV), hepatitis B surface
antigen (HBsAg), timepoint (T).

Focusing on HBsAg, we calculated and compared the magnitude of HBsAg de-
cline (∆HBsAg) between patients achieving a functional cure and those with no HBsAg
loss. We observed no differences between the magnitude of ∆HBsAg from baseline to T1
(p = 0.082) and from T1 to T2 (p = 0.117) between the two groups of patients, while we ob-
served a significantly higher ∆HBsAg from baseline to T2 in patients achieving a functional
cure (p = 0.002) (Figure 2). Median ∆HBsAg values in patients with or without HBsAg loss
are reported in Table 3.
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Table 3. Comparison of the magnitude of HBsAg decline between patients achieving a functional
cure and those with no HBsAg loss.

Biomarker Time Interval No HBsAg-Loss Functional Cure p Value

∆HBsAg (Log IU/mL) T0–T1 0.02 (−0.02–0.10) 0.19 (−0.04–0.37) 0.082
T1–T2 0.02 (−0.01–0.09) 0.15 (0–0.27) 0.117
T0–T2 0.05 (−0.04–0.13) 0.38 (0.11–0.80) 0.002

p values were calculated by the Mann-Whitney test. Data are reported as the median and interquartile range.
Abbreviations–HBsAg decline (∆HBsAg), hepatitis B surface antigen (HBsAg), timepoint (T).

3.3. Prediction of HBsAg-Loss

We performed a ROC curve analysis to investigate the performance of baseline HBsAg
and ∆HBsAg T0–T2 to identify patients achieving functional cure in ten years. Baseline
HBsAg showed a good diagnostic accuracy (AUC = 0.877, 95%CI 0.698–0.992) for the
discrimination between patients that lost the HBsAg and those who did not; the optimal
cut-off that maximized sensitivity (Se) and specificity (Sp) was ≤2.00 Log IU/mL. ∆HBsAg
T0–T2 showed a moderate diagnostic accuracy (AUC = 0.818, 95%CI 0.589–1.000) for the
identification of patients that lost the HBsAg; the optimal cut-off that maximized Se and Sp
was >0.30 Log IU/mL. Differences between the two survival curves built from such selected
cut-offs were significant (p < 0.001) (Figure 3). Accordingly, among patients that cleared
the HBsAg, 9 out of 11 (82%) and 7 out of 11 (64%) had baseline HBsAg ≤ 2.00 Log IU/mL
and ∆HBsAg T0–T2 values >0.30 Log IU/mL, respectively. Among patients still HBsAg-
positive at the last FU, only 11 out of 90 (12%) had baseline HBsAg ≤ 2.00 Log IU/mL
and 11 out of 90 (12%) had ∆HBsAg T0–T2 values >0.30 Log IU/mL. By multivariate
Cox regression analysis, both baseline HBsAg and ∆HBsAg T0–T2 were significantly
associated to HBsAg loss (HR = 0.20, 95%CI 0.09–0.44, p < 0.001, and HR = 9.40, 95%CI
3.29–26.82, p < 0.001, respectively). The prognostic indices obtained from the combination
of both parameters were used to assess the discrimination ability of the predictive model;
remarkably, we achieved C = 0.965, 95%CI 0.883–0.996.

The score of the multivariate model can be computed by the following formula:

−1.62 ∗ (baseline HBsAg Log IU/mL) + 2.24 ∗ (∆HBsAg T0-T2 Log IU/mL)

The optimal cut-off was −1.762, which yielded again significant different survival
curves (p < 0.001) (Figure 4).
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Figure 4. Predictiveness of the model combining baseline HBsAg ≤ 2.00 Log IU/mL and ∆HBsAg
T0–T2 > 0.30 Log IU/mL for HBsAg loss. Abbreviations–HBsAg decline (∆HBsAg), hepatitis B
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4. Discussion

The results of the present study showed that the measurement of baseline serum
HBsAg and the magnitude of HBsAg decrease during treatment with third-generation NAs
are useful to identify CHB patients with a higher likelihood of achieving functional cure.
Our data obtained from a real-world clinical setting confirmed previous results mainly
deriving from Asiatic cohorts of HBeAg-positive patients; we were able to confirm the
usefulness of the HBsAg measurement in a cohort of CHB patients extremely heterogeneous
in term of treatment duration, previous NAs and/or IFN-based treatment. Furthermore,
we observed that the combination of both parameters (i.e., baseline HBsAg and HBsAg
decline) was able to predict HBsAg seroclearance with high accuracy.

64



J. Clin. Med. 2021, 10, 3308

Overall, 11 out of 101 patients cleared the HBsAg during NAs therapy. In our study,
the annual incidence rate of HBsAg loss was 1.8%; this result agrees with the estimated
annual incidence of 1–2% reported both in Asian and in Western populations [26]. Previous
studies showed that baseline HBsAg < 1000 IU/mL was the optimal cut-off for the pre-
diction of HBsAg seroclearance (AUC = 0.860; negative predictive value (NPV) = 98%)
in Chinese CHB patients (61.4% HBeAg-positive) undergoing lamivudine (LMV) treat-
ment [27], while lower HBsAg levels after HBeAg seroclearance were associated with
HBsAg loss in another Asiatic cohort of CHB patients, irrespectively of antiviral treat-
ment [28]. In 390 Taiwanese HBeAg-positive CHB patients (genotype B and C) who had
spontaneously cleared the HBeAg during FU, Tseng and colleagues observed that HBsAg
serum levels <100 IU/mL at 1 year after HBeAg seroconversion, were able to predict
HBsAg loss (HR = 24.3, 95%CI 8.7–67.5) within 6 years [29]. A recent European study
investigated the changes of HBsAg titers in HBeAg-negative CHB patients undergoing low
genetic barrier NAs and observed that lower baseline HBsAg levels were associated with
on-therapy HBsAg drop <1000 IU/mL [30], while another Chinese study showed that low
serum HBsAg level at year 1 of NAs treatment was an independent predictor of subsequent
HBsAg <1000 IU/mL at year 8 of FU (HR = 0.24, p = 0.004) [31]. In the present study,
we observed that baseline HBsAg values <2.00 Log IU/mL were significantly associated
with HBsAg loss in a cohort of CHB patients undergoing ETV or TDF treatment, showing
a good performance for seroclearance prediction (C = 0.846); this cut-off allowed us to
correctly identify 88 out of 101 patients (accuracy = 87%).

Several studies showed that HBsAg decline is more pronounced in CHB patients
treated with PEG-IFN compared to those treated with NAs [16,32]. For most CHB pa-
tients under NAs treatment, it has been estimated that a median HBsAg reduction of
0.08 Log IU/mL/year [33] is typical. Nonetheless, a conspicuous body of evidence sup-
ports the association between HBsAg decline and favorable therapeutic outcomes in pa-
tients under long-term NAs treatment [34]. In 7 out of 70 (10%) patients treated with LMV
achieving HBsAg seroclearance, a greater HBsAg reduction (>0.166 Log IU/mL) hs been
reported compared to the 63 patients still HBsAg-positive at the end of FU (AUC = 0.794;
NPV = 98%) [27]. Another study performed on 266 HBeAg-positive CHB patients treated
with TDF showed that an HBsAg decline ≥1.00 Log IU/mL at 6 months of therapy was in-
dependently associated to HBsAg loss (HR = 14.3, 95%CI 4.7–43.4) [35]. A more recent study
including HBeAg-negative CHB patients, showed that an HBsAg decline > 0.3 Log IU/mL
at 3 years of NAs treatment had Se = 100%, Sp = 81%, positive predictive value (PPV) = 42%
and NPV = 100% for the identification of low HBsAg levels (< 120 IU/mL), and Se = 100%,
Sp = 74%, PPV = 17% and NPV = 100% for the identification of HBsAg loss [20]. Finally, in
a large cohort of 529 Asian CHB patients (195 HBeAg-positive and 334 HBeAg-negative)
receiving ETV, it has been shown that an HBsAg decline ≥75% independently predicted
HBsAg loss [18]. Furthermore, the authors reported that the combination of baseline
HBsAg levels <3000 IU/mL and HBsAg decline ≥75% allowed to predict HBsAg sero-
clearance with PPV = 70% and NPV = 100% [18]. Finally, Jaroszewicz et al. showed that in
CHB patients (mostly HBeAg-negative) undergoing treatments with NAs, HBsAg decrease
during the first 6 months of NA therapy was not predictive for HBsAg loss, while a strong
HBsAg decrease (>0.5 Log IU/mL) 2 years after HBV DNA suppression was associated
with HBsAg loss [36]. Although we cannot firmly identify the optimal timing and the
exact amount of HBsAg decrease during NAs, all these data highlight the importance of
quantitative rather than qualitative HBsAg monitoring during treatment with NAs. In-
deed, we observed that HBsAg decline >0.30 Log IU/mL was significantly associated with
HBsAg loss (HR = 9.40, p < 0.001). Moreover, the model developed from the combination
of baseline HBsAg values and ∆HBsAg T0–T2 used in our study demonstrates an excellent
predictiveness for HBsAg loss (C = 0.965). These results further corroborate the usefulness
of quantitative HBsAg monitoring in Caucasian CHB patients treated with antivirals; de-
spite the low rate of HBsAg seroclearance during NAs therapy, the quantitative HBsAg
qualifies as a reliable predictor of functional cure.
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To note, the present research has some limitations including the retrospective design,
and the clinical and virologic heterogeneity of the patients enrolled. Nonetheless, our
results are in line with previous findings on this topic. Furthermore, the heterogeneity
observed in our population resembles the real characteristics of CHB patients currently
being referred to most of the tertiary care centers in Italy. Indeed, the majority of these
patients have an HBeAg-negative serologic profile and have usually been exposed to
previous PEG-IFN and/or NAs therapy. Here, we observed that HBeAg at baseline was
not significantly different between patients experiencing HBsAg loss and those still positive
at the last FU. However, the number of HBeAg-positive patients at baseline was quite low
in our study. Considering that several studies reported that the rate of HBsAg decline is
higher in HBeAg-positive vs. HBeAg-negative patients [37–39], we cannot exclude that the
rate of HBsAg clearance is similar between HBeAg-negative and -positive CHB patients
under NAs therapy. Another limitation may be found in the relatively low number of
patients enrolled and the lack of a validation cohort. To overcome this issue, we applied a
stratified cross-validation approach to assess the performance of the model; accordingly,
the original sample was partitioned into a training set to train the model, and a test set
to evaluate its performance, and the procedure was repeated multiple times. As a result,
the model showed a high accuracy, with low risk of overfitting, and generalizability to
independent datasets. Therefore, we believe that the results of the present study are robust
and may be useful for the management of such patients, also in view of the arising concept
of NAs cessation in HBsAg-positive patients [40].

5. Conclusions

In the present study, we showed that the measurement of baseline and on-treatment
HBsAg decline are useful for the identification of CHB patients achieving a functional cure.
Furthermore, the combination of both parameters allowed the prediction of HBsAg-loss
with excellent accuracy. Further studies may investigate the applicability of the present
findings for the definition of stopping rules for safely discontinuation of NAs therapy.
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Abstract: Achalasia is a rare neurodegenerative disorder causing dysphagia and is characterized
by abnormal esophageal motor function as well as the loss of lower esophageal sphincter (LES)
relaxation. The assessment and management of achalasia has significantly progressed in recent years
due to the advances in high-resolution manometry (HRM) technology along with the improvements
and innovations of therapeutic endoscopy procedures. The recent evolution of HRM technology with
the inclusion of an adjunctive test, fluoroscopy, and EndoFLIP has enabled more precise diagnoses
of achalasia to be made and the subgrouping into therapeutically meaningful subtypes. Current
management possibilities include endoscopic treatments such as Botulinum toxin injected to the
LES and pneumatic balloon dilation. Surgical treatment includes laparoscopic Heller myotomy and
esophagectomy. Furthermore, in recent years, per oral endoscopic myotomy (POEM) has established
itself as a principal endoscopic therapeutic alternative to the traditional laparoscopic Heller myotomy.
The latest randomized trials report that POEM, pneumatic balloon dilatation, and laparoscopic
Heller’s myotomy have comparable effectiveness and complications rates. The aim of the current
review is to provide a practical clinical approach to dysphagia and to shed light on the most recent
improvements in diagnostics and treatment of achalasia over the last two years.

Keywords: dysphagia; achalasia; diagnosis; high resolution manometry (HRM); management; per
oral endoscopic myotomy (POEM)

1. Introduction

Achalasia originates from the Greek word a-khalasis, meaning lack of relaxation. It is
characterized by a spastic lower esophageal sphincter and a lack of esophageal peristalsis
resulting in esophageal outflow obstruction [1,2]. Achalasia is a rare disease, with an
estimated incidence of 0.03 to 1.63 per 100,000 persons per year and a prevalence of 10 per
100,000 [1]. Achalasia is generally diagnosed between the third and sixth decades and
affects both males and females at equal rates without racial predominance [3,4]. The natural
history of achalasia is characterized by a chronic, life-long, but rarely life-threatening
disease that seriously affects patients’ morbidity and quality of life [5]. When successfully
treated, the quality of life almost returns to near normal for a long time; on the other hand,
when untreated, the course is usually progressive, leading to esophageal lumen dilatation,
which, over time, leads to a burned-out, decompensated sigmoid esophagus with its
clinical related consequences, including malnutrition [5,6]. Longstanding achalasia is a
significant risk factor for esophageal adenocarcinoma (50 folds) and esophageal squamous
cell carcinoma, even when achalasia is adequately managed [7]. Nonetheless, no formal
practical guidelines recommend endoscopic surveillance in achalasia patients. However,
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an endoscopy every three years is considered an acceptable practical surveillance approach
for esophageal cancer in longstanding achalasia. In a follow up prospective study that
included 32 achalasia patients after surgical treatment for achalasia, Ota and colleagues [8]
reported that six patients (18%) developed esophageal cancer in a period of approximately
14.3 years after surgery. Therefore, continuing endoscopic surveillance is required for the
detection of malignancy at an early stage. Special clinical awareness is further required in
patients with other risk factors for esophageal cancer such as smoking, Barrett’s esophagus,
alcohol drinking, and family history of esophageal cancer [9].

The main clinical presentations of achalasia are dysphagia, chest pain, vomiting, and
weight loss. Despite its chronic course, these profoundly disturb a patient’s quality of
life [6]. Not uncommonly, the diagnosis of achalasia may not be made for a long time; thus,
a high level of clinical suspicion is needed. Esophageal dilation and sigmoid esophagus are
considered serious structural consequences of untreated achalasia and eventually may lead
to severe nutritional difficulties. Thus far, all treatment options target lower esophageal
sphincter (LES) tearing, consequently allowing a bolus to pass through the esophago-gastric
junction (EGJ) [6].

2. Medline Search

We performed a MEDLINE/PubMed search for achalasia. Articles discussing and
reporting diagnosis, etiology and therapeutic options were extracted and fully accessed.
Finally, we generated a comprehensive narrative review by summarizing the most updated
data on the diagnosis and management of achalasia focusing on the latest updates from
the last two years.

3. Etiology

The etiology of achalasia is still vague, and the precise pathogenesis mechanism of
achalasia has been ambiguous up to now. Nevertheless, research findings propose a theory
of autoimmune origin, leading to a cascade of a destructive inflammatory processes result-
ing in destruction of the nitric oxide releasing neurons within the myenteric plexus and the
vagus nerve fibers of the lower esophageal sphincter [7]. In end-stage disease, this affects
the cholinergic neurons and subsequently progresses to the loss of inhibitory neurons con-
taining nitric oxide synthase and vasoactive intestinal peptide A. This leads to an impaired
relaxation of the lower esophageal sphincter [10]. Several patho-mechanisms were pro-
posed as possible triggers of this immuno-destructive process, including underlying viral
infection [11], idiopathic autoimmune trigger, and genetic predisposition [12]. Recent data
have further addressed the role of autoimmunity and viral infection as the trigger for acha-
lasia development. Innate immune system cells, including eosinophils and mast cells, have
been increasingly observed in the esophageal tissue of achalasia patients [13–16]. These
cells are already described as important mediators of immune-mediated inflammation and
in degenerative neurological diseases [17]. Several studies have reported the involvement
of the innate immune system in the pathogenesis of achalasia [13,14,18–20]. Moreover,
the adaptive immune (B and T cells) system has recently been shown to play a major role
in the development of achalasia. Previous studies using immunohistochemical analysis
have shown a strong infiltration of CD3+ T lymphocytes within the esophageal mucosa of
achalasia patients, thereby causing myenteric plexitis [21,22]. One recent study showed
an increased expression of T lymphocytes (Th22, Th 17, Th 2, Th1 and T regulatory cells)
in the lower esophageal sphincter tissue of achalasia patients [23,24]. Additionally, other
studies have addressed the emerging role of proinflammatory cytokines (interleukin (IL)-22,
IL-17, interferon-gamma, IL-6, and tumor necrosis factor alpha) that were overexpressed in
achalasia patients compared with controls [23,25]. However, still more studies are needed
to explore the dominant immune cells and cytokines that trigger the development of acha-
lasia and to determine the underlying trigger for the activation of those immune cells and
pathways [26]. Still, an underlying viral infection is an acknowledged and reported factor
behind achalasia development [27,28]. Based on the existing evidence, the most known
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viral infections that are associated with achalasia are the herpes virus family (Herpes
simplex virus, Epstein–Barr virus, Varicella Zoster virus, and Cytomegalovirus) [29,30],
Paramyxoviruses [31], and human immunodeficiency virus (HIV) [32]. In the last few
years, evolving new theories have been reported that attempt to address the etiological
mechanisms of achalasia, starting from the involvement of the innate immune system.
These include mast cells and eosinophils that reach the adaptive immune system and the
cytokines that directly induce inhibitory neurons and damage the esophageal muscle layer.
Furthermore, studies on the potential role of viral infection in achalasia cannot be ignored.
All proofs lead to the conclusion that viruses may lay the foundation for autoimmune
responses that attack inhibitory neurons.

4. Diagnostic Approach to Dysphagia and Achalasia

Dysphagia is considered an alarm symptom that mandates the performance of esophago-
gastro-duodenoscopy (EGD) as an initial diagnostic modality to exclude structural or
mucosal lesions in the esophagus or the stomach cardia. Examples of these include tumors,
inflammation, esophageal rings, strictures, and other pathologies that can mimic achalasia,
a condition traditionally named pseudochalasia 4. A clinical suspicion of pseudo-achalasia
should be sought in patients older than 55 years of age with a prompt onset of solid
dysphagia that proceeds to liquid dysphagia and weight loss [33,34]. Classic endoscopic
findings of achalasia present in about half of the cases include widening of the esophagus,
residue in the esophageal lumen, and obstructed EGJ.

An additional important diagnosis is eosinophilic esophagitis (EoE), an immune-
mediated/allergic disorder involving the esophagus causing dysphagia and diagnosed by
eosinophils predominant inflammation [35]. Multiple biopsies are mandatory to confirm
the diagnosis. Indicative endoscopic findings of EoE include mucosal thickening and
edema, ring formation, and white patchy exudates and fibrosis in the late stage [35].
After the exclusion of anatomical, structural, and inflammatory conditions, HRM study is
necessary to assess the esophageal motor function and the relaxation of the lower sphincter.

5. High-Resolution Manometry and the Chicago Classification Version 4.0

High-resolution manometry (HRM) is the most accurate investigative system ordinar-
ily utilized in order to study esophageal motility and the LES function when evaluating
upper gastrointestinal symptoms including dysphagia when endoscopic and radiologic
modalities do not elucidate their cause [36]. The HRM catheter includes 36 pressure sensors
disseminated thoroughly over the catheter. The probe is gently entered through the nose
and crosses the esophageal body up to the LES. The pressure sensors register pressure
changes throughout the swallowing process, and the collected records are processed in a
dedicated program that converts these data into a colorful spatiotemporal scheme, where
variations in pressure produced by esophageal peristalsis are showed as color distinctions
throughout the study duration (Figure 1). The addition of impedance measurement to
the HRM studies has enabled impartial valuation of the esophageal clearing capability of
fluids to the stomach [33].
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Figure 1. A five milliliter water swallow starts with the opening of the upper esophageal sphincter
(UES). One normal esophageal peristalsis and normal lower esophageal sphincter (LES) relaxation
is shown. The LES relaxation is measured over a 10 s period, as shown in the box, by measuring
the median integrated relaxation pressure (IRP) (supplied from the gastroenterology department at
EMMS Nazareth hospital).

The Chicago classification, currently in its fourth version (CCv4.0), is a conceptualized
and standardized approach to interpreting HRM findings [10]. One major improvement
of the CCv 4.0 is providing rigorous definition and diagnosis for various manometric
findings and highlighting their clinical significance and relevance. Conveyed by the
expanding knowledge and experience with HRM, the CCv4.0 aimed to provide an updated
classification scheme as well as to apply a more rigorous standardized HRM protocol, with
the inclusion of provocative tests aiming to reproduce the natural behavior of drinking
and eating. These tests include water swallows in various positions, setting and supine;
the multiple rapid swallow test (MRS), a repetitive and rapid swallow of water that
assesses the deglutitive inhibition function of the LES; and the rapid drink challenge of
200 mL water (RDC), which assesses the deglutitive inhibition function of the LES in
addition to depicting the ‘recovery capability’ of the esophagus by the production of a
powerful clearing swallow. Additionally, the addition of bread swallows or a test meal is
optional when there is high suspicion of EGJ outflow obstruction (EGJOO). The inclusion
of provocation or ‘adjunctive tests’ in the HRM protocol is based on the fact that the
standard 5 mL water swallow is unrepresentative of the normal esophageal physiology
and performance, infrequently induces esophageal symptoms, and might under-diagnose
motility disorders of clinical significance. The previous Chicago classification version 3
(CCv3.0) included only 10 mL water swallows in the supine position [37]. However, many
studies suggested that adjunctive tests could improve the diagnostic yield of HRM for
the detection of motility disorders and for better defining the clinical relevance of these
findings [38–42]. Furthermore, to ease the implementation of solid swallows in routine
clinical practice, Hollenstein et al. performed a development and validation study that
aimed to define normal values of esophageal metrics for solid swallows. The authors
developed a classification of motility disorders (named the Chicago classification) and this
was adapted for solids. The developed classification was applied in the assessment of
patients (750) with esophageal symptoms, and the authors confirmed that the inclusion
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of a solid swallow test improved the diagnosis of clinically pertinent esophageal motility
disorders in a cohort with dysphagia and reflux symptoms [43].

Since the introduction of the Chicago classification, three subtypes of achalasia could
be identified, depending on the esophageal peristalsis failure type. According to the last
Chicago classification (CCv4.0), achalasia type I is defined as an increased intergrade
relaxation pressure (IRP—an indicator of the relaxation capability of the LES) and the
complete absence of esophageal contractility (totally failed peristalsis with loss of LES
relaxation). Type II achalasia is characterized by the production of ‘pressure columns’ due
to pan-esophageal pressure through the hollow esophagus. According to the CCv4.0, type
II achalasia is defined as an elevated IRP associated with defective esophageal peristalsis
(pan-esophageal pressure in at least 20% of swallows). Achalasia type III is character-
ized by the presence of premature and/or spastic contractions and a conclusive diagnosis
is obtained through the detection of an elevated IRP and the presence of at least 20%
premature contractions (Figure 2). This subtyping has improved our understanding of
achalasia and, furthermore, has influenced the management plan, enabling a more person-
alized therapeutic approach. Functional or idiopathic EGJOO—previously called “variant
achalasia”—is a disorder more commonly encountered than achalasia and specified by
normal esophageal contractility alongside distal obstruction at the level of the LES. Possible
etiologies for functional EGJOO include a true idiopathic failure of the LES to relax (a
condition that could be treated as achalasia) or the result of technical issues such as the
patient’s position or the angulation of the catheter [39,44–46]. Secondary causes of outflow
obstructions include mucosal or submucosal lesions, EOE, external compression, strictures,
post-surgical complications, as well as medications such as opioids [47–49] (Table 1). Treat-
ment should target the source of the outflow obstruction, such as surgical corrections of
anatomical abnormalities, endoscopic dilation of strictures, EOE management, and opioid
cessation [36].
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department at EMMS Nazareth hospital).
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Table 1. Achalasia subtypes.

Achalasia

Manometric Findings Treatment *

Type I (classic) Non-relaxing LES and absent peristalsis LHM, PD, POEM

Type II (pan-esophageal pressurizations) Non relaxing LES and pressurization LHM, PD, POEM

Type III (spastic) Non-relaxing LES and spastic contractions POEM

* Botox injection use is limited to elderly, frail patients and could be offered to all achalasia subtypes. LES: Lower esophageal Sphincter;
LHM: Laparoscopic Hiller Myotomy; PD: Pneumatic Dilation; POEM: Per-Oral Endoscopic Myotomy (POEM).

6. Barium Swallows

Barium esophagography has commonly been used to evaluate esophageal morphology
prior to surgery. Recently, the timed barium swallow (TBS) has been used to assess
treatment success by evaluating esophageal emptying. Measurement of the retained
barium column at several time points after the swallow has been accepted as a reliable tool
to objectively assess the level of obstruction at the esophagogastric junction. Moreover,
barium emptying studies have gained special popularity in the post treatment period, and
they correlate well with treatment response [50]. TBS has several advantages: it is simple,
practical, reproducible, economic, non-invasive and well-tolerated by patients. A latest
work by Sanagapali et al. that aimed to study the role of barium surface area compared
with the traditional barium column as an indicator of treatment response revealed that
barium surface area decrease predicted a more precise treatment response [51].

7. EndoFLIP

Endoflip is a novel diagnostic device that permits measurement of the level of distensi-
bility at the esophagogastric junction as well as is capable of detecting the various achalasia
subtypes with a high level of confidence and accuracy, particularly with the advent of
combining distensibility sensors to manometry sensors [52]. The test is performed while the
patient is sedated, eliminating the inconvenience related to HRM and potentially replacing
it in select patients.

8. Treatment of Achalasia

The most fundamental goals of treating achalasia are to attain symptomatic relief
and to improve patients’ quality of life and work capability. Since the repair and the
rehabilitation of the defective contractility are impractical and unrealistic, the eventual
target of treating achalasia is to release the resistance at the esophagogastric junction. This
treatment choice is not straightforward, and a personalized approach should be adopted
that takes into account factors including the demographics and medical background of the
patient, the achalasia subtype, and the patient’s predilection (Table 1) [53]. Importantly,
when describing treatment outcomes in achalasia, most previous trials relied on subjective
symptom relief as reported by patients, generally by applying the EKARDT score. The
EKARDT score includes the four main achalasia symptoms of dysphagia, regurgitation,
weight loss, and chest pain. The score points relied on the frequency of each symptom
reported by patients and ranges from 3 to 12 (worst symptoms) [54,55]. Nonetheless,
despite the widespread implementation of the EKARDT score in clinical practice, it has
not been validated yet for this purpose (I). Moreover, most trials considered an Eckardt
score of >3 or a reduction in symptoms of <50% as treatment failure. However, several
limitations exist with this instrument of assessing treatment outcomes, including using
subjective symptoms that could be perceived differently between patients. It can be also
be misleading, frequency and time intervals of applying the EKARDT core have yet to be
defined, and the cardinal achalasia symptoms could be provoked by pathologies other
than achalasia.

Botulinum toxin (Botox) is a well-known therapeutic option for achalasia that has
been used for decades [56]. When injected into the distal esophagus and to the LES, the
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toxin inhibits the release of acetylcholine, which eventually leads to a transitory inhibition
of the contractility of LES smooth muscle fibers. Despite the excellent safety profile of
Botox injection, the key drawback of this therapeutic option is its short-term durability
given a substantial decline in symptoms relief after 6 and 12 months [56]. Therefore, Botox
use is restricted to special cases such as comorbid elderly patients or as a temporarily relief
before surgery, POEM, or balloon dilation.

Pneumatic balloon dilation is a therapeutic option where a pneumatic balloon is placed
in the LES under the guidance of fluoroscopy. The gradual inflation of the balloon leads
to mechanical disruption of the LES and relieves the obstruction at the esophagogastric
junction. Currently, the preferred protocol for dilation is using a graded attitude, where
dilation starts with the 30 mm balloon but the balloon diameter increases in subsequent
sessions to 35 mm and up to 40 mm. The gradual dilation approach has been shown
to have greater efficacy and a higher safety profile [57]. Pneumatic balloon dilation is
long-lasting, with a symptomatic relief over 80% after 2 and 5 years [58]. The long-standing
clinical success of pneumatic balloon dilation after 2 and 5 years is satisfactory and similar
to surgical outcomes [59]. Complications related to balloon dilation are rare and may
include the development of esophageal reflux symptoms in 15–35% of patients. Esophageal
perforation is rare and occurs in about 2% of cases and very rarely leads to bleeding [60].

Heller myotomy is an well-established procedure for achalasia treatment that has been
performed for more than a century and involves the dissection of the LES smooth muscle
fibers. The incidence of esophageal reflux symptoms and the development of erosive
esophagitis after the myotomy have been significant; therefore, surgeons also complete
a partial fundoplication wrap of the posterior (Toupet) or the anterior (Dor) to prevent
reflux symptoms and complications. LHM is a safe and effective therapeutic modality with
durable symptomatic relief, estimated to be over 85% after 5 years [59].

Recently, POEM has been acknowledged as an efficient novel treatment modality with
an excellent safety profile [61]. This procedure is performed by an invasive gastroenterolo-
gist or a surgeon and normally in an operating room while the patient is under sedation and
intubated. The procedure involves the creation of a tunnel located at the submucosa using
an endoscopic knife. The tunnel generally originates at the middle or lower esophagus and
ends up at the stomach cardia, commonly 2–3 cm beyond the LES. Endoscopic myotomy is
completed by either anterior or posterior dissection of the circular muscle’s fibers. Ujiki
et al. performed a pooled data analysis of three comparative studies that aimed to assess
various clinical outcomes of POEM and LHM. The analysis revealed comparable results
of therapeutic options including success rate, complications, perforation rate, as well as
procedure time [62]. Kumbhari et al. performed a comparative study over 75 patients and
showed that POEM seems to be a better therapeutic option for achalasia type III when com-
pared with LHM [63]. Even though it is suggested that there is an increased trend towards
the development of GERD after POEM, when looking carefully at the reported results,
most reflux esophagitis cases were mild and responded well to conservative treatment with
proton pump inhibitor drugs. However, the main difficulty of the POEM technique is the
operator learning curve; a recent study reported that mastering POEM in Latin America
requires approximately 61 procedures both for POEM efficiency and to accomplish the
procedure within 97 min [64]. Another previous study reported that 40 POEMs are needed
to achieve efficiency and that 60 POEMS are needed to attain mastery [65].

Lastly, surgical esophagectomy is a radical procedure that is considered a last resort
therapeutic option for longstanding advanced achalasia cases, which are rarely encountered
and estimated to occur in 2–5% of cases. End-stage achalasia generally involves patholog-
ical dilation of the esophageal tubular structure and that even could be associated with
alterations of the esophageal morphology (creating a sigmoid shape or mega-esophagus).
Even though LHM could still be considered and performed successfully in end-stage
achalasia with morphologic distortion of the esophagus, the radical esophagectomy might
be the final possibility to improve patients’ nutritional status, to ease their symptoms, and
to improve their general performance and quality of life. Notably, esophagectomy is a
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major chest surgery and is associated with high adverse events including hospital-acquired
pneumonia in 10% of cases, leaks at the surgical site causing chest infections in about 7% of
cases, and finally, a mortality risk of 2% [6].

9. Treatment Decision-Making and Predictors of Outcomes

Recent published data from retrospective, prospective, and randomized studies in-
dicate that there is no superiority between the three options of pneumatic dilation, LHM,
and POEM. Considerations regarding the choice of therapy are largely determined by the
achalasia subtype; clinical presentation; patient’s age and fitness; the available expertise;
and importantly, the patient’s preferences. Significantly, the emerging data from the last
decade points toward an association between the achalasia type and post-therapy clinical
outcomes [43]. A post-hoc analysis by Rohof et al. of the European achalasia registry
study found an association between achalasia subtype and treatment outcomes; the efficacy
of pneumatic dilation was outstandingly excellent in type II achalasia but significantly
decreased to 40% in type III achalasia [66]. Conversely, Kumbhari et al. conducted a multi-
center comparative study that aimed to evaluate the treatment outcomes of 75 patients with
type III achalasia and showed an excellent treatment success (98%) following POEM in com-
parison to 80% after LHM during both short-term (8.6 months) and long-term (21.5 months)
(p < 0.01) follow-up [63]. This added value of POEM over LHM is logically explained by
the capability of the endoscopic approach to achieve a tailored proximal extension of the
myotomy. Oude and colleagues conducted a systematic review and meta-analysis that
aimed to study various factors that might be associated with achalasia treatment outcomes.
The analysis included 75 published studies and revealed that only the manometric pattern
of achalasia and patient age were recognized as the most applicable predictors of clinical
response [67].

10. Conclusions

Achalasia is an long-standing disease that has attracted much interest in the last two
decades due to the revolutionary progress in its understanding and management. The
introduction of the HRM with impedance along with the construction of the Chicago
classification and their implementation in clinical practice has profoundly enriched our
understanding of the esophageal and LES functions and has eventually led to classifying
achalasia into three different types based on diverse manometric patterns. Moreover,
EndoFLIP and the improved methodology in barium studies added to our knowledge, and
these modalities complement HRM in specific clinical scenarios. The introduction of the
POEM to the therapeutic arsenal has drastically reformed the attitude to achalasia therapy.
The POEM procedure seems to be promising, with outcomes comparable to conventional
procedures such as LHM and pneumatic balloon dilation. Nonetheless, more prospective
studies are required to properly determine the long-term efficacy and safety of POEM. The
treatment choice of achalasia should be tailored, taking into account several clinical and
manometric factors.
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Abbreviations
LES Lower esophageal sphincter
EGJ Esophago-gastric junction
EGJOO Esophago-gastric outflow obstruction
HRM High-Resolution Manometry
POEM Per oral endoscopic myotomy
EOE Eosinophilic Esophagitis
EGD Esophago-Gastro-Duodenoscopy
LHM Laparoscopic Heller myotomy
RDC Rapid drinking challenge
MRS Multiple rapid swallows
TBS Timed barium swallow
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Abstract: Background: Non-alcoholic fatty liver disease (NAFLD) is a pathological condition, ranging
from fatty liver to chronic steatohepatitis (NASH), liver cirrhosis, and eventually to hepatocellular
carcinoma. Recent findings suggest that patients with NAFLD have an increased risk of cardiovascu-
lar events and thromboembolism, which is independent of metabolic diseases that are frequently
associated with NAFLD, such as diabetes, hyperlipidemia, and obesity. Methods: We evaluated
30 NAFLD patients, before and after weight loss. Plasma levels of C-reactive protein (CRP), fib-
rinogen, plasminogen activator inhibitor-1 (PAI-1), von Willebrand factor (VWF), homocysteine,
coagulation protein S, Thrombin activable fibrinolysis inhibitor (TAFI), and factor VII (FVII) were
assessed to evaluate whether they should be responsible of the prothrombotic state of NAFLD after
weight loss. Results: At baseline, patients affected by NAFLD had a significantly higher levels
of CRP, fibrinogen, PAI-1, VWF antigen, and FVII levels. After weight reduction, we observed a
significant drop of inflammatory and prothrombotic markers, as well as glucometabolic, lipid profile.
Conclusion: These findings provide evidence for a link between NAFLD/NASH and thromboem-
bolism. The association seems to be linked with primitive thrombotic state and hypercoagulation
due to increased levels of coagulation factors and reduced levels of PAI-1. This hypercoagulation
state might explain increased levels of thrombosis and splanchnic thrombosis observed in NASH
correlated cirrhosis.

Keywords: non-alcoholic fatty liver disease (NAFLD); insulin resistance; plasminogen activator
inhibitor-1 (PAI-1); von Willebrand factor (VWF); factor VII (FVII); slimming; weight loss; TAFI;
protein S

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is a pathological condition, ranging from
fatty liver (FL) to chronic steatohepatitis (NASH), liver cirrhosis, and eventually to hepato-
cellular carcinoma (HCC) [1].

Nonalcoholic fatty liver disease (NAFLD), on its whole spectrum of conditions ranging
from steatosis to steatohepatitis (nonalcoholic steatohepatitis; NASH) and cirrhosis, is the
most frequent liver disease in developed countries, now regarded as the liver manifestation
of the metabolic syndrome [2]. Several studies indicate that NAFLD, especially in its necro-
inflammatory form (NASH), is associated with a systemic proinflammatory/prothrombotic
state, leading to atherothrombosis such as cardiovascular disease. The pathogenesis seems
to be mediated through systemic release of proinflammatory and procoagulant factors
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from the steatosis liver (C-reactive protein, plasminogen activator inhibitor-1, interleukin-6,
fibrinogen, and other proinflammatory cytokines) and is responsible for immunomodulated
thrombosis [3–7]. Strong epidemiological, biochemical, and therapeutic evidences support
the hypothesis that the primary pathophysiological derangement in most patients with
NAFLD is insulin resistance. Insulin resistance leads to increased lipolysis, triglyceride
synthesis, increased hepatic uptake of free fatty acids (FFA), and accumulation of hepatic
triglycerides [8].

Fat-derived hormones, such as adiponectin, leptin, and resistin, are important co-
regulators of hepatic insulin sensitivity. Insulin resistance may lead to activation of the
coagulation cascade via increased levels of plasminogen activator inhibitor 1 (PAI-1) and
factor VIII, whereas anticoagulant levels of protein Care decreased [9]. The topic, however,
remains matter of debate and there are no consistent epidemiological or clinical data
to support increased rates of venous thrombosis in NASH [10–13]. Aggressive lifestyle
modifications focused on weight reduction and increased physical activities may reduce
the inflammatory state of NAFLD, the insulin resistance, and the prothrombotic state which
characterize NAFLD [14–18]. The vascular involvement of NAFLD might be considered
its systemic burden, conditioning higher mortality in patients affected by the disease.
High physical activity (PA) levels or exercise training (ET) should be a pivotal role of any
treatment plan for obese individuals regardless of weight loss goals, and is associated
with numerous CV benefits [14–18]. On the other hand, physical inactivity, obesity and
disability correlate with institutionalization and loss of independence [19].

The aims of this study are to evaluate the parameters of the coagulation, fibrinolysis
and inflammation in a group of NAFLD patients and to verify whether dietary modification
or lifestyle change such as increased physical activity affects these parameters

2. Materials and Methods
2.1. Study Population

From 2 February to 5 May 2020, we prospectively enrolled patients with: (1) Age
over 60 years, (2) certain diagnosis of NAFLD defined by: (i) Demonstration of hepatic
steatosis by abdominal ultra-sonography or liver biopsy. Abdominal ultra-sonography
was preferred to CT scanning due to its capability to detect mild to moderate steatosis.
According to the general guidelines [19], we performed liver biopsy with the following
indications: to confirm or exclude the diagnosis of NAFLD when ultra-sonography was not
conclusive, to diagnose other liver diseases, and to determine amounts of damage to the
liver when necessary for treatment and prognosis. The last includes necro inflammatory
activity, which is potentially reversible, and collagen deposition with varying degrees
of remodeling, which is potentially less reversible. (ii) Exclusion of significant alcohol
consumption (<140 g/week. For men and <70 g/week for women). (iii) Exclusion of other
causes of hepatic steatosis including drug-induced steatosis. (iv) Absence of coexisting
chronic liver disease.

The exclusion criteria were: (1) Ongoing therapy with at least one between: anti-
inflammatory, anti-fibrinolytic, anti-coagulant, anti-platelet, anti-diabetic drugs, or anti-
hypertensive agents. (2) History of smoking (active or previous), chronic obstructive
pulmonary disease, renal failure, chronic inflammatory diseases, or neoplasms. (3) Non
responders to diet and change of lifestyle, defined as a weight loss of less than 10% of the
basal body weight after one year of follow-up.

The study participants gave a written informed consent and local ethical committee
approved the study (Ospedale Maggiore Policlinico di Milano; N 206 date 29 June 2013).

2.2. Sample Collection and Storage

Blood samples were collected after 12 h of fasting. Using sodium citrate 3.8% as an
anti-coagulant, antecubital venous blood samples were drawn from patients affected by
NAFLD, at baseline. Additional blood samples were collected when patients obtained 10%
in decreased of basal body weight. Plasma was obtained by centrifuging the samples at
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2000× g for 20 min at room temperature, frozen in small aliquots and stored at −80 ◦C
until testing.

2.3. Measurements

Measurements included BMI, waist girth, and blood pressure. C reactive protein
was measured by ELISA (Zymutest CRP, Hyphen BioMed, Andresy, France) with intra-
and inter-assay coefficients of variation (CVs) of 7–11%. Fibrinogen was measured by a
commercial coagulometric method (Diagnostica Stago, Asnières, France) with intra- and
inter-assay CVs of 4% and 7%. Serum lipids were measured with the standardized methods
of the Centers for Disease Control and Prevention, including total cholesterol, HDL choles-
terol, and triglycerides. LDL cholesterol was estimated by the Friedewald equation [20].
When triglycerides were >400 mg/dL, LDL cholesterol was measured directly using an
automated spectrophotometric assay. Glucose tolerance, insulin sensitivity, insulin se-
cretion and insulin clearance were assessed by frequently sampled 75 g oGTT. Fasting
serum glucose was determined using the hexokinase-glucose 6 phosphate dehydrogenase
enzymatic assay, and insulin was determined using radioimmunoassay (Linc Research, St.
Charles, MO, USA). Plasminogen activator inhibitor 1 (PAI-1) activity was measured using
a commercial bio-immunoassay (Chromolize PAI-1, Bio pool, Umea, Sweden) with intra-
and inter- assay CVs of 2.4% and 4.5%. Von Willebrand factor (VWF) antigen was measured
in citrated plasma by an “in-house” sandwich ELISA using two monoclonal antibodies di-
rected against different VWF epitopes (11B6.18 and 7G10.8). The intra- and inter-assay CVs
were both 8%. Factor VII (FVII) activity was measured using a commercially available one-
stage prothrombin time-based assay (Instrumentation Laboratory Company, Lexington,
MA, USA) in accordance with the manufacturer’s instructions. The intra- and inter-assay
CVs were 10%. Total homocysteine values were determined by high performance liquid
chromatography (HPLC) with fluorometric detection and isocratic elution. Free protein
S antigen was measured using the Asserachrom Free Protein S assay (Stago), a one-step
ELISA assay that uses 2 monoclonal antibodies specific for distinct epitopes of the free
form of protein S to directly measure free protein S in plasma. Thrombin-activatable
fibrinolysis inhibitor (TAFI) was purified from fresh-frozen plasma by immunoaffinity
chromatography followed by further purification on protein G-Sepharose and Q-Sepharose
(Amersham Pharmacia Biotech, Uppsala, Sweden). TAFI antigen levels were determined
by a sandwich-type enzyme linked immunosorbent assay using a monoclonal capturing
antibody and a polyclonal detection antibody.

2.4. Physical Activity Quantification

The self-estimation of physical activity levels was assessed while using the German
Physical Activity Questionnaire 50+ (GPAQ 50+) [21], a self-administered questionnaire
assessing older adults’ PA level per week.

2.5. Statistical Analysis

Kolmogorov–Smirnov test was performed to evaluate the normality of distribution
of data. Quantitative data were expressed as mean, standard deviation, median and
range. Student T-test and Mann–Whitney test (for non-parametric data) were used for
comparison between groups. p-value less than 0.05 was considered statistically significant.
Data are shown as median values and interquartile ranges (25th and 75th percentiles).
The between-group differences were analyzed using Mann–Whitney non-parametric tests
for independent samples, and the effects of weight loss were assessed using multivariate
analysis of variance, Friedman’s test and Wilcoxon’s test for paired samples. Data were
analyzed using the SPSS PC statistical package, version 17.00 (SPSS Inc., Chicago, IL,
USA). Univariate analysis of coagulation, metabolic parameter was performed to assess
relationship between obesity, NAFLD, physical activity and prothrombotic state.
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3. Results

During the observational period, sixty-five patients with certain diagnosis of NAFLD
were evaluated, but only 30 met the inclusion criteria. In particular, 30 patients were
excluded because ongoing therapy or history, five were non responders to diet and change
of lifestyle, reducing the eligible number to 30 patients, (nine females and 21 males).

Median age of the examined population was 72 years (IQR 70–73) (Table 1). Thirteen
patients had NASH, two patients had liver cirrhosis (all those 15 patients performed liver
biopsy before the study beginning), and 11 patients had hepatic steatosis. In our case series,
liver biopsy was performed during observational time in four cases, showing NASH in
two cases and liver cirrhosis in two cases.

Table 1. Reports coagulation, fibrinolysis and inflammatory parameters, basal and after 10% of
weight loss secondary to increase of PA. Data are reported as “median (IQR)”.

Before Weight Loss After Weight Loss p Value
age (years) 72 (70–73)

Waist circumference (cm) 112.0 (91.5–116.0) 94.0 (86.0–105.0) <0.0001
BMI (Kg/m2) 37.0 (34.0–38.0) 31.5 (30.0–34.0) <0.0001

Blood glucose (mg/dL) 126.00 (124.00–130.00) 96.00 (90.00–115.75) <0.0001
OGTT (mg/dL) 180.00 (180.00–185.00) 160.00 (145.75–174.00) <0.0001
CRP (mg/dL) 13.0 (12.0–16.5) 8.0 (6.0–10.0) <0.0001

Fibrinogen (mg/dL) 450 (400–450) 300 (280–340) <0.0001
PAI (UI/mL) 46.0 (44.0–50.0) 26.0 (21.5–31.5) <0.0001

vWF (%) 160 (160–180) 115 (110–120) <0.0001
F VII (%) 160 (150–160) 110 (110–110) <0.0001
TAFI (%) 65.00 (60.00–70.00) 79.00 (78–82.25) <0.0001

Homocysteine (µmol/L) 16 (14–18) 20 (17–22) 0.006
Protein S (%) 45.0 (42.0–46.5) 48.0 (44.0–48.0) 0.021

HDL (mg/dL) 25.00 (21.00–28.00) 36.00 (32.75–38.00) <0.0001
Triglycerides (mg/dL) 156.00 (153.75–158.00) 127.00 (125.00–129.00) <0.0001

PAS (mmHg) 140 (130–140) 120 (110–120) <0.0001
PAD (mmHg) 90.00 (85.00–91.25) 75.00 (75.00–80.00) <0.0001

Among NAFLD patients, two were normal-weight, (BMI among 18.5 to < 25.0), five
patients were over-weight (BMI among 25 to < 30), and 23 patients were obese having
BMI > 30.

BMI positively correlated with CRP (r = 0.57, p = < 0.0001), fibrinogen (r = 0.31,
p = 0.0001), and PAI-1 levels (r = 0.75, p = 0.0001), vWF (r = 0.56, p = 0.001), F VII (r = 0.68,
p = 0.001); basal glucose (r = 0.35, p = 0.0001), OGGT (r = 0.79, p = 0.0001), and TAFI
(r = 0.49, p = 0.02). Waist circumference significantly correlated with basal glucose (r = 0.51,
p = 0.0001), and OGTT (r = 0.45, p = 0.0001), systolic blood pressure (r = 0.49, p = 0.0001),
and diastolic blood pressure (r = 0.51, p = 0.0001) as well as with coagulation parameters:
PAI-1 (r = 0.52, p = 0.0001), vWF (r = 0.42, p = 0.0001), FVII (r = 0.53, p = 0.0001), TAFI
(r = 0.29, p = 0.0001).

Protein S was correlated to BMI (r = 0.46, p = < 0.0001), but not to waist circumference
(r = 0.17, p = 0.19).

Both BMI and waist circumference were not correlated to homocysteine (respectively,
r = 0.07, p = 0.58; r = 0.06, p = 0.67).

After lifestyle modification was reached after one year of follow up, which was
focused on a weight reduction to at least 10% of the basal and increased physical activity,
we observed a significant reduction of BMI (p = 0.0001), waist circumference (p = 0.0001),
as well as glucometabolic (p = 0.0001), lipid (p = 0.0001), and inflammatory (p = 0.0001),
and prothrombotic markers (p = 0.0001), Figures 1–3.

83



J. Clin. Med. 2021, 10, 4906

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 5 of 10 
 

 

Both BMI and waist circumference were not correlated to homocysteine (respec-
tively, r = 0.07, p = 0.58; r = 0.06, p = 0.67). 

After lifestyle modification was reached after one year of follow up, which was fo-
cused on a weight reduction to at least 10% of the basal and increased physical activity, 
we observed a significant reduction of BMI (p = 0.0001), waist circumference (p = 0.0001), 
as well as glucometabolic (p = 0.0001), lipid (p = 0.0001), and inflammatory (p = 0.0001), 
and prothrombotic markers (p = 0.0001), Figures 1–3. 

 
Figure 1. (A) Waist circumference. (B) body mass index. (C) glucose. (D) PAI 1 in 30 patients affected 
by NAFLD in basal control and after weight loss. 

 

Figure 1. (A) Waist circumference. (B) body mass index. (C) glucose. (D) PAI 1 in 30 patients affected
by NAFLD in basal control and after weight loss.

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 5 of 10 
 

 

Both BMI and waist circumference were not correlated to homocysteine (respec-
tively, r = 0.07, p = 0.58; r = 0.06, p = 0.67). 

After lifestyle modification was reached after one year of follow up, which was fo-
cused on a weight reduction to at least 10% of the basal and increased physical activity, 
we observed a significant reduction of BMI (p = 0.0001), waist circumference (p = 0.0001), 
as well as glucometabolic (p = 0.0001), lipid (p = 0.0001), and inflammatory (p = 0.0001), 
and prothrombotic markers (p = 0.0001), Figures 1–3. 

 
Figure 1. (A) Waist circumference. (B) body mass index. (C) glucose. (D) PAI 1 in 30 patients affected 
by NAFLD in basal control and after weight loss. 

 
Figure 2. Plasma C-reactive protein levels (A), fibrinogen (B), von Willebrand factor (C), and factor
VII levels (D) in 30 patients affected by NAFLD in basal control and after weight loss.

84



J. Clin. Med. 2021, 10, 4906

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 6 of 10 
 

 

Figure 2. Plasma C-reactive protein levels (A), fibrinogen (B), von Willebrand factor (C), and factor 
VII levels (D) in 30 patients affected by NAFLD in basal control and after weight loss. 

 
Figure 3. HDL cholesterol (A), triglycerides (B), systolic blood pressure (C), and diastolic blood 
pressure (D) of 30 patients affected by NAFLD in basal control and after weight loss. 

In this time frame, BMI had decreased from 36.4 Kg/m2 (34.2‒38.6.) to 32 Kg/m2 (29.4‒
34,6) (p = 0.0001), waist abdominal circumference from 106.3 cm (94.6‒118.1) to 95.3 cm 
(85.7–104.9) (p = 0.0001). Similarly, inflammatory markers, as well as coagulation parame-
ters, significantly decreased after weight loss: CRP from 14.7 mg/dL (8.3–21.1) to 8.1 
mg/dL (4.7–11.5) (p = 0.0001), fibrinogen from 429.9 mg/dL (400.4–459.5 mg/dL) to 301,5 
(272.8–330.9) mg/dL (p = 0.0001), PAI 1 from 46.9 UI/mL (40.3‒53.5) to 26.7 U/l (20.4–33), 
von Willebrand factor 163.7% (149.8%‒177.2) to 115.5% (109.1‒121.9) (p = 0.0001), factor 
VII from 155.6% (146.6‒164.5) to 109.9% (103.6–116.3) (p = 0.0001). 

TAFI value increased after slimming, from 65.6% (52‒80) to 79.7% (74‒88) (p = 0.0001). 
Statistical regression analysis showed that at 12 months, the changes in BMI posi-

tively correlated with those of CRP (r = 0.46, p = 0.025), fibrinogen (r = 0.44, p = 0.026), PAI-
1 levels (r = 0.47, p = 0.019), VWF (r = 0.47, p = 0.045). Statistical analysis revealed significant 
gender and BMI interaction effects. 

4. Discussion 
The relationship between NAFLD and venous thrombosis, particularly portal vein 

thrombosis (PVT), is described in a limited number of patients. [22]. Nevertheless, 
splanchnic venous thromboembolism greatly contributes to the outcome and clinical 
course of liver cirrhosis. 

The clinical observation by Dentali et al. [23], that metabolic syndrome was diag-
nosed in 50.5% of patients with idiopathic vein thrombosis, underlies the pathogenetic 
role of the metabolic syndrome in venous thromboembolism, but the real incidence of 
thrombotic events among NAFLD remains relatively unexplored. 

It has long been known that diabetes, obesity, and hypertension increase the pro-
thrombotic risk [11], but, to the best of our knowledge, this is the first study aimed at 

Figure 3. HDL cholesterol (A), triglycerides (B), systolic blood pressure (C), and diastolic blood
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In this time frame, BMI had decreased from 36.4 Kg/m2 (34.2–38.6) to 32 Kg/m2

(29.4–34.6) (p = 0.0001), waist abdominal circumference from 106.3 cm (94.6–118.1) to
95.3 cm (85.7–104.9) (p = 0.0001). Similarly, inflammatory markers, as well as coagulation
parameters, significantly decreased after weight loss: CRP from 14.7 mg/dL (8.3–21.1)
to 8.1 mg/dL (4.7–11.5) (p = 0.0001), fibrinogen from 429.9 mg/dL (400.4–459.5 mg/dL)
to 301.5 (272.8–330.9) mg/dL (p = 0.0001), PAI 1 from 46.9 UI/mL (40.3–53.5) to 26.7 U/l
(20.4–33), von Willebrand factor 163.7% (149.8%–177.2) to 115.5% (109.1–121.9) (p = 0.0001),
factor VII from 155.6% (146.6–164.5) to 109.9% (103.6–116.3) (p = 0.0001).

TAFI value increased after slimming, from 65.6% (52-80) to 79.7% (74–88) (p = 0.0001).
Statistical regression analysis showed that at 12 months, the changes in BMI positively

correlated with those of CRP (r = 0.46, p = 0.025), fibrinogen (r = 0.44, p = 0.026), PAI-1
levels (r = 0.47, p = 0.019), VWF (r = 0.47, p = 0.045). Statistical analysis revealed significant
gender and BMI interaction effects.

4. Discussion

The relationship between NAFLD and venous thrombosis, particularly portal vein
thrombosis (PVT), is described in a limited number of patients. [22]. Nevertheless, splanch-
nic venous thromboembolism greatly contributes to the outcome and clinical course of
liver cirrhosis.

The clinical observation by Dentali et al. [23], that metabolic syndrome was diagnosed
in 50.5% of patients with idiopathic vein thrombosis, underlies the pathogenetic role of
the metabolic syndrome in venous thromboembolism, but the real incidence of thrombotic
events among NAFLD remains relatively unexplored.

It has long been known that diabetes, obesity, and hypertension increase the prothrom-
botic risk [11], but, to the best of our knowledge, this is the first study aimed at correlating
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coagulation assessment in the NAFLD and offering an overview of the interactions between
coagulation factors and fibrinolysis with inflammatory system in these setting.

The present study indicates that patients affected by NAFLD have elevated levels
of CRP, fibrinogen, PAI-1, von Willebrand factors, and F VII, which are known to be
associated with an increased risk of thrombosis. This further supports the in vivo data for
a hypercoagulable state existing in NAFLD [7]. On the other side, this study suggests that
systemic inflammation predisposes patients to endothelial dysfunction and thrombosis.
Recent data [9] examining plasma for levels of procoagulants and anticoagulants in patients
across the spectrum of NAFLD, including those with cirrhosis, support this. Although the
exact clinical implications of this finding remain unclear, we postulate that the imbalance
may be due to increased factor VIII and reduced protein C levels, which may lead to the
downstream hallmark effects of adverse cardiovascular events. The relationship between
coagulation and liver fibrosis in NASH patients remains to be explained.

Weight loss (at least 10% of basal body weight) induced by physical exercise is linked
with reduction in inflammatory and coagulation parameters thus reducing the thrombotic
risk. Similar findings were observed by a previous paper in obese patients undergoing
gastric banding after weight loss [24].

Data from the present studies show a highly significant and direct correlation between
fibrinogen, PAI-I, von Willebrand factor, and Factor VII, with morphometric parameters
such as BMI and waist circumference. On the other side, we observed a significant reduction
of coagulation factors and a decreased level of PAI-1 after weight loss induced by diet and
physical exercise. Conflicting results have also been observed regarding fibrinogen levels
in obese patients after dietary treatment [25].

The reduction of PAI-1 and von Willebrand factors (both markers of vascular/endothelial
damage) after weight loss strongly suggests an improvement of the endothelial dysfunction,
as already reported in a similar paper on metabolic syndrome and inflammation [26].

The reversibility of the damage remains to be explained. We cannot exclude that
increasing coagulation factors may be due to the fact that they are acute phase proteins,
in response to a chronic inflammatory state linked with metabolic syndrome. Similarly,
NAFLD is regarded as an inflammatory condition capable of activating coagulation and
impairing fibrinolysis. As a consequence, we observed significant increased levels of PCR
with a statistically significant correlation with BMI and waist circumference.

Nevertheless, the high prevalence of NAFLD among idiopathic vein thrombosis, as
observed by Dentali et al., corroborates the pathogenetic link between metabolic syndrome
and thrombogenesis [23].

Our patients with NAFLD have higher levels of PAI-1. The link between PAI-1 and
the metabolic syndrome with obesity was established many years ago [27], and increased
PAI-1 level can be now considered a true component of the syndrome. The production of
PAI-1 by adipose tissue, in particular by tissue from omentum, has been demonstrated and
could be an important contributor to the elevated plasma PAI-1 levels observed in insulin
resistant patients supporting the notion that PAI-1 can be a link between NAFLD, insulin
resistance and cardiovascular disease [28,29].

The increase of TAFI values after slimming in our cohort confirm that data of Lisman
et al. [30], which reported a deficiency of this inhibitor in cirrhosis patients.

Other gastroenterological autoimmune conditions (such as Celiac disease [31] and
inflammatory bowel disease [32]) are at an increased risk of venous thromboembolism;
the genetic link between those disease is well established. If the hypercoagulability is
confirmed in a future study, the genetic landscape of NAFLD patients has to be investigated
to discover a possible link.

Gut microbiota dysregulation plays a key role in the pathogenesis of nonalcoholic
fatty liver disease (NAFLD) [33] and in hypercoagulability [34] through its metabolites.
Therefore, the restoration of the gut microbiota and supplementation with commensal
bacterial metabolites, due to diet and change of lifestyle during our study, can be of
therapeutic benefit against the disease.
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Another consideration on our series regards the age. There are few reports on NAFLD
in the elderly population [35], although immobilization and comorbidities, well known
hypercoagulability risk factors, greatly impact on the course of these patients [19].

The main limitation of this study is the small number of patients. This is the result
of the highly selective criteria designed to ensure the absence of comorbidities and of the
classification of NAFLD in different subtypes according to histologic findings.

5. Conclusions

The originality of the paper lies in the observation that NAFLD is correlated with
increased prothrombotic and inflammatory factors, directly correlated with BMI and waist
circumference, which decrease after weight loss induced by physical exercise.

The second key message is that weight loss is linked to amelioration blood pressure,
metabolic control, and reduction of the prothrombotic state also in NAFLD. However,
larger studies are needed to confirm the observation and establish differences in subgroups
of NAFLD (steatosis; steatohepatitis (nonalcoholic steatohepatitis; NASH) and cirrhosis.
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Abstract: Reactivation of overt or occult HBV infection (HBVr) is a well-known, potentially life-
threatening event which can occur during the course of immunosuppressive treatments. Although it
has been described mainly in subjects receiving therapy for oncological or hematological diseases,
the increasing use of immunosuppressant agents in non-oncological patients observed in recent years
has raised concerns about the risk of reactivation in several other settings. However, few data can be
found in the literature on the occurrence of HBVr in these populations, and few clear recommenda-
tions on its management have been defined. The present paper was written to provide an overview
of the risk of HBV reactivation in non-neoplastic patients treated with immunosuppressive drugs,
particularly for rheumatological, gastrointestinal, dermatological and neurological diseases, and for
COVID-19 patients receiving immunomodulating agents; and to discuss the potential strategies for
prevention and treatment of HBVr in these settings.

Keywords: HBV infection; HBV reactivation; rheumatological diseases; gastrointestinal diseases;
neurological diseases; dermatological diseases

1. Introduction

Hepatitis B virus (HBV) represents one of the most important threats for public health.
According to the WHO estimates, approximately 3.5% of the global population was living
with a chronic HBV infection in 2015, and about 900,000 people died during the same year
from HBV-related cirrhosis or hepatocellular carcinoma [1]. Furthermore, after HBsAg loss,
the viral genome may persist in the hepatocytes, leading to a condition known as “occult
HBV infection” (OBI), which is defined as the presence of replication of competent HBV
DNA in the liver and/or blood of subjects testing negative for HBsAg [2].

In recent years, the increasing use of immunosuppressive treatments has led to a
growing incidence of HBV reactivation (HBVr) in patients with overt or occult infection [3].
As a systematic review recently published by our group estimated a prevalence of OBI in
Western countries ranging from 19% to 51% [4], and considering the incidence of immuno-
suppressive diseases and/or the use of immunosuppressive treatments, the risk of HBVr
has become high. Life-threatening reactivation episodes have frequently been described in
subjects undergoing immune suppression for oncological or hematological diseases [5,6];
however, little is known about the risk of HBVr in patients treated with immunosup-
pressants in other settings, such as rheumatological, gastroenterological, neurological, or
dermatological diseases, and most recently for SARS-CoV-2 pneumonia.

The present paper was written to provide an overview of the risk of reactivation
of HBV infection in non-oncological and non-hematological settings, and to discuss the
strategies for preventing and treating these life-threatening events.
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2. Epidemiology of HBV Infection

HBV belongs to the Hepadnaviridae family, which includes viruses with double-
stranded DNA and lipoprotein envelopes. It mainly infects hepatocytes and is one of the
most widespread viruses in the world. Despite the incisive vaccination programs that
have been carried out, HBV still remains a global health problem due to its enormous
burden in terms of morbidity and mortality. In fact, this virus can cause various clinical
manifestations: acute hepatitis B, inactive carrier state, and chronic hepatitis B, which can
lead to liver cirrhosis and hepatocellular carcinoma [7].

The WHO estimated that in 2015, chronic HBV infections affected about 257 million
people in the world, 68% of whom lived in Africa and the Western Pacific [8]. We should
point out that the prevalence of infection varies considerably by geographical area: in
the African regions, it is 4.6–8.5%; in the Western Pacific region, 6.2–7.6%; in the East
Mediterranean regions, the prevalence fluctuates between 2.6% and 4.3%; in South East
Asia between 1.5% and 4%; in Europe between 1.2% and 2.6%; and finally, in North
America, between 0.7% and 1.6% of the population is estimated to be HBsAg-positive [8].

In the regions with the highest prevalence, infection is mainly transmitted through
the vertical route or as a result of intrafamily contacts, and therefore, it is acquired at birth
or at an early age. These transmission routes contribute to maintaining high endemicity in
these areas, especially given the high rate of chronicization reported when the infection is
contracted during the first years of life. In regions with low prevalence, on the other hand,
HBV is acquired mainly in adulthood by sexual or parenteral contact; but in these regions
high HBsAg prevalence can be found in specific groups, such as among immigrants from
areas with high endemicity [9], people who inject drugs (PWID), men who have sex with
men (MSM), and people living with HIV (PLWHIV) [10].

Thanks to the extensive vaccination programs carried out, the prevalence of chronic
hepatitis B among children under the age of 5 fell to below 1% in 2019 (compared to 5% in
the pre-vaccination period or up to 2000), but the goal planned by the WHO—to eliminate
HBV infection as a major health problem—is still far from being achieved [11].

3. Natural History of HBV Infection

The natural history of chronic HBV infection has been divided into five phases, ac-
cording to the HBeAg serostatus, the viral load, the transaminase levels, and the grading
and staging of liver disease [12]. A HBeAg-positive chronic infection, previously called
“immunotolerant phase”, is characterized by a limited or absent immune response against
the virus, which leads to intense viral replication, with HBeAg positivity, ALT persistently
in the normal range, and no or minimal liver necroinflammation or fibrosis. During the
second phase, currently named “HBeAg-positive chronic hepatitis”, the host produces an
active immune response against viral antigens, causing a consequent reduction in viral load,
and elevation of transaminase levels and liver inflammation. The immune response can
eventually lead to control of the infection, with HBeAg seroclearance, low level replication
(HBV DNA < 2000 UI/mL), absence of ALT elevation, and mild or no necroinflammation
in the liver: these features define the phase of “HBeAg-negative chronic infection”. The
acquisition of mutations in the pre-core or basal core promoter regions, however, may
allow high-level viral replication despite the presence of antibodies against HBeAg, and
lead to elevation of the viral load and liver enzymes, concurrent moderate to severe liver
inflammation, and rapid progression of disease. Finally, as previously described, after
the HBsAg clearance, the viral genome can still remain detectable in the liver or plasma,
defining the “HBsAg-negative phase” or “occult B infection”; several data suggest that
the persistence of low-level replication in patients with occult infections can contribute to
the advancement of liver fibrosis and the development of hepatocellular cancer in patients
with other etiologies of liver disease, particularly hepatitis C virus (HCV) infections [13,14].

In patients with chronic hepatitis, the cumulative 5-year incidence of progression to
cirrhosis is estimated to be 8–20%. The wide variability can be determined by the viral load,
the HBeAg serostatus, and the presence of concomitant alcohol abuse or coinfection with
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HCV, hepatitis Delta virus (HDV), or human immunodeficiency virus (HIV) [15]. Once
cirrhosis occurs, the risk of decompensation is estimated to be around 20–25% per year,
and the 5-year survival is 20–30% [16]. Moreover, about 5–15% of cirrhotic patients develop
hepatocellular cancer during their lives [17].

4. HBV Reactivation following Immunosuppressive Treatments

Although many definitions have been proposed, HBV reactivation commonly refers
to either the de novo detection of HBV DNA or a ≥10-fold increase in HBV DNA level
compared with the baseline value in HBsAg-positive patients, and seroconversion to
HBsAg-positive status in previously negative subjects [18]. The biological basis of HBVr is
the persistence of the viral genome as ccc-DNA in liver cells.

Several risks factors for the occurrence of reactivation after immune suppression have
been identified [19].

As regards the host characteristics, the most important factor is the HBV immune
control preceding the treatment. Obviously, patients with chronic HBV infections are
significantly more at risk of reactivation compared to subjects with OBI, as demonstrated by
several studies in both oncological [20] and non-oncological settings [21,22]. Furthermore,
among HBsAg-negative subjects, the presence of anti-HBs has been related to a lower risk
of reactivation, as demonstrated by Seto et al. [23] among 63 patients receiving rituximab for
hematological malignancies. Other host factors that have been related to increased risk of
reactivation include male gender [24], older age [25], and underlying lymphoproliferative
diseases [5].

According to the agent used and the serostatus of the patient, the risk of HBVr
can be roughly classified into high risk (frequency of reactivation > 10% in the absence
of prophylaxis), medium risk (1–10%), or low risk (<1%) [18,26,27]. It is well known
that the use of specific drugs, such as B-cell depleting agents, is associated with a high
risk of reactivation in patients with both overt and occult infections [28]. Other drug
classes that can cause reactivation in more than 10% of cases among HBsAg-positive
subjects include anthracycline derivatives [20] and high dose corticosteroids (20 mg daily
of prednisone or equivalent) administered for more than 4 weeks of treatment [18]. In
particular, glucocorticoids have been demonstrated to directly stimulate HBV replication in
hepatoma cells through the activation of regulatory elements [29]. Additional drug classes
that have been related to reactivation in patients with overt and/or occult HBV infections
include inhibitors of TNF-alfa [22] or other cytokine or integrin inhibitors [30], and tyrosine
kinases [31] and JAK inhibitors [21]. Many of these agents have been used increasingly in
recent years in non-oncological settings, such as rheumatological diseases or inflammatory
bowel diseases, but less clear data on their impacts on HBV infection are available so far
among non-oncological populations.

5. Strategies for the Prevention and Treatment of HBV Reactivation

Since the likelihood of HBV reactivation depends on the type, duration, and intensity
of the immunosuppression, therapeutic strategies aimed at avoiding HBV reactivation are
modulated according to the risk profile of reactivation. The algorithm of HBVr prevention
according to HBsAg serostatus and risk of reactivation is shown in Figure 1.

Considering the phases of HBV infection, the patients with chronic hepatitis are at
high risk for HBVr and progression of liver damage, so and they should be evaluated for
treatment. Those with HBeAg-positive or HBeAg–negative chronic infections and those
with previous infections show various risks of reactivation, and should be evaluated for
HBV prophylaxis or pre-emptive therapy according to the immunosuppressive regimens
they will undergo [12].
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Figure 1. Algorithm of HBVr management in patients undergoing immunosuppression for non-oncological diseases.

In the patients with HBV-related hepatitis, a therapy with high genetic barrier nu-
cleos(t)ide analogues (entecavir (ETV), tenofovir (TDF), or tenofovir alafenamide (TAF))
should be started as soon as possible, as for non-immunocompromised subjects, so this is
considered therapy and not prophylaxis [12,32–35].

Instead, in patients with HBV infections undergoing treatments that involve moderate–
high risks of reactivation, some form of prophylaxis should be prescribed, preferably
an antiviral drug with a high genetic barrier, i.e., ETV, TDF, or TAF, as recommended
by international guidelines [12,32]. Lamivudine was the first nucleoside analogue used
as antiviral prophylaxis to reduce HBVr complications; however, the development of
resistance in patients requiring prolonged duration of therapy may lead to a re-emergence
of HBV DNA and a risk of HBVr, so newer nucleoside agents with high barriers to resistance
may provide additional options for antiviral prophylaxis [36]. According to the guidelines
of the American Gastroenterological Association (AGA), the use of lamivudine should
be limited to the prophylaxis of patients with undetectable viral loads at baseline or with
expected durations of prophylaxis of less than 6 months [32].

The prophylaxis should be started before the prescription of the immunosuppressive reg-
imen and continued until 12–18 months after the discontinuation of the treatment [32,37–39].

HBsAg-negative, anti-HBc-positive patients should be considered for antiviral pro-
phylaxis or pre-emptive therapy according to the HBV DNA at baseline.

Patients with positive HBV DNA at baseline should receive prophylaxis similarly to
patients with overt infections. Conversely, the management depends on the risk of HBV
reactivation: when the risk of reactivation is high (e.g., the use of B-cell depleting agents),
a prophylactic agent should be prescribed. In the case of a moderate risk of reactivation,
the correct strategy is still a matter of debate. The guidelines of the European Association
for Study of Liver (EASL) recommend a pre-empitve therapy strategy [12], although a
prophylaxis can be considered, according to the AGA guidelines [32]. Instead, with a low
risk of reactivation, a strategy based on pre-emptive therapy is generally recommended.
Patients should undergo close monitoring during and after the immunosuppression. If
HBsAg seroreversion occurs, antiviral therapy with a nucleos(t)ide analogue should be
initiated.
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However, in select patients with previous infection and low risk of reactivation, but
with advanced liver disease due to a different etiology, lamivudine prophylaxis may be
considered, to avoid the risk of a life-threatening hepatic failure following the reactiva-
tion [12,32,40,41].

As regards the monitoring of the patients for whom prophylaxis is envisaged, liver
function tests and HBV DNA for patients with HBV infections and HBV DNA/HBsAg tests
for patients with resolved HBV infection should be performed every 3–6 months during
prophylaxis and up to 12–18 months after stopping the antiviral treatment, as an episode of
reactivation can still occur after the interruption of the antiviral therapy. Instead, in patients
with HBV related diseases for whom therapy is envisaged, virological and biochemical
monitoring is lifelong [12,32].

In the following sections we discuss the risk of reactivation related to the use of
immunosuppressant agents in non-oncological settings and provide an overview of the
possible management strategies.

5.1. Risk of HBV Reactivation in Gastroenterological Diseases

Autoimmune and inflammatory disorders, such as Crohn’s disease and ulcerative
colitis, are common gastroenterological conditions that often require the use of immuno-
suppressive therapies. Disease severity and the relapsing and remitting course affect the
selection of the right drug. Agents commonly used include corticosteroids, immunomodu-
lator agents (e.g., azathioprine/mercaptopurine and methotrexate), biological therapies
(i.e., tumor necrosis factor (TNF) inhibitors), anti-adhesion therapy, anti-IL12/23 p40 anti-
body, and Janus kinase (JAK) inhibitor in the ultra-refractory cases.

A list of studies evaluating the risk of HBV reactivation in patients with gastroenteric
diseases treated with immunosuppressive agents is reported in Table 1. In a retrospective
study of 8887 patients treated with TNF inhibitors for autoimmune disorders, HBVr was
observed in 9 of the 23 HBsAg-positive patients and 2 of 4267 patients in the unknown
HBV status group [22]. Concomitant immunosuppressives, including steroids and non-
biological immunosuppressants, were also associated with HBVr.

In a Spanish multicenter analysis of 162 patients with inflammatory bowel disease
(IBD) treated with different immunosuppressant drugs, the authors described HBVr in 9
(36%) out of the 25 HBsAg-positive patients; however, none of the HBsAg-negative but
anti-HBc positive subjects patients reported HBVr [42]. In addition, the authors found that
treatment with ≥2 immunosuppressive agents was an independent predictor of HBVr (OR
8.75; 95% CI 1.16–65.66).

Morisco et al. [43], in a retrospective study, evaluated 5096 patients with IBD and found
a lower rate of HBVr; indeed, HBVr was detected in only one of six (16%) HBsAg-positive
patients treated with a therapeutic regimen that included infliximab and azathioprine.

In a systematic review evaluating 257 subjects with positive hepatitis B markers (89
were HBsAg-positive and 168 were HBsAg-negative/anti-HBc-positive carriers) treated
with anti-TNF inhibitors for IBD and other autoimmune disorders, Perez-Alvarez et al. [44]
found a lower rate of reactivation in patients who had antiviral prophylaxis (23% vs. 62%,
p = 0.003) but a higher rate in those already treated with immunosuppressive drugs (96%
vs. 70%, p = 0.033).

In a national cohort of 3357 patients with IBD in the USA, Shah et al. did not identify
a single case of confirmed clinically relevant HBVr after anti-TNF starting [45].

As regards HBsAg-negative/anti-HBc-positive subjects with IBD, only a few cases
of HBVr have been described. Clarke et al. [46] investigated the prevalence of HBVr in
a single-center retrospective cohort analysis of 120 HBsAg-negative/anti-HBc-positive
subjects (anti-TNF treatment in 19% of the cases), and found a low rate of HBV reactivation
(0.8%). Solay et al. [47] assessed 29 cases of patients with resolved HBV infection who
received biological treatment: HBVr was observed in five patients (17.2). Pauly et al.
reported that not one of the 178 HBsAg-negative/anti-HBc-positive subjects treated with
TNF antagonists had documented HBVr [22]. Additionally, Papa et al. [48] reported no
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cases of HBV reactivation in 22 HBsAg-negative/anti-HBc-positive IBD patients treated
with anti-TNF. Additionally, no HBVr and/or associated biochemical breakthrough was
detected in a retrospective study that evaluated 90 patients (of whom 13 with IBD) with past
HBV infection who received anti-TNF treatment [49]. In the above-mentioned systematic
review [44], the authors reported an HBVr rate of 39% in HBsAg-positive patients and 5%
in HBsAg-negative/anti-HBc-positive patients.

In conclusion, complete serology for HBV is required in IBD patients to determine
the virological status (active carrier, inactive carrier or anti-HBc positivity), since the
HBV profile affects the choice of HBV therapy, prophylaxis, or monitoring. In fact, in
consideration of the higher risk of reactivation, IBD patients who are HBsAg-positive
carriers should receive prophylactic antiviral treatment with nucleotide or nucleoside
analogues before the introduction steroids at moderate to high doses (>20 mg/die of
prednisone or equivalent) for more than 4 weeks, azathioprine, anti-TNF therapy, or
ustekinumab. Treatment may be lifelong in patients with chronic HBV and for at least one
year after discontinuing immunosuppressive therapy in HBsAg asymptomatic carriers.

The approach to IBD patients who are HBsAg-negative and anti-HBc-positive is not
standardized across the various guidelines. The American Gastroenterological Association
recommends antiviral prophylaxis for HBsAg-negative/anti-HBc-positive patients treated
with anti-TNF or with corticosteroids (10–20 mg or >20 mg prednisone daily for 4 weeks);
there is a moderate risk of reactivation in this population [32]. The European Association for
the Study of the Liver [12] and the European Crohn and Colitis Organization guidelines [50]
suggest the strategy of active monitoring of viremia and recommend that antiviral agents
be initiated once HBV DNA or seroconversion to positive HBsAg is detected. Therefore,
considering the indications of the published guidelines and the scant data available in the
literature in support of antiviral prophylaxis, HBsAg monitoring every 2–3 months may be
recommended for such patients.

5.2. Risk of HBV Reactivation in Dermatological Diseases

Immunosuppressive drugs, both conventional and biological, are used in many dif-
ferent dermatological diseases, among which psoriasis is the most common and affects
approximately 125 million people worldwide [51]. Conventional disease modifying drugs
(cDMARDs) include acitretine, cyclosporin A, and methotrexate; and biological DMARDs
(bDMARDs) include etanercept, adalimumab, infliximab, ustekinumab, golimumab, cer-
tolizumab, and secukinumab. Trials investigating new drugs do not usually involve HBV
patients, so data on their safety regarding HBV reactivation in patients with psoriasis are
based mostly on case reports and small retrospective cohort studies.

Table 2 summarizes the studies evaluating reactivation of current and past HBV
infections in the setting of dermatological disease.

Chiu et al. [52] evaluated the risk of reactivation of HBV in 14 psoriatic patients
undergoing therapy with ustekinumab. Two out of the seven (29%) HBsAg-positive
patients not receiving prophylaxis showed HBVr during ustekinumab treatment, whereas
no reactivation was observed among the 3 HBsAg-negative/HBcAb-positive patients.

In a retrospective cohort study, Ting et al. [53] included 54 subjects with active or
previous infections. Only three patients experienced virological reactivation. The calculated
incidence rate of annual HBV reactivation with ustekinumab was 17.4% among inactive
HBV carriers without prophylaxis and 1.5% in the occult hepatitis B infection group.

A retrospective study by Snast et al. [54] reported no reactivation among 25 psoriatic
patients with past infections and one with a current HBV infection treated with biological
therapies. Similar results were observed in an Italian study among patients with psoriasis
and chronic HBV infection treated with adalimumab [55].

In a cohort study published in 2018 [56], the authors followed-up 32 patients with
psoriasis and concurrent positive HBV markers (chronic inactive and occult cases) treated
with biological agents (adalimumab, etanercept, ustekinumab) for at least 24 weeks and
found no evidence of viral reactivation 3 months after stopping treatment.
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Finally, a meta-analysis performed by Cantini et al. [57] estimated a pooled prevalence
of HBVr of 3% among subjects with previous HBV infections, and of 15.4% in patients with
overt infections during treatment with anti TNF for dermatological and rheumatological
diseases.

Although the reliability of many of these studies is limited by small numbers of
subjects and short periods of follow-up, the available evidence suggests that in HBsAg-
positive patients who receive treatment with immunosuppressive drugs associated with
moderate risk of HBV reactivation (anti-TNFα, including etanercept, adalimumab, and
golimumab; and cytokine or integrin inhibitors, such as ustekinumab or secukinumab),
antiviral prophylaxis would be preferable; for HBsAg-negative/anti-HBc–positive patients,
both antiviral prophylaxis and close monitoring with pre-emptive therapy are feasible
options.

5.3. Risk of Reactivation in Rheumatological Diseases

Rheumatological drugs include corticosteroids, non-steroidal anti-inflammatory drugs
(NSAIDs), analgesic drugs, and disease-modifying antirheumatic drugs (DMARDs). The
latter are divided into conventional synthetics (cs) and biological (b) drugs.

The csDMARDs include sulfasalazine; methotrexate; hydroxychloroquine; lefluno-
mide; and less frequently, azathioprine, gold salts, and minocycline [58]. The bDMARDs
can instead be distinguished on the basis of mechanism of action into TNF inhibitors (etan-
ercept, infliximab, adalimumab, certolizumab, and golimumab), IL-1 inhibitors (anakinra,
and canakinumab), IL-6 and IL-6R inhibitors (tocilizumab and sarilumab, respectively),
inhibitors of IL-17 (secukinumab and ixekizumab), IL-23 inhibitors (ustekinumab and
guselkumab), and JAK kinase inhibitors (tofacitinib, baricitinib, upadacitinib, filgotinib,
and peficitinib [59,60].

Studies that provided data on HBVr in patients with rheumatological diseases are
shown in Table 3. HBVr has been found in rheumatological patients receiving both csD-
MARD and bDMARD treatment. Among the csDMARDs, methotrexate has been widely
used, but its impact on HBVr has not yet been clarified. A Thai study did not report
episodes of reactivation among 65 HBcAb-positive, HbsAg-negative rheumatological pa-
tients treated for nine years with methotrexate [61], whereas seven cases of reactivation,
five of which were severe, were described in the literature among patients with overt HBV
infections treated with the same drug [62–66].

A study by Chen et al. [67] enrolling 123 HbsAg-positive subjects with rheumatoid
arthritis from 2006 to 2012 demonstrated a higher risk of HBVr (occurring in 30 patients)
when csDMARDS were combined with other immunosuppressants: in particular, low-
dose glucocorticoids with csDMARDs and bDMARDs (excluding rituximab) caused an
HBV reactivation in 54.5% of cases, bDMARDs (excluding rituximab) associated with
csDMARDs coincided with reactivation in 5.9% of patients, and the risk of HBVr for
csDMARDs associated with glucocorticoids was 12.5%. Regarding outcomes, despite
antiviral treatment being initiated at the time of HBVr appearance, 13 (43.3%) patients
developed severe hepatitis and 5 (16.7%) hepatic decompensation, with death in three
cases.

As regards anti-TNF bDMARDs, a study by Ryu et al. [68] recorded two (6.9%) cases
of HBVr within one year of anti-TNF treatment among 29 patients not receiving a primary
prophylaxis. Only one reactivation (9%) was recorded in the prophylaxis group (20 patients)
at the 64th week of therapy with bDMARDs.

Regarding HbsAg-negative patients, a prospective multicenter study by Fukuda et al. [69]
described an HBVr rate of 1.93/100 people/year among 1042 patients undergoing immuno-
suppressive treatment for rheumatological diseases. The incidence of reactivation among
patients testing negative for HBsAb was significantly higher than that of HBsAb-positive
subjects (4.32 vs. 1.42/100 persons/year). No liver dysfunction occurred during HBVr.
In a subsequent paper on the same group, 57 cases of HBVr (0.43/100 persons/year) oc-
curred over the course of 4 years; age >70 years [70]. The presence of isolated anti-HBc

96



J. Clin. Med. 2021, 10, 5201

antibodies and immunosuppressive therapy other than monotherapy with methotrexate
were found to be independent risk factors for HBVr. The authors proposed a scoring
system to distinguish between patients at higher and lower risks of reactivation. Finally,
in a meta-analysis published in 2013, Lee et al. [71] reported eight (1.7%) cases of HBV
reactivation among 468 patients with previous HBV infections who underwent anti-TNF
treatment for rheumatic disease.

In a study by Varisco et al. [72], HBVr was evaluated in patients with previous HBV
infections treated with methotrexate plus rituximab (with or without steroids) for rheuma-
toid arthritis. None of the subjects received antiviral prophylaxis for HBV. No case of
seroreversion to HbsAg positivity was observed, but 6 out of 28 (21%) HBsAb-positive
patients presented a decrease (>50%) in the antibody titer. Only one patient was positive
for HBV DNA after 6 months of treatment with rituximab; the subject was promptly treated
with lamivudine, avoiding an exacerbation of hepatitis.

In a study by Urata et al. [73], 135 HBsAg-negative and anti-HBc-positive patients
undergoing immunosuppressive treatment for rheumatoid arthritis were prospectively
evaluated. HBV DNA was positive during follow-up in seven cases (5.1%). The patients
who received bDMARDs had a significantly higher rate of HBV reactivation compared
with those who were treated with other immunosuppressants (p = 0.008), with a hazard
ratio of 10.9 (1.4–87.7).

Nakamura et al. [74] evaluated 57 patients with rheumatoid arthritis treated with
bDMARDs and a previous HBV infection, with a median observation of 18 months. No
antiviral prophylaxis was prescribed. HBV DNA became positive in 5.3% of the popula-
tion, specifically in two patients treated with tocilizumab and in one patient treated with
etanercept. However, there were no significant changes in markers of liver function, and
no patient required antiviral therapy.

Regarding the JAK kinase inhibitors, a study by Harigai et al. [75] included 215 patients
with previous or current HBV infections, treated with baricitinib (with or without csD-
MARDs) for rheumatoid arthritis, in four clinical trials. All patients tested negative for
HBV DNA at baseline. During the follow-up, 32 (14.9%) patients tested positive for HBV
DNA, but only four of them met the HBV reactivation criteria (HBV DNA ≥ 100 IU/mL).
The use of baricitinib was discontinued temporarily in two patients and permanently in
four. In no case was there clinical evidence of hepatitis.

In conclusion, the risk of HBVr depends on the subject’s immunosuppressive status
and the baseline condition of HBV infection. For both HBsAg-positive and HBsAg-negative
patients, the risk of HBVr is low with csDMARDs, including methotrexate, leflunomide, and
azathioprine; and short (<4 weeks), low-dose (<10 mg/day of prednisone or equivalent)
cortisone-based therapies. However, it is moderate with anti-TNFs (etanercept, infliximab,
and adalimumab) or tyrosine kinase inhibitors (such as baricitinib), and is even higher with
combination therapies; thus, an antiviral prophylaxis should be recommended in these
cases [18,76].

5.4. Risk of HBV Reactivation in Neurological Diseases

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system
(CNS) causing demyelination, that causes progressive neurodegeneration and disability.
Glucocorticoids have been widely used to manage the acute phases of the disease, although
their effectiveness tends to decrease over time. However, disease modifying drugs acquired
a central role in the treatment of MS outpatients. So far, a series of biological therapies
have been approved which are distributed in the first, second, and third lines of treatment.
All have some degree of immunosuppressive potential: they mainly include anti-CD20
monoclonal antibodies (ocrelizumab, ofatumumab), anti-CD52 antibodies (alemtuzumab),
a4b1 integrin inhibitor (Natalizumab), DNA intercalator (Mitoxantrone), and sphingosine-1
phosphate inhibitor (fingolimod) and its modulators (siponimod, ozanimod) [77].
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Although all these drugs seem to be related to HBVr, limited data are available in the
literature concerning the risk of HBVr when used in a neurological setting. Ciardi et al. [78]
reported a case of HBVr in a patient with a previous HBV infection treated with ocrelizumab
for multiple sclerosis who did not receive prophylaxis. Although many authors agree on
the need for antiviral prophylaxis in patients treated with ocrelizumab, similarly to what is
recommended for other anti-CD20 antibodies, no clear and definitive consensus exists on
the best prevention strategies in subjects receiving other immunosuppressive drugs in this
setting [79]. Further studies are needed to clarify this point.

5.5. Risk of HBV Reactivation in COVID-19 Patients

The SARS-CoV-2 pandemic has been responsible for more than 150 million cases and
over 3 million deaths as of April 2021, according to the data reported on the online dash-
board implemented by the Johns Hopkins University [80]. Several immunosuppressive
and immunomodulating agents have been adopted for the treatment of COVID-19, such as
corticosteroids, which are currently recommended by the WHO guidelines for severe or
critical diseases [81], and interleukin-6 (IL-6) inhibitors, which have been tested in several
clinical trials compared to the standard of care [82].

As already stated, high dose glucocorticoids significantly increase the risk of reactiva-
tion in both overt and occult B infections [18]. However, limited data are available in the
literature on the HBVr rate of COVID-19 patients treated with corticosteroids. A retrospec-
tive study reported three cases of HBVr, two of whom had received methylprednisolone
treatment, among 20 Chinese HBsAg-positive, treatment-naïve patients hospitalized for
SARS-CoV-2 pneumonia between January and March 2020 [83].

Regarding the IL-6 inhibitors, several studies have reported an increased risk of HBVr
in patients receiving tocilizumab for rheumatological diseases [84]. However, a retrospec-
tive cohort study [85] including 29 HBsAg-negative/anti-HBc-positive patients receiving
immunosuppressive treatment for COVID-19 (mostly tocilizumab or siltuximab) reported
no case of HBVr requiring antiviral treatment. Only two patients showed detectable HBV
DNA during the follow-up, in both cases below the limit of quantification (<15 UI/mL).
Most probably, the short duration of treatment limits the risk of reactivation in this set-
ting. No data are available on the risks related to other immunosuppressive agents that
have been used in COVID-19 patients, such as baricitinib, ruxolitinib, and tofacitinib;
however, these drugs have been associated with significant risks of HBVr reactivation in
other settings [75]. Therefore, all patients expected to be treated with corticosteroids for
more than 7–10 days or with other immunosuppressive drugs for COVID-19 pneumonia
should be screened for current and previous HBV infections, in order to evaluate the risk
of reactivation and implement preventive strategies when needed.

6. Conclusions

The growing use of immunosuppressive treatments in patients with a large variety of
non-oncological diseases has drawn attention to the risk of reactivation of HBV infection
in many settings. However, the available data on the risk of HBVr related to the different
drugs are limited and fragmentary. Further prospective studies are needed to assess the
best preventive strategies to reduce the occurrence of these potentially life-threatening
events.
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Abstract: Early detection of gastric cancer is important. However, rapid growth of gastric cancers that
cannot be resected endoscopically occurs even with periodic check-ups. Accordingly, we assessed
factors associated with the speed of gastric cancer growth by examining historical endoscopic images.
A total of 1996 gastric cancer cases were screened, and characteristics of lesions with slow and rapid
growth were assessed. A total of 114 lesions from 114 patients were included in the assessment.
Sixty slow-growing and fifty-four rapidly growing gastric cancers were compared. Female sex
and incidence of lesions in the lower part of the stomach were significantly less frequent in the
rapid-growth group than in the slow-growth group. History of endoscopic treatment tended to be
more frequent in the rapid-growth group. Age, body mass index, histology, Helicobacter pylori status,
and medications did not differ significantly between groups. Xanthoma was significantly related to
rapid growth of gastric cancer, and map-like redness tended to be more frequent in the rapid-growth
group in univariate analysis. Xanthoma was significantly related to rapid growth of gastric cancer on
multivariate analysis. Further studies are warranted to clarify the pathophysiological mechanisms
involved in the speed of gastric cancer growth.

Keywords: gastric cancer; growth; xanthomatosis

1. Introduction

Gastric cancer remains an important cancer worldwide, responsible for over 1,000,000
new cases and an estimated 783,000 deaths in 2018 (equivalent to 1 in every 12 deaths
globally), making it the fifth most frequently diagnosed cancer and the third leading cause
of cancer death [1]. On a global scale, the incidence of gastric cancer is higher in Asia than
in Europe or Northern America. In a previous report, cases of Helicobacter pylori gastritis
from seven countries were evaluated and the highest scores for antral atrophy were found
in Japan [2]. Chronic atrophic gastritis is strongly associated with gastric cancer, and the
incidence of gastric cancer is high in East Asia [3].

Early detection of gastric cancer has therefore recently been the focus of screening
examinations. Subjects in Korea who underwent upper gastrointestinal endoscopy were
less likely to die from gastric cancer [4]. Upper gastrointestinal endoscopy screening
achieved a 30% reduction in gastric cancer mortality within 36 months before the date of
gastric cancer diagnosis [5]. Based on such data, health check-ups by upper gastrointestinal
endoscopy are currently recommended every other year in Japan and Korea [6]. When
cancers are detected at an early stage and can be treated endoscopically, quality of life is
significantly better after endoscopic submucosal resection compared to surgery [7].

However, rapid growth of gastric cancers that could not be resected endoscopically
has been reported even in patients receiving periodic check-ups [8]. Previous reports have
shown the natural history of gastric cancers in specific subjects who were not treated for
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various reasons [9]. A report showed that the median time to progression from tumor-
node-metastasis stage I to stage II was 34 months, and no risk factors for cancer progression
were found [10]. Cases of gastric cancer remained as mucosal cancer for 3–9 years [11,12].
As cancers that remain untreated necessarily show specific conditions and the patients are
often not in a good state of health, outcomes from these patients cannot be generalized as
representing the natural history of gastric cancer. Furthermore, no studies have assessed the
speed of gastric cancer growth and prospective follow-up of cases is ethically unacceptable.

Studies assessing patients and endoscopic factors (e.g., sex, gastric xanthoma, atrophy,
and intestinal metaplasia) associated with the speed of gastric cancer growth are therefore
needed to reveal those high-risk gastric cancer patients who should be followed closely.
Accordingly, the present study was conducted to identify factors associated with the speed
of gastric cancer growth by examining historical images from endoscopy.

2. Materials and Methods
2.1. Study Design, Setting and Participants

Patients who underwent esophagogastroduodenoscopy (EGD) at Hyogo College of
Medicine (Nishinomiya, Japan) from March 2012 to December 2019 were assessed. During
the study period, 49,587 EGDs were performed, and 1996 cases of gastric cancer were
diagnosed. After excluding cases with no history of EGD 1 year or more before detection,
cases and lesions with a history of EGD were counted.

Patients were excluded if they satisfied any of the following exclusion criteria: remnant
stomach, familial adenomatous polyposis (FAP), or lack of data years before detection
(including cases without identified lesion location in the initial EGD). Included cases were
classified as a slow-growth group, comprising patients whose findings showed cancer
in previous endoscopic images (Figure 1), or a rapid-growth group, comprising cases
whose findings showed no cancer in previous endoscopic images (Figure 1) [6,13,14]. The
study protocol was approved by the ethics committee/institutional review board at Hyogo
College of Medicine, Japan (approval no. 201909-047) on 24 June 2019.

2.2. Definition of Lesion

The date of EGD examination that led to the diagnosis of gastric cancer was used
as the index data for endoscopy. The slow-growth group comprised cases in which the
lesion was detectable with careful retrospective inspection at least 2 years before the index
EGD examination as initial data [8]. We used a period of 2 years because the current
recommended interval for screening upper gastrointestinal endoscopy for health check-ups
is every other year [6]. The color and surface structure observed during the initial EGD
examination were compared between the expected location and surrounding mucosa using
saved images, and lesions were defined as present when findings were different from those
of the surrounding mucosa. The rapid-growth group comprised cases in which no lesions
were detected 1–2 years before the index EGD.

The definition of no lesion at two years before the index EGD was dependent on
the review of the two experts. To make the decision more objective, differences in color
on images, as one of the factors used to distinguish lesions, were assessed using image-
analysis software (ImageJ; National Institutes of Health, Bethesda, MD, USA). The method
for evaluating objectivity was based on a previously reported technique [15]. Briefly,
endoscopic images were converted into JPEG images. Using the default method, i.e.,
the “Measure” tool in the “Analyze” menu, mean gray values (MGVs) of the lesion and
perilesional normal mucosa were calculated. MGV of the lesion was measured at one
location, and the perilesional mucosa was calculated as the average of MGVs from four
locations. Color index was defined using the following equation: color index = |(lesion
MGV/mean perilesional MGV) − 1|. With this method, an absence of any color difference
between the lesion and perilesional mucosa would provide a value of 0 (Figure 2).
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Figure 1. Representative lesions showing slow and rapid gastric cancer growth. A slow-growing 

lesion at two years before diagnosis (A) and at the time of diagnosis (B). The site of a rapidly grow-

ing lesion at two years before diagnosis (C) and at the time of diagnosis (D). 

 

Figure 2. Assessment of color index. One central lesion and 4 surrounding points were evaluated to 

determine the color index. Black circle, lesion area. Yellow circles, surrounding areas. 
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lesion at two years before diagnosis (A) and at the time of diagnosis (B). The site of a rapidly growing
lesion at two years before diagnosis (C) and at the time of diagnosis (D).
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2.3. Definition of Related Factors

Factors were identified by comparing the slow- and rapid-growth groups. Factors used
in the present study were the characteristics of the patient and lesion, including age, sex,
body mass index (BMI), family history of gastric cancer, history of endoscopic treatment,
location, size, macroscopic type [16], histology, H. pylori infection, use of proton pump
inhibitors (PPIs), use of statins, use of steroids, use of aspirin, and use of non-steroidal anti-
inflammatory drugs (NSAIDs). The characteristics of endoscopic findings were defined
using the Kyoto classification of gastritis [17] and confirmed by index endoscopies. Cancer
location was classified into two types: lower part (angle and antrum) and other parts. H.
pylori infection was detected based on endoscopic features, rapid urease test, urea breath
test, or serum antibody. The use of PPIs, statins, steroids, aspirin, or NSAIDs was defined
when these factors were present for more than 6 months before the detection of gastric
cancer.

2.4. Statistical Analysis

To determine factors related to the rapid growth of gastric cancer, we estimated odds
ratios and 95% confidence intervals (CI). Age and BMI were compared using Student’s
t-test, and macroscopic type was compared using Fisher’s exact test. Sex, family history of
gastric cancer, history of endoscopic treatment, location, histology, H. pylori infection, PPI,
statin, steroid, aspirin, NSAID, atrophy, xanthoma, map-like redness, intestinal metaplasia,
diffuse redness, enlarged fold and nodularity were compared using the chi-square test for
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univariate analyses and unconditional logistic regression for multivariate analysis. Factors
showing values of p < 0.1 on univariate analysis were used in the multivariate analysis. All
reported p-values were two-sided, and values less than 0.05 were considered statistically
significant. JMP® was used for all statistical analyses (version 14; SAS Institute Inc., Cary,
NC, USA).

3. Results
3.1. Characteristics of Patients and Lesions

During the study period, 49,587 EGDs were performed, and 1996 cases were diagnosed
with gastric cancer. Patients were excluded if they satisfied any of the following exclusion
criteria: no history of EGD ≥ 1 year before detection (n = 1747), remnant stomach (n = 25),
FAP (n = 2), or no data 2 years before detection (n = 108). A total of 114 lesions from 114
patients were finally included in the present study (Figure 3). The mean age of patients was
72.1 years, and 42 patients were female. Three cases were not infected with H. pylori, 19
showed present infection, and 92 were post-eradication. The pathological diagnoses of the
slow-growth group obtained from index data were pap, 1; tub1, 47; tub2, 4; por1, 2; por2,
2; sig, 2; and gastric adenocarcinoma of fundic gland type (GA-FG), 2. The pathological
diagnoses of the rapid-growth group were pap, 2; tub1, 38; tub2, 5; por1, 1; por2, 4; sig, 2;
and GA-FG, 2. Gastric xanthoma was detected in 53 (46.5%) of the 114 patients included in
the present study. Reasons for undergoing EGD were periodic check-up due to H. pylori
infection and eradication history in 97.4%.
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3.2. Factors Related to Speed of Gastric Cancer Progression

Data for the initial endoscopy were extracted at 41 months (interquartile range (IQR),
29–64 months) before the index endoscopy for the slow-growth group and at 16 months
(IQR, 13–24 months) for the rapid-growth group. To make identifying the presence of
the initial lesion more objective, differences in color were assessed by color index in the
areas of lesions. Color index was significantly higher in the slow-growth group than in
the rapid-growth group (0.16, 95% CI 0.11–0.21 vs. 0.04, 95% CI 0.03–0.06, respectively;
p < 0.01).

The demographics and characteristics of the slow-growth group (n = 60) and rapid-
growth group (n = 54) are summarized in Table 1. Female sex and presence of the lesion in
the lower stomach were significantly less frequent in the rapid-growth group than in the
slow-growth group (Table 1). History of endoscopic treatment tended to be more frequent
in the rapid-growth group, although the difference was not significant. Age, BMI, histology
of the lesion, H. pylori infectious status, and use of medications likewise did not differ
between groups. In cases after H. pylori eradication, the duration until the detection of
gastric cancer after eradication did not differ between groups. Lesion depth did not differ
between slow- and rapid-growth groups (slow growth: m, 51; sm1, 5; sm2, 2; and ss, 2 vs.
rapid growth: m, 43; sm1, 1; sm2, 5; mp, 1; and ss, 4).
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Table 1. Characteristics of patients and lesions.

Slow Growth
(n = 60)

Rapid Growth
(n = 54)

Univariate OR
(95% CI) p-Value

Age, mean (SD), years 72.4 (10.1) 71.9 (7.8) 0.99 (0.95–1.04) 0.785
Sex (female), n (%) 28 (46.7) 14 (25.9) 0.40 (0.18–0.88) 0.023

BMI, mean (SD) 22.9 (3.6) 23.4 (3.6) 1.04 (0.94–1.16) 0.439
Endoscopy interval, months,

median (IQR) 41 (29–64) 16 (13–24) 0.65 (0.52–0.81) <0.001

Family history of GC, n (%) 1 (1.7) 1 (1.9) 1.11 (0.07–18.2) 0.940
History of endoscopic

treatment, n (%) 12 (20.0) 20 (37.0) 2.04 (0.89–4.66) 0.092

Location (lower part), n (%) 38 (63.3) 22 (40.7) 0.40 (0.19–0.85) 0.017
Size, median (IQR), mm 12 (5.3–15.8) 10 (6.0–16.0) 0.98 (0.95–1.02) 0.274
Macroscopic type, n (%)

0–I 3 (5.0) 0 0.246 †

0–IIa 19 (31.7) 14 (25.9) 0.540 †

0–IIc 32 (43.3) 34 (57.4) 0.345 †

0–IIa + IIc 4 (6.7) 1 (1.9) 0.367 †

Type 1 1 (1.7) 0 1.000 †

Type 2 0 4 (7.4) 0.253 †

Type 3 1 (1.7) 0 1.000 †

Type 4 0 0 -
Type 5 0 1 (1.9) 0.473 †

Histology (diffuse), n (%) 6 (10.0) 7 (13.0) 1.34 (0.42–4.27) 0.620
H. pylori infection, n (%)

Negative 3 (5.0) 0 (0.0) - -
Eradication 44 (73.3) 48 (88.9) 1.00 -

Positive 13 (21.7) 6 (11.1) 0.42 (0.15–1.21) 0.108
PPI, n (%) 29 (48.3) 18 (33.3) 0.53 (0.25–1.14) 0.106

Statin, n (%) 23 (38.3) 14 (25.9) 0.56 (0.25–1.25) 0.160
Steroid, n (%) 7 (11.7) 10 (18.5) 1.72(0.60–4.89) 0.309
Aspirin, n (%) 8 (13.3) 5 (9.3) 0.66 (0.20–2.17) 0.497
NSAID, n (%) 7 (11.7) 2 (3.7) 0.29 (0.06–1.47) 0.135

† Fisher’s exact test. OR, odds ration; SD, standard deviation; BMI, body mass index; GC, gastric cancer; IQR,
interquartile range; PPI, proton pump inhibitor; NSAID, non-steroidal anti-inflammatory drug.

Univariate analyses of characteristics from endoscopic images showed that xanthoma
correlated significantly with rapid growth of gastric cancer (Table 2). The incidence of
map-like redness tended to be greater in the rapid-growth group, although the difference
was not significant. Atrophy, intestinal metaplasia, and diffuse redness did not differ
between groups. Multivariate analysis showed that xanthoma was significantly related to
rapid growth of gastric cancer (Table 3).

Table 2. Characteristics of endoscopic image.

Slow Growth
(n = 60)

Rapid Growth
(n = 54)

Univariate OR
(95% CI) p-Value

Atrophy (open), n (%) 48 (80.0) 46 (85.2) 0.70 (0.26–1.86) 0.469
Xanthoma, n (%) 22 (36.7) 31 (57.4) 2.33 (1.10–4.94) 0.028

Map-like redness, n (%) 8 (13.3) 15 (27.8) 2.50 (0.96–6.49) 0.060
Intestinal metaplasia, n (%) 51 (85.0) 40 (74.1) 0.50 (0.20–1.28) 0.151

Diffuse redness, n (%) 11 (18.3) 8 (14.8) 0.77 (0.29–2.10) 0.615
Enlarged fold, n (%) 2 (3.3) 0 (0.0) - -

Nodularity, n (%) 0 (0.0) 0 (0.0) - -
OR, odds ratio; CI, confidence interval.
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Table 3. Multivariate analysis.

Multivariate OR
(95% CI) p-Value

Sex (female) 0.49 (0.21–1.16) 0.103
Location (lower part) 0.53 (0.24–1.20) 0.129
History of endoscopic

treatment 1.26 (0.50–3.14) 0.627

Xanthoma 2.39 (1.06–5.39) 0.037
Map-like redness 1.96 (0.69–5.54) 0.207

OR, odds ratio.

4. Discussion

The present study assessed the speed of gastric cancer growth by assessing previous
upper gastrointestinal endoscopic images to reveal characteristics of rapidly progressing
cancers that were found by surveillance approaches. Xanthoma was found to be associated
with rapid growth of gastric cancer. Although the natural history of gastric cancer was first
assessed 65 years ago [18], no reports appear to have described factors related to the speed
of gastric cancer growth. The present study is the first to reveal factors affecting the speed
of gastric cancer progression.

4.1. H. pylori Infection

H. pylori infection could be one factor related to the speed of gastric cancer growth, as
H. pylori itself causes chronic inflammation and acts to promote stomach carcinogenesis [19],
while eradication of H. pylori infection reduces the incidence of gastric cancer [20]. However,
this infection was not associated with the speed of gastric cancer growth in the present
study. Therefore, speed of gastric cancer growth may be unrelated to active H. pylori
infection. Recent studies have shown that map-like redness represents a risk factor for the
development of gastric cancer after successful eradication of H. pylori [21,22]. However,
besides xanthoma, these endoscopic characteristics were not associated with the speed of
gastric cancer growth in the present study.

4.2. Gastric Xanthoma

Gastric xanthoma, also known as xanthelasma or lipid island, is a small, yellowish-
white plaque or nodule characterized by accumulation of lipid, including oxidized low-
density lipoprotein, in histiocytic foam cells [23,24]. The incidence of gastric xanthomas
varies from 0.23% to 7% [25,26]. Previous reports have indicated that the presence of
gastric xanthoma and the incidence of gastric cancer are significantly associated [27,28],
and gastric xanthoma offers a predictive marker for metachronous and synchronous gastric
cancer [29]. However, no reports have clarified the relationship to the speed of gastric cancer
progression. Kaiserling et al. reported that increased release of oxygen free radicals may be
involved in the formation of gastric xanthoma [24]. Oxygen free radicals are well known to
cause DNA damage and to play roles in the pathogenesis of various malignancies [30]. Such
mechanisms of xanthoma might also be related to the speed of gastric cancer progression.
The present data showed that xanthoma was independently related to the speed of gastric
cancer growth after adjustment by sex. Although some reports have described a male
predominance in gastric xanthoma [31,32], the data remain conflicting [25–27]. Further
studies are warranted to clarify the relationship between xanthoma and the speed of gastric
cancer progression.

4.3. Histological Type

Interestingly, histological types were not associated with speed of lesion growth in the
present study, although diffuse-type gastric cancer was speculated to be more common in
the rapid-growth group. Multivariate analysis indicated that among pathological variables
of the tumor, a histological type of poorly differentiated gastric cancer was one independent
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prognostic factor [33]. As all new lesions that were not apparent in the index examination
were defined as rapidly growing lesions in the present study, newly identified slow-
progressing cancers might have also been included in the rapid-growth group. Furthermore,
signet-ring cells confer favorable prognosis in the early stage [34,35]. These factors might
have contributed to the lack of significant differences in histological types between the two
groups.

4.4. Screening Examination

Recently, although screening examinations have been performed to identify various
cancers in the early stages, reports have indicated that small cancers found by screening
examinations do not affect the overall survival of patients [36–38]. Therefore, to prevent
overdiagnosis and overtreatment, there is a movement to avoid categorizing lesions that
do not affect survival as cancers [37]. Conversely, gastric cancers that progress rapidly
exist, and a background mucosa with xanthoma is one factor related to rapid growth. As
surgical resection can negatively affect the quality of life of patients, early detection of
lesions that have potential to grow rapidly is of great significance. Strict follow-up and
detailed observation are needed to detect lesions in the early stage among such high-risk
patients.

4.5. Limitations

Several limitations to the present study must be considered. First, the study was
retrospective, although a prospective study to follow cancer progression would be ethically
unworkable. Second, data were extracted from one tertiary care center, so various selection
biases would be present, and some patients have a history of endoscopic treatment or other
concomitant diseases. The initial EGD may have been for reasons other than screening for
cancers in some cases. These factors were therefore also assessed in this analysis, revealing
no correlations. Third, the rapid-growth group might have also included some newly
identified slow-growing lesions, because the rapid growth in the present study only meant
no lesion for at least 1 year before detection. Some factors not identified as significant in
the multivariate analysis of the present study might still be candidates for affecting the
speed of gastric cancer growth. Fourth, xanthoma would not be the only factor affecting
the speed of gastric cancer growth. Examination of genetic, genomic alteration, or DNA
methylation in the background gastric mucosa might reveal biomarkers related to rapid
cancer growth.

5. Conclusions

Xanthoma was identified as a factor related to the rapid growth of gastric cancer. As
prospective studies evaluating the natural history of gastric cancer cannot be performed
due to ethical problems, the present study revealed a potentially important clinical factor
that affects the speed of gastric cancer growth. Further studies are warranted to reveal the
pathophysiological mechanisms involved in the speed of gastric cancer growth.

Author Contributions: K.M. performed experiments, analyzed data, prepared figures, and drafted
the manuscript. T.O. (Tadayuki Oshima) designed the research, interpreted results, and edited the
manuscript. A.T., K.H., T.O. (Takuya Okugawa), M.F., T.T. and H.F. interpreted the data and revised
the manuscript; H.M. designed the research and edited the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee/Institutional Review Board of Hyogo
College of Medicine, Japan (No. 201909-047) on 24 June 2019.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

113



J. Clin. Med. 2021, 10, 5704

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]
2. Liu, Y.; Ponsioen, C.I.J.; Xiao, S.-D.; Tytgat, G.N.; Ten Kate, F.J. Geographic Pathology of Helicobacter pylori Gastritis. Helicobacter

2005, 10, 107–113. [CrossRef]
3. Suzuki, H.; Mori, H. Different Pathophysiology of Gastritis between East and West? An Asian Perspective. Inflamm. Intest. Dis.

2016, 1, 123–128. [CrossRef]
4. Jun, J.K.; Choi, K.S.; Lee, H.-Y.; Suh, M.; Park, B.; Song, S.H.; Jung, K.W.; Lee, C.W.; Choi, I.J.; Park, E.-C.; et al. Effectiveness of

the Korean National Cancer Screening Program in Reducing Gastric Cancer Mortality. Gastroenterology 2017, 152, 1319–1328.e7.
[CrossRef]

5. Hamashima, C.; Shabana, M.; Okada, K.; Okamoto, M.; Osaki, Y. Mortality reduction from gastric cancer by endoscopic and
radiographic screening. Cancer Sci. 2015, 106, 1744–1749. [CrossRef] [PubMed]

6. Park, C.H.; Kim, E.H.; Chung, H.; Lee, H.; Park, J.C.; Shin, S.K.; Lee, Y.C.; An, J.Y.; Kim, H.-I.; Cheong, J.-H.; et al. The optimal
endoscopic screening interval for detecting early gastric neoplasms. Gastrointest. Endosc. 2014, 80, 253–259. [CrossRef]

7. Tae, C.H.; Shim, K.-N.; Kim, B.-W.; Kim, J.-H.; Hong, S.J.; Baik, G.H.; Song, H.J.; Kim, Y.S.; Jang, S.-H.; Jung, H.-K. Comparison
of subjective quality of life after endoscopic submucosal resection or surgery for early gastric cancer. Sci. Rep. 2020, 10, 6680.
[CrossRef] [PubMed]

8. Iida, T.; Yamashita, K.; Ohwada, S.; Ohkubo, Y.; Hirano, T.; Miyake, T.; Onodera, K.; Kubo, T.; Yamano, H.; Nakase, H. Natural
history of gastric cancer from a retrospective review of endoscopic images of older patients with interval gastric cancer. Geriatr.
Gerontol. Int. 2018, 18, 997–1002. [CrossRef]

9. Tsukuma, H.; Oshima, A.; Narahara, H.; Morii, T. Natural history of early gastric cancer: A non-concurrent, long term, follow up
study. Gut 2000, 47, 618–621. [CrossRef]

10. Oh, S.-Y.; Lee, J.-H.; Lee, H.-J.; Kim, T.H.; Huh, Y.-J.; Ahn, H.-S.; Suh, Y.-S.; Kong, S.-H.; Kim, G.H.; Ahn, S.J.; et al. Natural History
of Gastric Cancer: Observational Study of Gastric Cancer Patients Not Treated During Follow-Up. Ann. Surg. Oncol. 2019, 26,
2905–2911. [CrossRef] [PubMed]

11. Fujisaki, J.; Nakajima, T.; Hirasawa, T.; Yamamoto, Y.; Ishiyama, A.; Tsuchida, T.; Hoshino, E.; Igarashi, M.; Yamaguchi, T. Natural
history of gastric cancer—a case followed up for eight years: Early to advanced gastric cancer. Clin. J. Gastroenterol. 2012, 5,
351–354. [CrossRef] [PubMed]

12. Iwagami, H.; Ishihara, R.; Nakagawa, K.; Ohmori, M.; Matsuno, K.; Inoue, S.; Arao, M.; Iwatsubo, T.; Nakahira, H.; Matsuura, N.;
et al. Natural history of early gastric cancer: Series of 21 cases. Endosc. Int. Open 2019, 7, E43–E48. [CrossRef] [PubMed]

13. Hamashima, C.; Narisawa, R.; Ogoshi, K.; Kato, T.; Fujita, K. Optimal interval of endoscopic screening based on stage distributions
of detected gastric cancers. BMC Cancer 2017, 17, 740. [CrossRef]

14. Kim, J.; Kim, S.M.; Ha, M.H.; Seo, J.E.; Choi, M.-G.; Lee, J.H.; Sohn, T.S.; Kim, S.; Jung, S.-H.; Bae, J.M. Does the interval of
screening endoscopy affect survival in gastric cancer patients?: A cross-sectional study. Medicine 2016, 95, e5490. [CrossRef]
[PubMed]

15. Watari, J.; Kobayashi, M.; Nakai, K.; Ito, C.; Tamura, A.; Ogawa, T.; Yamasaki, T.; Okugawa, T.; Kondo, T.; Kono, T.; et al. Objective
image analysis of non-magnifying image-enhanced endoscopy for diagnosis of small depressed early gastric cancers. Endosc. Int.
Open 2018, 06, E1445–E1453. [CrossRef] [PubMed]

16. Japanese Gastric Cancer Association Japanese classification of gastric carcinoma: 3rd English edition. Gastric Cancer 2011, 14,
101–112. [CrossRef] [PubMed]

17. Haruma, K.; Kato, M.; Inoue, K.; Murakami, K.; Shibata, T. Kyoto Classification of Gastritis, 2nd ed.; Nihon Medical Center: Tokyo,
Japan, 2018.

18. Meiselas, L.E. Observations on the natural history of gastric cancer. Am. J. Med. Sci. 1953, 226, 383–386. [CrossRef]
19. Tsukamoto, T.; Mizoshita, T.; Tatematsu, M. Animal Models of Stomach Carcinogenesis. Toxicol. Pathol. 2007, 35, 636–648.

[CrossRef] [PubMed]
20. Lee, Y.-C.; Chiang, T.-H.; Chou, C.-K.; Tu, Y.-K.; Liao, W.-C.; Wu, M.-S.; Graham, D.Y. Association Between Helicobacter pylori

Eradication and Gastric Cancer Incidence: A Systematic Review and Meta-analysis. Gastroenterology 2016, 150, 1113–1124.e5.
[CrossRef]

21. Yan, X.; Hu, X.; Duan, B.; Zhang, X.; Pan, J.; Fu, J.; Xu, M.; Xu, Q. Exploration of endoscopic findings and risk factors of early
gastric cancer after eradication of Helicobacter pylori. Scand. J. Gastroenterol. 2021, 56, 356–362. [CrossRef]

22. Majima, A.; Dohi, O.; Takayama, S.; Hirose, R.; Inoue, K.; Yoshida, N.; Kamada, K.; Uchiyama, K.; Ishikawa, T.; Takagi, T.; et al.
Linked color imaging identifies important risk factors associated with gastric cancer after successful eradication of Helicobacter
pylori. Gastrointest. Endosc. 2019, 90, 763–769. [CrossRef] [PubMed]

114



J. Clin. Med. 2021, 10, 5704

23. Yamashita, K.; Suzuki, R.; Kubo, T.; Onodera, K.; Iida, T.; Saito, M.; Arimura, Y.; Endo, T.; Nojima, M.; Nakase, H. Gastric
Xanthomas and Fundic Gland Polyps as Endoscopic Risk Indicators of Gastric Cancer. Gut Liver 2019, 13, 409–414. [CrossRef]
[PubMed]

24. Kaiserling, E.; Heinle, H.; Itabe, H.; Takano, T.; Remmele, W. Lipid islands in human gastric mucosa: Morphological and
immunohistochemical findings. Gastroenterology 1996, 110, 369–374. [CrossRef]

25. Gencosmanoglu, R.; Sen-Oran, E.; Kurtkaya-Yapicier, O.; Tözün, N. Xanthelasmas of the upper gastrointestinal tract. J. Gastroen-
terol. 2004, 39, 215–219. [CrossRef]

26. Yi, S.Y. Dyslipidemia andH pyloriin gastric xanthomatosis. World J. Gastroenterol. 2007, 13, 4598–4601. [CrossRef]
27. Sekikawa, A.; Fukui, H.; Maruo, T.; Tsumura, T.; Kanesaka, T.; Okabe, Y.; Osaki, Y. Gastric xanthelasma may be a warning sign for

the presence of early gastric cancer. J. Gastroenterol. Hepatol. 2014, 29, 951–956. [CrossRef] [PubMed]
28. Sekikawa, A.; Fukui, H.; Sada, R.; Fukuhara, M.; Marui, S.; Tanke, G.; Endo, M.; Ohara, Y.; Matsuda, F.; Nakajima, J.; et al. Gastric

atrophy and xanthelasma are markers for predicting the development of early gastric cancer. J. Gastroenterol. 2015, 51, 35–42.
[CrossRef] [PubMed]

29. Shibukawa, N.; Ouchi, S.; Wakamatsu, S.; Wakahara, Y.; Kaneko, A. Gastric xanthoma is a predictive marker for metachronous
and synchronous gastric cancer. World J. Gastrointest. Oncol. 2017, 9, 327–332. [CrossRef]

30. Farinati, F.; Cardin, R.; Degan, P.; Rugge, M.; Di Mario, F.; Bonvicini, P.; Naccarato, R. Oxidative DNA damage accumulation in
gastric carcinogenesis. Gut 1998, 42, 351–356. [CrossRef]

31. Oviedo, J.; Swan, N.; Farraye, F.A. Gastric xanthomas. Am. J. Gastroenterol. 2001, 96, 3216–3218. [CrossRef]
32. Chen, Y.S.; Lin, J.B.; Dai, K.S.; Deng, B.X.; Xu, L.Z.; Lin, C.D.; Jiang, Z.G. Gastric xanthelasma. Chin. Med. J. 1989, 102, 639–643.
33. Adachi, Y.; Yasuda, K.; Inomata, M.; Sato, K.; Shiraishi, N.; Kitano, S. Pathology and prognosis of gastric carcinoma: Well versus

poorly differentiated type. Cancer 2000, 89, 1418–1424. [CrossRef]
34. Chon, H.J.; Hyung, W.J.; Kim, C.; Park, S.; Kim, J.-H.; Park, C.H.; Ahn, J.B.; Kim, H.; Chung, H.; Rha, S.Y.; et al. Differential

Prognostic Implications of Gastric Signet Ring Cell Carcinoma: Stage adjusted analysis from a single high-volume center in Asia.
Ann. Surg. 2017, 265, 946–953. [CrossRef]

35. Kunisaki, C.; Shimada, H.; Nomura, M.; Matsuda, G.; Otsuka, Y.; Akiyama, H. Therapeutic strategy for signet ring cell carcinoma
of the stomach. BJS 2004, 91, 1319–1324. [CrossRef] [PubMed]

36. Srivastava, S.; Reid, B.J.; Ghosh, S.; Kramer, B.S. Research Needs for Understanding the Biology of Overdiagnosis in Cancer
Screening. J. Cell. Physiol. 2015, 231, 1870–1875. [CrossRef] [PubMed]

37. Esserman, L.J.; Thompson, I.M.; Reid, B.; Nelson, P.; Ransohoff, D.F.; Welch, H.G.; Hwang, S.; A Berry, D.; Kinzler, K.W.; Black,
W.C.; et al. Addressing overdiagnosis and overtreatment in cancer: A prescription for change. Lancet Oncol. 2014, 15, e234–e242.
[CrossRef]

38. Welch, H.G.; Black, W.C. Overdiagnosis in Cancer. J. Natl. Cancer Inst. 2010, 102, 605–613. [CrossRef] [PubMed]

115



Citation: Kohno, S.; Ikegami, M.;

Ikegami, T.; Aoki, H.; Ogawa, M.;

Yano, F.; Eto, K. Risk Factors

Associated with the Development of

Metastases in Patients with

Gastroenteropancreatic

Neuroendocrine Tumors: A

Retrospective Analysis. J. Clin. Med.

2022, 11, 60. https://doi.org/

10.3390/jcm11010060

Academic Editors: Davide

Giuseppe Ribaldone and Gian

Paolo Caviglia

Received: 29 November 2021

Accepted: 21 December 2021

Published: 23 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Risk Factors Associated with the Development of Metastases in
Patients with Gastroenteropancreatic Neuroendocrine Tumors:
A Retrospective Analysis
Shuzo Kohno 1,*, Masahiro Ikegami 2, Toru Ikegami 3, Hiroaki Aoki 1, Masaichi Ogawa 1, Fumiaki Yano 3

and Ken Eto 3

1 Department of Surgery, The Jikei University Katsushika Medical Center, Tokyo 125-8061, Japan;
halm@jikei.ac.jp (H.A.); 0gamasa@jikei.ac.jp (M.O.)

2 Department of Pathology, The Jikei University Katsushika Medical Center, Tokyo 125-8061, Japan;
ikegami@jikei.ac.jp

3 Department of Surgery, The Jikei University School of Medicine, Tokyo 105-8461, Japan;
tikesurg@icloud.com (T.I.); f-yano@live.jp (F.Y.); etoken@jikei.ac.jp (K.E.)

* Correspondence: s-kohno@jikei.ac.jp; Tel.: +81-3-3603-2111; Fax: +81-03-3838-9945

Abstract: Neuroendocrine tumors develop from systemic endocrine and nerve cells, and their oc-
currence has increased recently. Since these tumors are heterogeneous, pathological classification
has been based on the affected organ. In 2019, the World Health Organization introduced a change
expected to influence neuroendocrine tumor research, as gastroenteropancreatic neuroendocrine
tumors are now included within a unified classification. This retrospective study aimed to investigate
the characteristics (e.g., lymph node metastases and all other metastases) of gastroenteropancreatic
neuroendocrine tumors using this new classification in 50 cases. Tumor size, depth, MIB-1 index,
lymphatic invasion, venous invasion, and neuroendocrine tumor grade were significantly correlated
with lymph node metastasis and other metastases. The venous invasion was more strongly corre-
lated with lymph node metastasis and all other types of metastases than with lymphatic invasion.
Identification rates for lymphatic invasion were considered lower because of structural problems
such as lymphatic vessels being much thinner than veins. However, venous invasion was considered
effective in compensating for the low identification rate in cases of lymphatic invasion. In future
research, a unified classification and standardized framework for assessment will be important when
analyzing the characteristics of neuroendocrine tumors, and large-scale studies are required.

Keywords: neuroendocrine tumor; metastasis; lymphatic invasion; venous invasion

1. Introduction

Neuroendocrine tumors (NETs) are heterogeneous malignancies with various patho-
logical and clinical features [1–3] that arise from systemic endocrine and nerve cells, and
their prevalence has been increasing of late [4]. Previously, NET classification was based on
the organ in which the tumor developed. However, according to the 2019 World Health
Organization (WHO) classification, NETs occurring in all gastroenteropancreatic (GEP)
organs have been grouped and reclassified [5]. Basic and clinical studies have promoted
advancements in the diagnosis and treatment of NETs [6,7], and the reclassification of NETs
is expected to further advance this research [6].

Treatment guidelines have been created for NETs in each organ, mainly in Europe and
the United States [8–11]. Tumor resection is an effective and important treatment option,
with radical treatment involving complete removal of the tumor [8]. Localized NETs are
an indication for endoscopic and surgical resection. Indications for endoscopic treatment
are determined by the grade, depth, and size of the tumor. For localized tumors that are
not indicated for endoscopic resection, the indication for surgical resection is determined
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based on whether the metastatic lesion can be completely resected [8,12,13]. Thus, the
diagnosis and prediction of metastasis, especially lymph node metastasis, is important
when selecting the treatment option for a particular NET. Lymph node metastases may
be surgically removed, which can improve prognosis; however, it is difficult to surgically
remove other metastases, often not indicated for surgery, thus highlighting the need for
preoperative evaluation.

Therefore, in the present study, we aimed to examine the factors related to lymph
node metastases and all other types of metastases in the new GEP-NET classification and
determine problems that can arise when identifying these factors.

2. Materials and Methods
2.1. Patients

The medical histories of 48 patients with 50 consecutive cases of GEP-NET treated via
endoscopic or surgical resection at our institution between January 2010 and March 2021
were retrospectively collected and compared. Patients who refused treatment and cases in
which the tumor size was unknown were excluded. Data related to age, sex, body mass
index, and pathological tumor findings (site, size, depth of invasion, lymphatic invasion,
venous invasion, and MIB-1 index) were obtained from electronic medical records for all
patients.

2.2. Pathological Classification and Staging

The diagnosis and treatment of patients were evaluated based on contemporary
standards. The NET classification was based on the 2019 World Health Organization
classification [14]. All GEP-NETs were classified into well-differentiated NETs, poorly dif-
ferentiated neuroendocrine carcinomas, and mixed endocrine/non-endocrine neoplasms.
Well-differentiated NETs were classified into grades 1, 2, and 3 (G1, G2, and G3) based on
the mitotic rate and Ki-67 index (G1, mitotic rate of <2 per 10 high-power fields and/or
Ki67 index of <3%; G2, mitotic rate of 2 to 20 per 10 high-power fields and/or Ki67
index of 3 to 20%; and G3, mitotic rate of >20 per 10 high-power fields and/or Ki67 in-
dex of >20%). Neuroendocrine carcinomas were classified as small- or large-cell types.
Mixed endocrine/non-endocrine neoplasms consisted of either neuroendocrine or non-
neuroendocrine components, such as adenocarcinoma. For endoscopically resected speci-
mens, a cut surface was created at the center of the lesion. In addition to hematoxylin and
eosin staining, synaptophysin, chromogranin, CD56, and Ki67 staining were performed for
all resected lesions. The lymphatic invasion was diagnosed via D2-40 staining [15], and
venous invasion was diagnosed via Elastica van Gieson staining [16].

2.3. Statistical Analysis

Univariate and multivariate analyses for age, sex, body mass index, tumor size, site of
origin, depth, MIB-1 index, lymphatic invasion, venous invasion, and NET grade for lymph
node metastases and all metastases were performed using logistic regression analysis.
The effects of lymphatic invasion and venous invasion on lymph node metastases and
all metastases were analyzed using Fisher’s exact test. Statistical significance was set at
p < 0.05. Statistical analyses were performed using SPSS Statistics version 22.0 (IBM Japan,
Ltd., Tokyo, Japan).

3. Results
3.1. Background Data

The background data of all patients with GEP-NET who underwent endoscopic
or surgical resection at our institution during the study period are shown in Table 1.
Fifty resections were performed in 48 patients with NETs. One case had multiple NET
occurrences in the duodenum, ileum and rectum, and the other 49 cases had a NET from a
single site.
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Table 1. Background characteristics of neuroendocrine tumors (n = 50).

Characteristic Value

Age (years) Mean ± SD 60.3 ± 14.1

Sex, n (%) Male (%) 35 (70)
Female (%) 15 (30)

Body mass index Mean ± SD 23.67 ± 4.11
Size (mm) Mean ± SD 9.06 ± 9.22

Excision method Endoscopic resection 36 (72%)
Surgical resection 14 (28%)

Location Esophagus 2 (3.8%)
Stomach 6 (11.5%)

Duodenum 7 (13.5%)
Small intestine 2 (3.8%)

Pancreas 3 (5.8%)
Colon 1 (1.9%)

Rectum 31 (59.6%)

Depth T1a 7 (14%)
T1b(+c) 34 (68%)

T2 6 (12%)
T3 2 (4%)
T4 1 (2%)

MIB-1 index <3% 36 (72%)
>3% 14 (28%)

Grade Grade 1 39 (78%)
Grade 2 7 (14%)
Grade 3 0

NEC 4 (8%)

Characteristic Yes No

Lymphatic invasion (n) 10 (20%) 40 (80%)
Venous invasion (n) 13 (26%) 37 (74%)

SD, standard deviation; NEC, neuroendocrine carcinoma. T1a, intramucosal; T1b, submucosal; T2, muscularis
propria; T3, subserosal; T4, extraserosal infiltration. In the pancreas, T1: localized to the pancreas (maximum
diameter ≤2 cm), T2 (localized to the pancreas, 2 cm < maximum diameter ≤ 4 cm), T3: (localized to the pancreas,
4 cm < maximum diameter/duodenum/bile duct infiltration).

Three deaths were noted in our study. The first patient died due to brain metastasis
of esophageal neuroendocrine carcinoma three years and ten months after a subtotal
esophagectomy; the second patient died of sepsis due to a perianal abscess with rectal,
duodenal, and intraperitoneal recurrence seven years and five months after endoscopic
resection for rectal NET G2; and the third patient died two months after sigmoid resection
for a perforated intraperitoneal abscess of a sigmoid colon NET with liver and multiple
lymph node metastases.

The average observation period was 925.3 (36~3000) days. There were 35 (70%) men
and 15 (30%) women, and the patient age ranged from 33–88 years (average, 60.4 years).
The mean body mass index was 23.67 ± 4.11. The resection method was endoscopic
resection in 36 cases and surgical resection in 14 cases. Surgical resection was considered in
cases performed after endoscopic resection and those performed after examination without
endoscopic resection. The esophagus was resected in two cases, the stomach in six, the
duodenum in seven, the small intestine in two, the pancreas in three, the colon in two,
and rectum in 31. The invasion depth was intramucosal in seven cases, submucosal (in
the pancreas, the tumor remained in the organ and did not infiltrate adjacent organs) in
34 cases, up to the muscularis propria in six cases, up to the serosa in two cases, and
extraserosal in one case. Metastasis was observed in eight cases (16.7%). The metastatic
sites were observed in the lymph nodes, liver, lung, and brain in six, three, one, and one
case, respectively, and there was one case of dissemination.
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3.2. Venous and Lymphatic Invasion

Lymphatic invasion of resected specimens was reported in eight cases before this study,
but two small metastatic lesions (Figure 1) were diagnosed again by a different pathologist,
indicating a total of 10 cases (20%). The lesions identified via repeat microscopy with
D2-40 staining exhibited very small amounts of NET cells in vertically or diagonally cut
lymphatic vessels. Intravenous invasion was observed in 13 cases (26%). Venous invasion
was identified in all six cases of lymph node metastasis, while lymphatic invasion was
identified in four cases.
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Figure 1. Rectal G1 NET 6 mm. D2-40 immunohistochemical stain showing lymphatic invasion
(arrow) in the lymphatic vessels that had been cut diagonally. (×100).

The univariate analysis revealed significant differences in tumor size (Odds ratio [OR]
= 1.033, 95% confidence interval [CI]: 1.001–1.066, p = 0.044), depth (OR = 3.957, 95% CI:
1.306–11.992, p = 0.015), MIB-1 index (OR =6.800, 95% CI: 1.082–42.731, p = 0.041), lymphatic
invasion (OR = 12.677, 95% CI: 1.888–84.965, p = 0.009), and NET grade (OR = 1.724, 95%
CI: 1.874–24.131, p = 0.003) in cases of lymph node metastases, although statistical values
could not be obtained for venous invasion (Table 2). Similarly, for all other metastases,
the univariate analysis identified significant differences in tumor size (OR = 1.097, 95% CI:
1.020–1.180, p = 0.013), depth (OR = 9.253, 95% CI: 2.038–42.013, p = 0.004), MIB-1 index
(OR = 6.111, 95% CI: 1.222–30.572, p = 0.028), lymphatic invasion (OR = 6.000, 95% CI:
1.172–30.725, p = 0.032), venous invasion (OR = 35.000, 95% CI: 3.700–331.059, p = 0.002),
and NET grade (OD = 14.900, 95% CI: 2.979–74.529, p = 0.001) (Table 3). However, only NET
grade exhibited a significant difference in the multivariate analysis. In the multivariate
analysis, we used the variable increase method, and each variable was included in the
multivariate model based on the likelihood ratio. Therefore, the OR was only calculated for
the NET grade.
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Table 2. Logistic regression analysis for lymph node metastases.

Univariate Analysis Multivariate Analysis

OR 95% CI p-Value OR 95% CI p-Value

Age (per 1 year) 1.074 0.988 1.166 0.092 –
Sex, Male (vs. Female) 0.375 0.066 2.120 0.267 –

Body mass index (per 1 kg/m2) 0.866 0.682 1.100 0.239 –
Size (per 1 mm) 1.033 1.001 1.066 0.044 n.e.

Location –
Rectum 1.000 ref
Stomach n.c.

Duodenum 6.000 0.321 112.258 0.231
Esophagus n.c.

Intestine n.c.
Large intestine n.c.

Pancreas n.c.
Depth (per 1) 3.957 1.306 11.992 0.015 n.e.

MIB-1 index, >3% (vs. <3%) 6.800 1.082 42.731 0.041 n.e.
Lymphatic invasion, Yes (vs. No) 12.667 1.888 84.965 0.009 n.e.

Venous invasion, Yes (vs. No) n.c. –
Lymphatic invasion/Venous

invasion –

Neither 1.000 ref
Either one/Both n.c.

Grade (per 1) 6.724 1.874 24.131 0.003 6.724 1.874 24.131 0.003

OR, odds ratio; 95% CI, 95% confidence interval; ref, reference; n.c., not calculable; n.e., not entered. Variables
that were significant in the univariate analysis were used in the multivariate analysis (variable increase method:
likelihood ratio). Values in bold indicate significant factors.

Table 3. Logistic regression analysis for all metastases.

Univariate Analysis Multivariate Analysis

OR 95% CI p-Value OR 95% CI p-Value

Age (per 1 year) 1.066 0.993 1.145 0.077 –
Sex, Male (vs. Female) 0.355 0.076 1.667 0.189 –

Body mass index (per 1 kg/m2) 0.901 0.737 1.102 0.309 –
Size (per 1 mm) 1.097 1.020 1.180 0.013 n.e.
Tumor location –

Rectum 1.000 ref
Stomach n.c.

Duodenum 2.900 0.219 38.320 0.419
Esophagus n.c.

Intestine n.c.
Large intestine n.c.

Pancreas 7.250 0.443 118.700 0.165
Depth (per 1) 9.253 2.038 42.013 0.004 n.e.

MIB-1 index, >3% (vs. <3%) 6.111 1.222 30.572 0.028 n.e.
Lymphatic invasion, Yes (vs. No) 6.000 1.172 30.725 0.032 n.e.

Venous invasion, Yes (vs. No) 35.000 3.700 331.059 0.002 n.e.
Lymphatic invasion/Venous

invasion n.e.

Neither 1.000 ref
Either one/both 17.500 1.940 157.881 0.011

Grade (per 1) 14.900 2.979 74.529 0.001 14.900 2.979 74.529 0.001

OR, odds ratio; 95% CI, 95% confidence interval; ref, reference; n.c., not calculable; n.e., not entered. Variables
that were significant in the univariate analysis were used in the multivariate analysis (variable increase method:
likelihood ratio). Values in bold indicate significant factors.
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3.3. Correlations with Lymph Node Metastasis and All Other Types of Metastases

We investigated the relationship between lymph node invasion and venous invasion
in cases of lymph node metastasis (Table 4) and all other types of metastases (Table 5).
For lymph node metastases, the p-value for lymphatic invasion was 0.011, whereas that
for venous invasion was 0.000, indicating a stronger correlation with venous invasion.
Furthermore, for all metastases, the p-value for lymphatic invasion was 0.041, whereas that
for venous invasion was 0.000, indicating a stronger correlation with venous invasion.

Table 4. Comparison of cases with and without lymph node metastases.

Without Lymph Node
Metastases

With Lymph Node
Metastases p-Value

(n = 44) (n = 6)

Lymphatic invasion 0.011
No 38 86.4 2 33.3
Yes 6 13.6 4 66.7

Venous invasion 0.000
No 36 81.8 0 0.0
Yes 8 18.2 6 100.0

Lymphatic invasion/Venous
invasion 0.000

Neither 31 70.5 0 0.0
Either one 12 27.3 2 33.3

Both 1 2.3 4 66.7
Lymphatic invasion/Venous

invasion 0.002

Neither 31 70.5 0 0.0
Either one/both 13 29.5 6 100.0

Data are presented as n %; p-value: Fisher’s exact test. Values in bold are significant.

Table 5. Comparison of cases with and without all metastases.

Without All
Metastases

With All
Metastases p-Value

(n = 42) (n = 8)

Lymphatic invasion 0.041
No 36 85.7 4 50.0
Yes 6 14.3 4 50.0

Venous invasion 0.000
No 35 83.3 1 12.5
Yes 7 16.7 7 87.5

Lymphatic invasion
/Venous invasion 0.000

Neither 30 71.4 1 12.5
Either one 11 26.2 3 37.5

Both 1 2.4 4 50.0
Lymphatic invasion
/Venous invasion 0.003

Neither 30 71.4 1 12.5
Either one/both 12 28.6 7 87.5

Data are presented as n %; p-value: Fisher’s exact test. Values in bold are significant.

4. Discussion

The curative treatment for GEP-NET is complete resection. However, given the
heterogeneous nature of the lesions, indications for resection have been examined based
on the organ affected. We believe that it is necessary to examine the entire NET to define
its characteristics. In this study, we investigated the factors that influence lymph node
metastasis and other types of metastases in patients with GEP-NET. Our analysis revealed
that both categories of metastasis were significantly associated with tumor size, depth,

121



J. Clin. Med. 2022, 11, 60

MIB-1 index, lymphatic invasion, venous invasion, and NET grade. This result is consistent
with currently reported organ-specific results [10].

The prognosis of lymph node metastasis is important for treating NETs [13,17]. A
localized NET indicates endoscopic or surgical resection; however, surgical resection
requires complete resection of lymph node metastases; therefore, optimal methods for
lymph node dissection are being investigated [9,11,18]. NETs in the stomach, duodenum,
pancreas, colon, and rectum that are <1 cm in size and intramucosal ly0 and v0 tumors are
indicated for endoscopic treatment [19–24]. There is no treatment algorithm for esophageal
NETs due to the scarcity of cases [25]. Endoscopic resection is not indicated for NETs in
the small intestine—even if the tumor’s major axis is 1 cm or less—due to the high rate of
lymph node metastasis [26], a large number of multiple lesions [27], and technical difficulty.
The amount of tumor remaining in the small intestine after resection may be larger than the
piece resected; therefore, it may be necessary to consider the depth and size of the whole
tumor when analyzing the data. In pancreatic NET staging, the criteria for invasion depth
differ from the diagnostic criteria in other areas of the gastrointestinal tract, making them
difficult to evaluate using the same criteria. For these reasons, when considering treatment
options for a GEP-NET as a whole, it is necessary to consider the organ in which the tumor
is situated.

Our findings indicated that venous invasion was more strongly correlated with lymph
node metastases and all other metastases than lymphatic invasion. Previous studies have
demonstrated that immunostaining increases the detection rate of vascular invasion [16,28].
However, other studies have reported contradictory data regarding the pathological identi-
fication of vascular invasion with and without immunostaining, and this discrepancy must
be fully considered when comparing the data reported. Overexpression of a large number
of angiogenesis-promoting molecules has been reported in NET cells, suggesting a link to
metastasis [29]. A study on early-stage colorectal cancer noted that venous invasion was
more useful than lymphatic invasion as a predictor of lymph node metastasis [30]. For
small rectal NETs of 1.5 cm or less, those with vascular infiltration have been reported to
have a high potential for lymph node metastasis, as high as 48.8% [31], but the authors did
not compare lymphatic infiltration and venous invasion. Most studies have examined the
possibility of metastasis in cases of vascular invasion, which is a combination of lymphatic
invasion and venous invasion, and few have compared lymphatic invasion with venous
invasion. In venous invasion, a large number of tumor cells are identified in the lumen, and
the number is greater than that observed in lymphatic vessels. In lymphatic invasion, a few
tumor cells are often found in the smaller lymphatic lumen. The difficulty in identifying
lymphatic invasion, especially when the lymphatic vessels are cut vertically, may be related
to the low rate at which lymphatic invasion is identified. These factors may explain the
higher identification rate for venous invasion than for lymphatic invasion. Improving the
rate at which lymphatic invasion is identified requires careful tumor identification using
D2-40 immunostaining for all diagnoses. Combined evaluation with synaptophysin and
other immunostaining methods can also be effective. In this study, venous invasion was
observed in all cases of lymph node metastasis, and venous invasion correlates well with
lymph node metastasis at present; therefore, simultaneous evaluation of vascular invasion
is considered a sufficient index.

A previous study reported that lymphatic invasion and lymph node metastasis rates
increase significantly in cases of multiple lesions in patients with rectal NETs [32]. Further-
more, lymph node metastasis of rectal NETs has been associated with tumor size, depth
of invasion, vascular invasion, and WHO grade, which is consistent with our findings for
GEP-NET [33]. In addition, lymph node metastasis has been reported to affect progno-
sis. In patients with gastric NETs undergoing gastrectomy and lymph node dissection,
the prognosis is related to type I and type III of the Rindi classification, tumor size, and
grade [34]. For gastric NETs, the Rindi classification is based on the presence or absence
of atrophic gastritis and gastrin secretion. A treatment algorithm has been created based
on this classification [23]. Comparing findings for tumors based on this classification and
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those based on the entire NET may provide insight into methods for improving NET
classification. Previous research has indicated that venous invasion is a poor prognostic
indicator in patients with pancreatic NETs [35]. In the current study, results for GEP-NET
metastasis were similar to those for individual organs. In particular, the results were quite
similar to those for the rectum, although most of our data were from rectal cases. Although
differences in organ specificity may influence GEP-NET research, we believe that these
findings are important for the study of tumor specificity and reflect the GEP-NET group.

The present study had some limitations, including its retrospective design and the
low number of cases for certain organs. Further, lymph node dissection was not performed
in all cases, suggesting that the rate of metastasis was not accurate in the lymph node
metastasis group and that standardized and appropriate diagnostic imaging methods
for lymph node metastasis remain unclear. Additionally, follow-up for recurrence may
have been insufficient, and the overall assessment may have included unsuitable organs.
Randomized controlled studies are difficult, given that the guidelines indicate appropriate
treatments. Further studies are warranted to obtain necessary and sufficient data based
on very accurate common diagnostic criteria. These studies should employ appropriate
follow-up periods and a thorough, unified method for investigating recurrence.

5. Conclusions

This study investigated factors related to the metastasis of GEP-NETs based on 2019
WHO classification. The most important factors were found to be tumor grade and vascular
invasion. Of the types of vascular invasion, venous invasion was more highly correlated
with metastasis than lymphatic invasion, and the analysis indicated that pathological
examination of lymphatic invasion might be problematic. At present, it may be better to
evaluate vascular invasion to assess NET metastasis, as it combines lymphatic and venous
invasion. The development of a unified classification system for NETs and a standardized
method for evaluating them is important for the future of NET research.
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Abstract: Background: Insulin resistance plays a relevant role in the onset of non-alcoholic fatty
liver disease (NAFLD) and its progression to non-alcoholic steatohepatitis (NASH) and fibrosis.
Irisin is an exercise-induced myokine involved in the regulation of energy homeostasis and glucose
metabolism. Additionally, pre-clinical models have shown a potential role of irisin in the pathogenesis
of NAFLD. The aim of this study is to explore the association between irisin, histological features
and biomarkers of liver fibrogenesis in non-diabetic, non-obese, biopsy-proven NAFLD individuals.
Methods: Forty-one patients with histological evidence of NAFLD were included. Circulating irisin
and direct markers of fibrogenesis N-terminal type III collagen propeptide (PRO-C3) and type VI
collagen cleavage product (PRO-C6) were measured by ELISA. Results: Median age of the cohort
was 45 years (41–51) and 80.4% were male. Significant fibrosis (stage ≥ 2) was present in 36.6%
of cases. Circulating irisin, PRO-C3 and PRO-C6 levels were significantly higher in subjects with
fibrosis stage ≥ 2 when compared to those with fibrosis stage < 2 (5.96 ng/mL (95% CI = 4.42–9.19)
vs. 2.42 ng/mL (95% CI = 1.73–5.95), p = 0.033; 9.5 ng/mL (95% CI = 7.7–13.6) vs. 6.2 ng/mL (95%
CI = 4.9–8.9), p = 0.016; 6.6 ng/mL (95% CI = 5.6–7.9) vs. 5.1 ng/mL (95% CI = 4.2–5.4), p = 0.013,
respectively). Irisin levels were similarly distributed between the features of NASH. Circulating irisin
positively correlated with both PRO-C3 and PRO-C6 levels (r = 0.47, p = 0.008 and r = 0.46, p = 0.002).
Conclusions: Increased circulating irisin levels may identify a more aggressive phenotype of liver
disease with increased fibrogenesis and more severe liver damage.

Keywords: irisin; insulin resistance; non-invasive biomarkers; liver fibrosis; liver fibrogenesis; PRO-
C3; PRO-C6; NAFLD

1. Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD) is currently the most common chronic
liver disease, tightly associated with type 2 diabetes mellitus (T2DM) and the metabolic
syndrome (MetS). Liver necro-inflammatory changes superimposed to fat accumulation
(Non-Alcoholic Steatohepatitis, NASH) leads to scar tissue deposition in the parenchyma
(fibrosis) and to the progression towards end-stage liver disease and its complications.
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Liver fibrosis is the most relevant prognostic factor and its early recognition is a mainstay
of management in NAFLD patients [1].

Insulin resistance (IR) in the adipose tissue, liver and skeletal muscle (SM) is a well-
recognized pathophysiological mechanism underlying both the onset and progression of
NAFLD [2]. The study of the metabolic cross-talks between insulin-sensitive tissues can
unveil potential targets for biomarkers or therapy. Irisin is a recently discovered cytokine
mainly synthesized in the SM in response to physical exercise and it is involved in energy
metabolism, favoring thermogenesis and browning of adipose tissue [3]. Irisin is also
produced in the adipose tissue, where it regulates lipid metabolism and glucose uptake [4]
and may be involved in the regulation of pancreatic beta-cell activity [5].

In animal studies, irisin reduced gluconeogenesis and stimulated glycogen synthe-
sis [6], reduced cholesterol content from hepatocytes of both lean and obese mice [7] and
modulated oxidative stress [8]. These findings are remarkable, as oxidative stress is the
main source of lipid-driven hepatocyte damage, leading to chronic inflammation and ulti-
mately to fibrogenesis. However, studies conducted on NAFLD individuals have yielded
conflicting results. Zhang et al. found that serum irisin levels are inversely associated with
intrahepatic fat content detected by magnetic resonance spectroscopy (MRS) [9], also con-
firmed by Metwally et al., in patients with liver biopsy [10]. On the contrary, another study
found a positive association between irisin levels and steatosis, NASH and liver fibrosis [11].
Finally, a recent meta-analysis reported that irisin levels are increased in mild NAFLD with
respect to moderate–severe NAFLD, but specifically in the Asian population [12].

In this study, we assessed the association between circulating irisin levels and metabolic
parameters of IR, markers of fibrogenesis and histological fibrosis in a well-characterized
cohort of biopsy-proven NAFLD individuals in the absence of major metabolic confounders
(obesity and T2DM).

2. Materials and Methods
2.1. Study Population

This is a retrospective, cross-sectional study of biopsy-proven NAFLD individuals.
These patients had been prospectively and consecutively enrolled from 2010 to 2015 at the
Division of Gastroenterology and Hepatology of the University of Turin as part of the EU-
funded FLIP/EPOS cohort. The present study includes 41 patients selected from the whole
cohort (n = 135) according to the absence of T2DM and obesity, and with metabolomic data
and fibrogenesis markers available for analysis. A flow chart of the study is provided in
Supplementary Figure S1.

Other causes of liver disease, including viral (hepatitis B and C virus infection), autoim-
mune, cholestatic, genetic and drug-induced diseases, were excluded, and only features
of NAFLD were detected at histology. Significant alcohol consumption was excluded
according to established thresholds (less than 210 g/week for males and 140 g/week for
females) through direct questioning of patients and close relatives. At the time of biopsy, no
clinical, biochemical or imaging-supported evidence of cirrhosis was present. A diagnosis
of cirrhosis was made solely based on the histology findings. Physical examination and
blood samples were collected at the time of biopsy. Obesity was defined by body mass
index (BMI) equal or above 30 kg/m2. IR was assessed by homeostatic model assess-
ment (HOMA)-IR according to the following formula: ((fasting plasma insulin in mU/L)
× (fasting plasma glucose in mmol/L)/22.5) [13]; a HOMA-IR value higher or equal to
2.5 indicates IR.

The study was carried out according to the principles of the Declaration of Helsinki,
and it was approved by the ethics committee of the University Hospital “Città della Salute
e della Scienza” of Torino (CEI/522, 23 December 2009). All patients gave signed consent
for the collection of personal data in the database and for the use of blood samples for
research purposes and for participation in the tracer study.
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2.2. Analytical Determinations

Plasma samples for laboratory investigations were collected at the time of liver biopsy
and stored at −80 ◦C for the investigations. Irisin was measured by the commercially
available competitive human enzyme linked immunosorbent assay (ELISA) kit (Phoenix
Pharmaceuticals, Inc., Burlingame, CA, USA) according to manufacturer’s instructions.
Irisin concentration was determined with an ELISA reader at 450 nm and the final concen-
tration was derived by the 4 parameter logistics method analysis. The intra- and inter-assay
coefficients of variation were below 10% and 15%, respectively.

The concentration of free fatty acids (FFAs), was determined by enzymatic colorimetric
assays (WAKO diagnostic, Richmond, VA, USA).

Liver fibrogenesis was evaluated by interstitial matrix turnover biomarkers: N-
terminal type III collagen propeptide (PRO-C3) and type VI collagen cleavage product
(PRO-C6) (Nordic Bioscience competitive ELISA assays, Nordic Bioscience Laboratory,
Herlev, Denmark) [14,15].

2.3. Histology

All liver biopsies were analyzed by a local pathologist with experience in liver disease
and blinded to patients’ clinical information. The average length of liver tissue was 25 mm
(range 14–45 mm) with at least 11 portal tracts. Histological features of NAFLD, including
steatosis, ballooning, lobular inflammation and fibrosis, were assessed and scored according
to the Clinical Research Network scoring system (NAFLD Activity Score (NAS)) [16]. The
diagnosis of NASH was made according to the joint presence of steatosis, hepatocyte
ballooning, and lobular inflammation. Significant fibrosis was defined as fibrosis stage
equal or above 2.

2.4. Statistical Analysis

Data are reported as mean ± standard deviation (SD) for continuous normally dis-
tributed variables, as median and 95% confidence interval (CI) for the median for continu-
ous not-normally distributed variables or as frequency and percentage (%) for categorical
variables. Comparisons between two groups were performed by Mann–Whitney test for
non-normally distributed variables and by t test for normally distributed variables. The
Fisher’s exact test or the Chi-square test were used for categorical data. Spearman or
Pearson correlations were performed as appropriate to evaluate the correlation between all
the metabolic parameters. A multivariate regression analysis, adjusted for age and gender,
was performed to assess the association between irisin levels and liver fibrogenesis.

Values of p < 0.05 were considered statistically significant. All the analyses were
performed with MedCalc Software bvba version 18.9.1 (Mariakerke, Belgium).

3. Results

A total of 41 non-diabetic, non-obese NAFLD patients were included in this study.
Significant fibrosis, defined as F ≥ 2, was present in 36.6% of subjects. The clinical and
biochemical characteristics of the cohort are reported in Table 1.

Table 1. Clinical, biochemical and histological characteristics of the study cohort according to degree
of liver fibrosis (n = 41).

Variables All
(n = 41)

F0/F1
(n = 26)

F ≥ 2
(n = 15) p Value

Age (years), median (95% CI) 45 (41–51) 44 (38–48) 51 (38–64) 0.068
BMI (kg/m2), median (95% CI) 25.7 (24.6–26.6) 25.6 (23.6–27.6) 25.7 (20.1–26.4) 0.705

Male/Female gender, n (%) 33/8 (80.4/19.6) 24/4 (85.7/14.3) 9/4 (69.2/30.8) 0.221
AST (IU/L), median (95% CI) 31 (28–36) 31 (26-35) 31 (25-58) 0.424
ALT (IU/L), median (95% CI) 48 (41–67) 47 (41–70) 53 (27–99) 0.801

Platelets (×109/L), median (95% CI) 230 (216–261) 230 (206–270) 218 (201–283) 0.889
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Table 1. Cont.

Variables All
(n = 41)

F0/F1
(n = 26)

F ≥ 2
(n = 15) p Value

Insulin (mU/L), median (95% CI) 10.2 (9–11.8) 9.7 (8.1–10.5) 12.2 (10.1–17) 0.004
Glucose (mg/dL), median (95% CI) 94 (90–98) 92 (90–97) 97 (89–121) 0.165

HOMA-IR 2.5 (2.08–2.73) 2.15 (1.71–2.4) 2.92 (2.26–3.6) 0.012
HOMA-IR ≥ 2.5, n (%) 16 (39) 7 (25) 9 (69) 0.008

Total-Chol (mg/dL), median (95% CI) 184 (177–200) 184 (175–201) 190 (178–213) 0.268
HDL-Chol (mg/dL), median (95% CI) 46 (42–49) 47 (41–50) 44 (39–51) 0.492

Triglycerides (mg/dL), median (95% CI) 100 (86–117) 93 (79–118) 116 (90–178) 0.179
FFAs (mmol/L), mean (sd) 0.627 ± 0.225 0.61 ± 0.24 0.66 ± 0.2 0.449

Irisin (ng/mL), median (95% CI) 5.8 (2.87–5.96) 2.42 (1.73–5.95) 5.96 (4.42–9.19) 0.033
PRO-C3 (ng/mL), median (95% CI) 8.65 (6.32–9.64) 6.2 (4.9–8.9) 9.5 (7.7–13.6) 0.016
PRO-C6 (ng/mL), median (95% CI) 5.6 (5.1–6.74) 5.1 (4.2–5.4) 6.6 (5.6–7.9) 0.013

Note. Data are reported as mean and standard deviation, as median and 95% confidence interval of the median
or as number and percentage. Abbreviations. ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; Chol, cholesterol; CI, confidence interval; FFAs, free fatty acids; HDL-Chol, high density
lipoprotein cholesterol; HOMA-IR, homeostasis model of assessment of insulin resistance; PRO-C3, N-terminal
type III collagen propeptide; PRO-C6, type VI collagen cleavage product.

The median age of the whole cohort was 45 years (95% CI of the median, 41–51), 80.4%
of cases male gender. Patients with F ≥ 2 had significantly higher levels of insulin and
HOMA-IR. The overall prevalence of IR (by HOMA-IR ≥2.5) was higher in patients with
significant fibrosis compared to those with F0/F1 fibrosis (p = 0.008).

3.1. Histological Features Versus Circulating Irisin and Biomarkers of Fibrogenesis

Irisin levels were higher in the population with F ≥ 2 (5.96 ng/mL (4.42–9.19) versus
2.42 ng/mL (1.73–5.95) in patients with F0/F1 fibrosis (p = 0.033)). Similarly, the levels of
the two biomarkers of fibrogenesis, PRO-C3 and PRO-C6, were increased in NAFLD with
significant fibrosis (Table 1).

Overall, NASH was found in 76% of cases, without differences between the two
groups. Hepatic steatosis and ballooning degeneration were similar in the individuals with
significant fibrosis vs F0/F1 fibrosis, while lobular inflammation was higher in patients
with F≥ 2 (Table 2). Circulating irisin as well as the biomarkers of fibrogenesis PRO-C3 and
PRO-C6 had no correlation with hepatic steatosis, ballooning and lobular inflammation,
Supplementary Table S1.

Table 2. Histological characteristics of NAFLD patients according to liver fibrosis (n = 41).

Histological Features All
(n = 41)

F0/F1
(n = 26)

F ≥ 2
(n = 15) p Value

Hepatic steatosis (%), median (95% CI) 25 (10–40) 22 (10–40) 32 (15–45) 0.583
Lobular Inflammation (0/1/2), n (%) 8/31/2 (19/76/5) 6/20/- (23/77/-) 2/11/2 (13/74/13) 0.005

Ballooning (0/1/2), n (%) 4/21/16 (10/51/39) 3/14/9 (11/54/35) 1/7/7 (6/47/47) 0.091
NASH, n (%) 31 (76) 19 (73) 12 (80) 0.623

Note. Data are reported as median and 95% confidence interval of the median or as number and percentage.
NASH, non-alcoholic steatohepatitis.

3.2. Circulating Irisin Versus Metabolic Profile and Biomarkers of Fibrogenesis

Correlations between circulating irisin and metabolic parameters are reported in
Figure 1.
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relationship between irisin and liver fibrogenesis, which is the hepatic response to the 
inflammatory injury. This remarks the hypothesis that irisin is potentially a hallmark of a 
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Abbreviations. HDL, high density lipoprotein cholesterol; FFAs, free fatty acids; HOMA-IR, home-
ostasis model of assessment of insulin resistance; PRO-C3, N-terminal type III collagen propeptide;
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No significant correlation was found between irisin levels and both glucose and lipid
profile. On the other hand, circulating irisin directly correlated with both PRO-C3 and
PRO-C6 levels (rS = 0.47, p = 0.008 and rS = 0.46, p = 0.002, respectively) (Figure 2a,b).

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 5 of 8 
 

 

Correlations between circulating irisin and metabolic parameters are reported in 
Figure 1. 

 
Figure 1. Correlogram representing the correlations between irisin levels and metabolic parameters. 
Abbreviations. HDL, high density lipoprotein cholesterol; FFAs, free fatty acids; HOMA-IR, 
homeostasis model of assessment of insulin resistance; PRO-C3, N-terminal type III collagen 
propeptide; PRO-C6, type VI collagen cleavage product. 

No significant correlation was found between irisin levels and both glucose and lipid 
profile. On the other hand, circulating irisin directly correlated with both PRO-C3 and 
PRO-C6 levels (rS = 0.47, p = 0.008 and rS = 0.46, p = 0.002, respectively) (Figure 2a,b). 

 
Figure 2. Correlations between circulating irisin with biomarkers of fibrogenesis. (a) correlation 
between irisin and PRO-C3. (b) correlation between irisin and PRO-C6. Abbreviations: PRO-C3, N-
terminal type III collagen propeptide; PRO-C6, type VI collagen cleavage product. 

4. Discussion 
We have conducted a retrospective, cross-sectional study with the aim to explore the 

mechanistic role of the myokine irisin in a population of biopsy-established NAFLD, in 
the absence of major metabolic burdens (obesity and T2DM). We found that irisin levels 
were significantly higher in individuals with significant fibrosis. Similarly, we found a 
positive correlation between circulating irisin and novel markers of collagen remodeling 
PRO-C3 and PRO-C6. Current evidence from the literature assesses the role of these two 
peptides for the quantification of liver fibrogenesis [14,15]. Our results suggest a harmonic 
relationship between irisin and liver fibrogenesis, which is the hepatic response to the 
inflammatory injury. This remarks the hypothesis that irisin is potentially a hallmark of a 
more severe phenotype of liver disease, which is suggested by the increased irisin levels 
in individuals with advanced fibrosis.  

Given the tight link between IR, liver injury and fibrogenesis, the increased irisin 
synthesis may represent a continuum in the damage-response role that is exerted at a 

Figure 2. Correlations between circulating irisin with biomarkers of fibrogenesis. (a) correlation
between irisin and PRO-C3. (b) correlation between irisin and PRO-C6. Abbreviations: PRO-C3,
N-terminal type III collagen propeptide; PRO-C6, type VI collagen cleavage product.

4. Discussion

We have conducted a retrospective, cross-sectional study with the aim to explore the
mechanistic role of the myokine irisin in a population of biopsy-established NAFLD, in
the absence of major metabolic burdens (obesity and T2DM). We found that irisin levels
were significantly higher in individuals with significant fibrosis. Similarly, we found a
positive correlation between circulating irisin and novel markers of collagen remodeling
PRO-C3 and PRO-C6. Current evidence from the literature assesses the role of these two
peptides for the quantification of liver fibrogenesis [14,15]. Our results suggest a harmonic
relationship between irisin and liver fibrogenesis, which is the hepatic response to the
inflammatory injury. This remarks the hypothesis that irisin is potentially a hallmark of a
more severe phenotype of liver disease, which is suggested by the increased irisin levels in
individuals with advanced fibrosis.

Given the tight link between IR, liver injury and fibrogenesis, the increased irisin
synthesis may represent a continuum in the damage-response role that is exerted at a
mechanistic level. The increase of irisin in significant fibrosis is consistent with the results
described by Petta et al. [11], where irisin was overexpressed in hepatic stellate cells of
individuals with significant fibrosis. With regard to other histological features, we did
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not find any association between irisin and liver steatosis, differently from other studies
reporting an inverse association between irisin levels and intrahepatic fat [9,10].

In mice, about 70% of total circulating irisin derives from SM and the remaining part
mainly secreted by adipose tissue [3]. In humans, adipose tissue seems to be a relevant
source of irisin synthesis only in obese individuals, due to the expansion of visceral adipose
tissue [17]. In addition, a liver production of irisin has also been described [18]. In particular,
in individuals with advanced liver disease, where sarcopenia is a common clinical finding,
irisin levels seem to lack correlation with SM mass and with the diverse stages of liver
disease severity [19]. However, similar studies remark a positive association between
irisin levels and sarcopenia [20]. The heterogeneity of the study population due to either
different clinical features or the severity of liver disease, in association with extraepatic co-
morbidities, may significantly affect the circulating pool of irisin. In this study, it is plausible
that the main source of irisin is represented by SM, potentially with a liver contribution in
its synthesis, in relation to the disease activity.

The strength of this work is the well-characterized cohort of biopsy-proven NAFLD
patients who were selected for the absence of the major metabolic confounders, that could
have affected the interpretations of the results. In fact, irisin seems to be involved in the
regulation of IR, with conflicting results [21,22]. It seems to promote lipolysis and glucose
uptake in both adipocytes and SM through GLUT4 upregulation and translocation [4]. As
a result, irisin levels have been found to be associated with the risk of MetS and major
cardiovascular events [23,24], but a plausible interpretation of the results is limited by the
heterogeneity in MetS population, which features can significantly impact the circulating
irisin pool. Male gender and age higher than 50 years are two hallmarks of higher risk
for MetS development, but we did not find any difference in the distribution of irisin
levels in these subgroups, when compared to the counterparts (data not shown). Our
study has some limitations. The small number of patients limits the strength of the results.
In addition, we did not investigate the concomitant role of SM, which is affected by IR
in the setting of NAFLD. In fact, SM is a major source of peripheral IR, and the rise of
sarcopenia is the hallmark of the suffering SM protein synthesis along with the metabolic
disturbances. Sarcopenia may cause reduction in irisin synthesis, as described in literature,
even if without strong evidence [25,26]. However, the retrospective nature of this study
did not allow for further investigations at the time of liver biopsy. In conclusion, in a
well-characterized cohort of non-obese, non-diabetic, biopsy-proven NAFLD individuals,
increased irisin levels are found in individuals with significant fibrosis and are correlated
with increased liver fibrogenesis, potentially identifying a more aggressive phenotype of
liver disease. Larger studies are needed to confirm the results. The role of major metabolic
confounders, such as obesity and T2DM, demands a careful selection of study populations
and needs further investigations. The involvement of irisin in multiple cross talks makes it
difficult to underline a target population where it would be evaluated without confounders.
In addition, obesity and T2DM are the commonest features linked to NAFLD onset and
progression. However, given the association with liver fibrosis in this cohort of lean
individuals, is it plausible that higher levels of irisin in the absence of sarcopenia may be
a potential biomarker for liver disease severity, both among regular phenotypes and for
non-obese, non-diabetic patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm11030635/s1. Supplementary Figure S1: Flow chart of the study. Supplementary Table S1:
Correlations between irisin, PRO-C3 and PRO-C6 with the histological features of NASH.
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C.R., M.L.A., A.O., D.J.L.; data curation, A.A., C.R., M.V.; writing—original draft preparation, A.A.,
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supervision, E.B.; funding acquisition, E.B. All authors have read and agreed to the published version
of the manuscript.

131



J. Clin. Med. 2022, 10, 635

Funding: This research has been supported by the Italian Ministry for Education, University and
Research (Ministero dell’Istruzione, dell’Università e della Ricerca—MIUR) under the programme
“Dipartimenti di Eccellenza 2018–2022”, project code D15D18000410001 and by the Elucidating
Pathways of Steatohepatitis (EPoS) project. The EPoS project was funded by Horizon 2020-EU.3.1.1
under grant agreement n. 634413.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Ethics Committee of the University
Hospital “Città della Salute e della Scienza” of Torino (CEI/522, 23 December 2009).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hagström, H.; Nasr, P.; Ekstedt, M.; Hammar, U.; Stål, P.; Hultcrantz, R.; Kechagias, S. Fibrosis stage but not NASH predicts

mortality and time to development of severe liver disease in biopsy-proven NAFLD. J. Hepatol. 2017, 67, 1265–1273. [CrossRef]
2. Armandi, A.; Rosso, C.; Caviglia, G.P.; Bugianesi, E. Insulin Resistance across the Spectrum of Nonalcoholic Fatty Liver Disease.

Metabolites 2021, 11, 155. [CrossRef] [PubMed]
3. Boström, P.; Wu, J.; Jedrychowski, M.P.; Korde, A.; Ye, L.; Lo, J.C.; Rasbach, K.A.; Boström, E.A.; Choi, J.H.; Long, J.Z.; et al. A

PGC1-α-dependent myokine that drives brown-fat-like development of white fat and thermogenesis. Nature 2012, 11, 463–468.
[CrossRef] [PubMed]

4. Huh, J.Y.; Dincer, F.; Mesfum, E.; Mantzoros, C.S. Irisin stimulates muscle growth-related genes and regulates adipocyte
differentiation and metabolism in humans. Int. J. Obes. 2014, 38, 1538–1544. [CrossRef] [PubMed]

5. Yang, M.; Chen, P.; Jin, H.; Xie, X.; Gao, T.; Yang, L.; Yu, X. Circulating levels of irisin in middle-aged first-degree relatives of type
2 diabetes mellitus—Correlation with pancreatic β-cell function. Diabetol. Metab. Syndr. 2014, 5, 133. [CrossRef] [PubMed]

6. Liu, T.; Shi, C.; Gao, R.; Sun, H.; Xiong, X.; Ding, L.; Chen, Q.; Li, Y.H.; Wang, J.J.; Kang, Y.M.; et al. Irisin inhibits hepatic
gluconeogenesis and increases glycogen synthesis via the PI3K/Akt pathway in type 2 diabetic mice and hepatocytes. Clin. Sci.
2015, 129, 839–850. [CrossRef] [PubMed]

7. Tang, H.; Yu, R.; Liu, S.; Huwatibieke, B.; Li, Z.; Zhang, W. Irisin Inhibits Hepatic Cholesterol Synthesis via AMPK-SREBP2
Signaling. EBioMedicine 2016, 6, 139–148. [CrossRef]

8. Batirel, S.; Bozaykut, P.; Altundag, E.M.; Ozer, N.K.; Mantzoros, C.S. The effect of Irisin on antioxidant system in liver. Free Radic.
Biol. Med. 2014, 75, S16. [CrossRef]

9. Zhang, H.-J.; Zhang, X.-F.; Ma, Z.-M.; Pan, L.-L.; Chen, Z.; Han, H.-W.; Han, C.-K.; Zhuang, X.-J.; Lu, Y.; Li, X.-J.; et al. Irisin is
inversely associated with intrahepatic triglyceride contents in obese adults. J. Hepatol. 2013, 59, 557–562. [CrossRef]

10. Metwally, M.; Bayoumi, A.; Romero-Gomez, M.; Thabet, K.; John, M.; Adams, L.A.; Huo, X.; Aller, R.; García-Monzón, C.;
Arias-Loste, M.T.; et al. A polymorphism in the Irisin-encoding gene (FNDC5) associates with hepatic steatosis by differential
miRNA binding to the 3′UTR. J. Hepatol. 2019, 70, 494–500. [CrossRef]

11. Petta, S.; Valenti, L.; Svegliati-Baroni, G.; Ruscica, M.; Pipitone, M.R.; Dongiovanni, P.; Rychlicki, C.; Ferri, N.; Cammà, C.;
Fracanzani, A.L.; et al. Fibronectin Type III Domain-Containing Protein 5 rs3480 A > G Polymorphism, Irisin, and Liver Fibrosis
in Patients with Nonalcoholic Fatty Liver Disease. J. Clin. Endocrinol. Metab. 2017, 102, 2660–2669. [CrossRef] [PubMed]

12. Hu, J.; Ke, Y.; Wu, F.; Liu, S.; Ji, C.; Zhu, X.; Zhang, Y. Circulating Irisin Levels in Patients with Nonalcoholic Fatty Liver Disease:
A Systematic Review and Meta-Analysis. Gastroenterol. Res. Pract. 2020, 2020, 8818191. [CrossRef] [PubMed]

13. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin
resistance and β-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419.
[CrossRef] [PubMed]

14. Bril, F.; Leeming, D.J.; Karsdal, M.A.; Kalavalapalli, S.; Barb, D.; Lai, J.; Rabe, M.; Cusi, K. Use of Plasma Fragments of Propeptides
of Type III, V, and VI Procollagen for the Detection of Liver Fibrosis in Type 2 Diabetes. Diabetes Care 2019, 42, 1348–1351.
[CrossRef]

15. Caussy, C.; Bhargava, M.; Villesen, I.F.; Gudmann, N.S.; Leeming, D.J.; Karsdal, M.A.; Faulkner, C.; Bao, D.; Liu, A.; Lo, M.; et al.
Collagen Formation Assessed by N-Terminal Propeptide of Type 3 Procollagen Is a Heritable Trait and Is Associated with Liver
Fibrosis Assessed by Magnetic Resonance Elastography. Hepatology 2019, 70, 127–141. [CrossRef]

16. Kleiner, D.E.; Brunt, E.M.; Van Natta, M.; Behling, C.; Contos, M.J.; Cummings, O.W.; Ferrell, L.D.; Liu, Y.-C.; Torbenson, M.S.;
Unalp-Arida, A.; et al. Design and validation of a histological scoring system for nonalcoholic fatty liver disease. Hepatology 2005,
41, 1313–1321. [CrossRef]

17. Kurdiova, T.; Balaz, M.; Vician, M.; Maderova, D.; Vlcek, M.; Valkovič, L.; Srbecky, M.; Imrich, R.; Kyselovicova, O.; Belan, V.; et al.
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Abstract: Celiac Disease (CD) is an immune-mediated and gluten-related disorder whose prevalence
is higher in children affected with other autoimmune disorders, including diabetes mellitus type 1,
autoimmune thyroiditis, and others. As regards Juvenile Idiopathic Arthritis (JIA) and other pediatric
rheumatic disorders, there is no clear recommendation for CD serological screening. In this review,
we analyze all the available clinical studies investigating CD among children with JIA (and other
rheumatic diseases), in order to provide objective data to better understand the necessity of CD
serological screening during the follow-up. Based on the present literature review and analysis, >2.5%
patients with JIA were diagnosed with CD; however, the CD prevalence in JIA patients may be even
higher (>3–3.5%) due to several study limitations that could have underestimated CD diagnosis
to a variable extent. Therefore, serological screening for CD in children affected with JIA could
be recommended due to the increased CD prevalence in these patients (compared to the general
pediatric population), and because these JIA patients diagnosed with CD were mostly asymptomatic.
However, further research is needed to establish a cost-effective approach in terms of CD screening
frequency and modalities during the follow-up for JIA patients. Conversely, at the moment, there is
no evidence supporting a periodical CD screening in children affected with other rheumatic diseases
(including pediatric systemic lupus erythematosus, juvenile dermatomyositis, and systemic sclerosis).

Keywords: celiac disease; juvenile idiopathic arthritis; pediatric systemic lupus erythematosus;
juvenile dermatomyositis; systemic scleroderma; screening; prevalence

1. Introduction

Celiac Disease (CD) is an immune-mediated and gluten-related disorder occurring in
around 3% of patients who are carriers of specific HLA-DQ alleles (DQA1*0501-DQB1*02
and/or DQA1*0301-DQB1*0302) [1,2]. The hallmark of CD is the development of consistent
histopathological alterations of the small bowel mucosa, including increased intraepithelial
lymphocytes (IELs), crypts hyperplasia, and shortened/atrophic intestinal villi, as reflected
by the Marsh–Oberhuber classification [3]. However, CD is not only a gastrointestinal
disorder but also a systemic disease: indeed, the gastrointestinal manifestations are only
one component of the clinical picture in these patients (including children), who often
display extra-gastrointestinal involvement, including musculoskeletal complaints [4–6].
Conversely, there are several reports describing patients affected with rheumatic disorders
who resulted to be concomitantly affected with CD and, thus, are claimed to deserve
periodical screening for it by some authors [7].
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Several autoimmune disorders were included in the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN) guidelines for the Diagnosis of
Coeliac Disease (published in 2012), as “conditions associated with CD”. Notably, Juvenile
Idiopathic Arthritis (JIA) was listed among those in this position paper, where 1.5–2.5% CD
prevalence was reported among these patients; however, this information was supported by
only two studies dated back to 1996 and 1997, respectively [8–10]. Unlike other autoimmune
disorders (such as type 1 diabetes mellitus, autoimmune thyroiditis, and autoimmune liver
disease), no recommendation was given about CD screening in JIA patients in this position
paper; moreover, JIA is not cited at all in the recently updated ESPGHAN guidelines for
CD screening and management [8–11]. However, the growing availability of serological
tests for CD promoted and increased its screening in a larger number of children, including
those with rheumatic disorders, even though no clear recommendations or guidelines have
been published in this regard. This gap of knowledge can cause both CD under-diagnosis
(with potentially negative long-term consequences for rheumatic children in whom CD is
overlooked) and/or inappropriate use of CD serological tests (with consequent waste of
resources and/or diagnostic concerns).

In this review, we analyzed all the available clinical studies investigating CD among
children with JIA, in order to provide objective data to better understand the necessity of
CD serological screening during the follow-up of this rheumatic disorder. Moreover, in
order to make our analysis more complete, we also assessed whether there is any evidence
regarding the potential association between CD and other rheumatic diseases in children.

2. Juvenile Idiopathic Arthritis and Celiac Disease

Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disorder
in children. It is diagnosed in patients aged up to 16 years with chronic arthritis (last-
ing 6 weeks or more), which is not associated to any specific and recognizable etiology
(e.g., infectious, neoplastic, metabolic). According to the International League of Associ-
ations for Rheumatology (ILAR), five main subtypes can be defined inside the JIA clas-
sification: systemic (sJIA); oligoarticular (oJIA), which may be persistent or extended;
polyarticular (pJIA), which is usually rheumatoid factor (RF) negative and, much less
frequently, positive; psoriatic (PsJIA); and enthesitis-related (ERA). Additionally, JIA may
be categorized as undifferentiated, if arthritis does not fulfill the diagnostic criteria for any
of the aforementioned subtypes [12]. Like CD, HLA system plays a role in JIA etiopatho-
genesis; however, the HLA genetic predisposition to JIA is mainly due to other HLA class
II molecules (HLA-DRB1, HLA-DPB1), which are differentially involved according to the
JIA subtype [13,14].

In order to investigate the epidemiological burden of CD in JIA patients, the litera-
ture search was performed using PubMed with the keywords ([“children”] AND “Celiac
Disease” AND “arthritis” OR “Juvenile Idiopathic Arthritis”) restricted between 2000 and
2021 (31 December). Only the clinical studies describing cohorts (not case reports or se-
ries) of JIA patients screened for CD were included for data extraction, as summarized in
Table 1 [15–28].

The study by Stagi et al. reported a relatively high prevalence (6.7%) of CD in their
cohort of JIA patients [15]. A comparable result emerged from the research by Skrabl-
Baumgartne et al., who found a 4.2% prevalence of CD in their JIA patients [20]. Notably,
both studies included a control group, where no CD cases were identified: moreover, these
were among the largest studies (JIA: n = 151 and n = 95, respectively; controls: n = 158 and
n = 100, respectively) of the present selection [15,22]. Actually, in terms of JIA cohort, the
second largest research was the prospective study published by Alpegiani et al. (n = 108),
who reported a CD prevalence of 2.8%; however, no control group was available in this
research [16]. A third study (by Stoll et al.) included a control group, but patients’ number
(JIA: n = 32; controls: n = 10) was among the smallest ones; here, no CD diagnoses were
made in either group [18].
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Among the remaining studies included in our selection, no one included a control
group, and CD cases were identified in six studies, showing a CD prevalence ranging
between 1.3% and 2.8% [19,23,25–27]. All the other studies did not identify any CD patient;
however, these were basically the least numerous studies [17,18,20,21], except the one
published by Sahin et al. (n = 96) [24]. Notably, these studies adopted an incomplete
CD screening strategy: indeed, Khoene et al. and Nisihara et al., respectively, performed
the serological screening by using anti-gliadin antibody(AGA)/anti-endomysia antibody
(EmA) and EmA/anti-tissue transglutaminase IgG (tTG IgG), which are not the most
sensitive serological markers for CD [17,21]. Currently, anti-tissue transglutaminase IgA
(tTG IgA) is considered the most accurate serological marker (in terms of both sensitivity
and specificity) for CD in children [11,29,30]. Sahin et al., Stoll et al., and Moghdateri et al.
actually used tTG IgA to screen their JIA patients [18,20,24]; however, some patients may be
positive for EmA only (and tTG-IgA negative, at least in the initial stage of disease) [5,31,32]
and, therefore, a cross-sectional study where EmA or tTG IgA are not used together may
have lost these CD patients, even if they are very few.

Considering the sum of all articles included our literature research, there were 1174 JIA
patients, and 30 of them were concomitantly diagnosed with CD, suggesting a CD preva-
lence as high as 2.6% in JIA patients. This prevalence may be an estimation by defect: in
addition to the aforementioned concerns about the serological screening in several studies,
some tTG IgA and/or EmA serologically positive patients did not undergo or declined
the upper gastrointestinal endoscopy (overall, around 10 serologically positive patients
declined this procedure in these studies, whereas this information is not available in at
least four studies). Finally, it is worth reporting that the total IgA measurement is clearly
confirmed in only half of the studies (7 out of 14), whereas in the remaining ones, such an
important aspect is not specified. Indeed, as emphasized by several authors and guidelines,
the concomitant measurement of total serum IgA is an essential step for a complete CD sero-
logical screening, since IgA deficiency impairs the reliability of the most sensitive markers,
namely EmA and tTG IgA [11,33,34]. In this regard, JIA patients could also be charac-
terized by an increased prevalence of IgA deficiency, as it occurs in several autoimmune
disorders [33,35]. Unfortunately, recent data investigating IgA levels in JIA are missing,
but a dated report by Pelkonen et al. reported >7% frequency of persistent or transient IgA
deficiency in their study population (including 350 patients with JIA) [36]. If this finding
could be confirmed, that may represent an additional reason for under-estimating CD
prevalence in JIA.

In summary, based on the present literature review and analysis, >2.5% patients
with JIA were diagnosed with CD; however, considering the suboptimal strategy for CD
serological screening and the incomplete diagnostic work-up (without upper GI endoscopy
and, thus, duodenal biopsy), as discussed above, the CD prevalence in JIA patients may
be even higher (>3–3.5%). Anyway, even the actual CD prevalence of 2.6% emerging
from our analysis in JIA patients is higher than CD prevalence in the general pediatric
population, which is estimated to be around 1% [37]. Therefore, JIA patients seem to be
at greater risk of developing CD during the pediatric age. Even though this increased
risk is not as high as in other conditions reported in the aforementioned ESPGHAN CD
guidelines (such as type 1 diabetes mellitus, autoimmune thyroiditis, and autoimmune
liver disorders) [8], JIA patients could be eligible for periodic CD screening, although the
frequency of these serological tests may be debated. Methodologically standardized and
controlled prospective studies with larger sample sizes are needed to confirm this number
and assess the most cost-effective approach to monitor JIA patients as regards the potential
occurrence of CD.

Notably, in the present analysis, all JIA patients concomitantly diagnosed with CD
were reported to be asymptomatic for the latter condition (see Table 1), which would further
support the indication to screen JIA patients for CD during their rheumatological follow-up.
Although this clinical practice has been already implemented in some rheumatological
centers, this approach is neither systematic nor standardized since it is not supported
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by clear evidence. Indeed, as mentioned above, additional research may lead to specific
algorithms to screen JIA patients for CD, which could also consider some demographic,
clinical, and laboratory parameters to implement a cost-effective approach for this purpose.

As regards the JIA subtypes, among those 30 ascertained CD diagnoses in JIA patients,
the JIA subtype is declared for 25 of them (oJIA: n = 14, pJIA: n = 6; PsJIA: n = 3; ERA: n = 1;
sJIA: n = 1). Accordingly, oJIA represents >55% of CD/JIA patients, whereas this subtype is
considered to account for around 40% of JIA patients, regardless of the ethnicity; conversely,
sJIA is diagnosed in around 13% of JIA patients [38], whereas only 1 JIA patient (4%) was
diagnosed with CD. Again, >75% (19 out of these 25) JIA patients diagnosed with CD
were female, which corresponds to a female-to-male ratio greater than 3:1, which is higher
than the gender ratios previously reported for JIA patients in both European (7:3) and
non-European (3:2) populations [38]. Finally, information about additional autoimmune
disorders (e.g., thyroiditis) and/or family history and/or some laboratory parameters
commonly assessed during JIA follow-up (e.g., liver enzymes, specific autoantibodies,
others) might further affect the CD risk in this clinical setting; unfortunately, no data are
provided by the aforementioned studies in this regard.

3. Pediatric Systemic Lupus Erythematosus and Celiac Disease

Systemic lupus erythematosus (SLE) is an autoimmune disease with very variable
expression, since all the organs and systems can be affected [39]. Pediatric SLE (pSLE) is di-
agnosed in patients younger than 18 years and represents 10–20% of all SLE cases [40]. The
immunopathogenesis of SLE is extremely complex and involves both adaptive and innate
immune mechanisms [41,42], but a large and heterogeneous production of autoantibodies
can be considered a main feature, which is also consistent with its very variable clinical
expression and organ/systemic involvement [43–45]. Among those, anti-dsDNA antibody
is a hallmark of SLE, since it is a very specific and sensitive marker and even correlates
with the disease activity [46,47].

Several case reports suggested a possible association between CD and SLE in adults [48–50].
An Israelian study based on a large medical database compared 5,018 patients with SLE and
25,090 age- and sex-matched controls and reported an association between SLE and CD with a
multivariate OR of 3.92 [51]. Conversely, other studies found no association between SLE and
CD [52,53] Very recently, a study by Soltani et al., including both adults and children (without
any specific age-related analysis), reported a prevalence of 3% for biopsy-proven CD in patients
with SLE and, thus, revamped this issue [54].

In this review, we focused on the pediatric population and, thus, pSLE. Based upon
literature research in PubMed database (“children” AND “Celiac Disease” OR “[Juvenile]
systemic lupus erythematosus”) starting from 2000 until 2021 (31 December), we could
retrieve only a few clinical studies (excluding case reports) assessing the presence of CD in
pSLE patients, as summarized in Table 2 [26,55,56].

Unfortunately, these three pediatric studies included small cohorts of patients, and the
screening approach was quite variable. Overall, none showed a potential increase in CD
prevalence in pSLE patients [26,55,56].

However, a recent study by Shamseya et al., assessed CD serology in a group of
100 SLE adult patients (34.6 ± 9.6 years) who were actually diagnosed during the pediatric
age (pSLE at their onset). These (p)SLE patients were compared with a sex- and age-
matched control group (n = 40). All the study participants were tested for tTG IgA (or tTG
IgG, if IgA deficiency was detected); moreover, if anyone was tTG-positive, this patient
was tested for EmA IgA too. Briefly, 10 (p)SLE patients (10%) were both tTG and EmA
IgA positive and all controls tested negative: such a difference was statistically significant.
Upper gastrointestinal endoscopy was performed in all these 10 (p)SLE patients: the
histopathological assessment confirmed CD in 6 patients, where 4 cases were labelled as
latent CD at that moment [57]. Therefore, even though pSLE does not seem to be associated
with CD during the pediatric age, these patients may be at increased risk later in their life.
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4. Celiac Disease in Other Pediatric Rheumatic Disorders

In the aforementioned study by Aikawa et al., 41 patients with juvenile dermatomyosi-
tis (JDM) were included, in addition to those children affected with pSLE. Among them,
only one JDM patient was diagnosed as CD [55]. The absence of additional clinical studies
assessing CD in JDM patients precludes any conclusion in children. However, O’Callaghan
et al. described 51 adult dermatomyositis patients who were tested by AGA IgA, EmA,
and tTG IgA: 5 patients were positive for AGA, and 3 of them received histopathological
confirmation for CD [58]. Similarly, Orbach et al. showed mildly but significantly higher
levels of AGA IgA and anti-tTG IgA levels patients affected with idiopathic inflammatory
myopathies (IIMs) compared with matched adult controls, but no histopathological data on
duodenal biopsy were provided by these authors [59]. Therefore, further research may be
advisable in patients affected with IIMs, including JDM, in order to assess the risk for CD.

In addition to JIA patients, the aforementioned study by Robazzi et al., also investi-
gated 66 children affected with rheumatic fever. One patient was diagnosed with CD [19].
No studies are available in the adult population. Anyway, no plausible biological or medical
link between rheumatic fever and CD can be highlighted.

Soylu et al. published a study on CD in children developing Henoch–Schoenlein
purpura (IgA vasculitis): among 42 study participants tested by EmA, tTG IgA and anti-
deamidated gliadin peptide (DGP) IgA/IgG, seropositivity was detected in 5 children,
of whom 2 received histological confirmation for CD (one patient declined the duodenal
biopsy) [60]. Further research may be appropriate in this specific clinical setting.

No studies assessed CD in children affected with systemic scleroderma (sSC). However,
Nisihara et al. tested 60 adult patients affected with sSC for EmA and AGA IgA/IgG: all
samples turned out negative [61]. Similarly, Forbess et al. screened 72 adult SSc patients by
testing tTG IgA/IgG and DGP IgA/IgG: three patients tested positive for any markers, but
no one was confirmed as being affected with CD [62]. Notably, these studies are in contrast
with two previous reports by Luft et al. and Rosato et al., who estimated a CD prevalence
of 7% and 8% in their respective cohorts of sSC patients; actually, the first study was not
supported by any confirmatory duodenal biopsy [63,64]. Anyway, at the moment, there is
no evidence to support any systematic CD screening in children affected with sSC.

5. Conclusions

The present literature analysis seems to support the indication of serological screening
for CD in children affected with JIA, since the CD prevalence in JIA patients could be
around threefold greater than in the pediatric general population, and all those patients
diagnosed with CD after JIA onset were mostly asymptomatic. However, evidence-based
policies and clear recommendations for CD screening are currently lacking in JIA patients;
further research is needed to establish a cost-effective approach in terms of CD screening
frequency and strategy over the follow-up for JIA patients. As regards other pediatric
rheumatic disorders (including pSLE), at the moment, there is no evidence supporting a
periodical CD screening.

Author Contributions: D.P. conceived and wrote the manuscript; K.D., D.A. and D.G. contributed
to the literature research; M.R. and E.D. provided expert and intellectual contributions. All authors
have read and agreed to the published version of the manuscript.

Funding: This review was supported by the Nazarbayev University Faculty Development Competitive
Research Grant 2020-2022 (No. 240919FD3912), and the Nazarbayev University Social Policy Grant.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

140



J. Clin. Med. 2022, 11, 1089

References
1. Lindfors, K.; Ciacci, C.; Kurppa, K.; Lundin, K.E.A.; Makharia, G.K.; Mearin, M.L.; Murray, J.A.; Verdu, E.F.; Kaukinen, K. Coeliac

disease. Nat. Rev. Dis. Primers 2019, 5, 3. [CrossRef] [PubMed]
2. Poddighe, D.; Rebuffi, C.; De Silvestri, A.; Capittini, C. Carrier frequency of HLA-DQB1*02 allele in patients affected with celiac

disease: A systematic review assessing the potential rationale of a targeted allelic genotyping as a first-line screening. World J.
Gastroenterol. 2020, 26, 1365–1381. [CrossRef] [PubMed]

3. Oberhuber, G.; Granditsch, G.; Vogelsang, H. The histopathology of coeliac disease: Time for a standardized report scheme for
pathologists. Eur. J. Gastroenterol. Hepatol. 1999, 11, 1185–1194. [CrossRef]

4. Therrien, A.; Kelly, C.P.; Silvester, J.A. Celiac Disease: Extraintestinal Manifestations and Associated Conditions. J. Clin.
Gastroenterol. 2020, 54, 8–21. [CrossRef]

5. Poddighe, D.; Capittini, C.; Gaviglio, I.; Brambilla, I.; Marseglia, G.L. HLA-DQB1*02 allele in children with celiac disease:
Potential usefulness for screening strategies. Int. J. Immunogenet. 2019, 46, 342–345. [CrossRef]

6. Zylberberg, H.M.; Lebwohl, B.; Green, P.H.R. Celiac Disease-Musculoskeletal Manifestations and Mechanisms in Children to
Adults. Curr. Osteoporos. Rep. 2018, 16, 754–762. [CrossRef]

7. Sherman, Y.; Karanicolas, R.; DiMarco, B.; Pan, N.; Adams, A.B.; Barinstein, L.V.; Moorthy, L.N.; Lehman, T.J. Unrecognized
Celiac Disease in Children Presenting for Rheumatology Evaluation. Pediatrics 2015, 136, e68–e75. [CrossRef]

8. Husby, S.; Koletzko, S.; Korponay-Szabó, I.R.; Mearin, M.L.; Phillips, A.; Shamir, R.; Troncone, R.; Giersiepen, K.; Branski, D.;
Catassi, C.; et al. European Society for Pediatric Gastroenterology, Hepatology, and Nutrition guidelines for the diagnosis of
coeliac disease. J. Pediatr. Gastroenterol. Nutr. 2012, 54, 136–160. [CrossRef]

9. George, D.K.; Evans, R.M.; Gunn, I.R. Familial chronic fatigue. Postgrad. Med. J. 1997, 73, 311–313. [CrossRef]
10. Lepore, L.; Martelossi, S.; Pennesi, M.; Falcini, F.; Ermini, M.L.; Ferrari, R.; Perticarari, S.; Presani, G.; Lucchesi, A.; Lapini, M.;

et al. Prevalence of celiac disease in patients with juvenile chronic arthritis. J. Pediatr. 1996, 129, 311–313. [CrossRef]
11. Husby, S.; Koletzko, S.; Korponay-Szabó, I.; Kurppa, K.; Mearin, M.L.; Ribes-Koninckx, C.; Shamir, R.; Troncone, R.; Auricchio, R.;

Castillejo, G.; et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac
Disease 2020. J. Pediatr. Gastroenterol. Nutr. 2020, 70, 141–156. [CrossRef] [PubMed]

12. Prakken, B.; Albani, S.; Martini, A. Juvenile idiopathic arthritis. Lancet 2011, 377, 2138–2149. [CrossRef]
13. Hersh, A.O.; Prahalad, S. Immunogenetics of juvenile idiopathic arthritis: A comprehensive review. J. Autoimmun. 2015,

64, 113–124. [CrossRef] [PubMed]
14. De Silvestri, A.; Capittini, C.; Poddighe, D.; Marseglia, G.L.; Mascaretti, L.; Bevilacqua, E.; Scotti, V.; Rebuffi, C.; Pasi, A.;

Martinetti, M.; et al. HLA-DRB1 alleles and juvenile idiopathic arthritis: Diagnostic clues emerging from a meta-analysis.
Autoimmun. Rev. 2017, 16, 1230–1236. [CrossRef] [PubMed]

15. Stagi, S.; Giani, T.; Simonini, G.; Falcini, F. Thyroid function, autoimmune thyroiditis, and coeliac disease in juvenile idiopathic
arthritis. Rheumatology 2005, 44, 517–520. [CrossRef]

16. Alpigiani, M.G.; Haupt, R.; Parodi, S.; Calcagno, A.; Poggi, E.; Lorini, R. Coeliac disease in 108 patients with juvenile idiopathic
arthritis: A 13-year follow-up study. Clin. Exp. Rheumatol. 2008, 26, 162.

17. Koehne Vde, B.; Bahia, M.; Lanna, C.C.; Pinto, M.R.; Bambirra, E.A.; Cunha, A.S. Prevalence of serological markers for celiac
disease (IgA and IgG class antigliadin antibodies and IgA class antiendomysium antibodies) in patients with autoimmune
rheumatologic diseases in Belo Horizonte, MG, Brazil. Arq. Gastroenterol. 2010, 47, 250–256. [CrossRef]

18. Stoll, M.L.; Patel, A.S.; Christadoss, M.L.; Punaro, M.; Olsen, N.J. IgA transglutaminase levels in children with Juvenile Idiopathic
Arthritis. Ann. Paediatr. Rheumatol. 2012, 1, 31–35. [CrossRef]

19. Robazzi, T.C.; Adan, L.F.; Pimentel, K.; Guimarães, I.; Magalhães Filho, J.; Toralles, M.B.; Rolim, A.M. Autoimmune endocrine
disorders and coeliac disease in children and adolescents with juvenile idiopathic arthritis and rheumatic fever. Clin. Exp.
Rheumatol. 2013, 31, 310–317.

20. Moghtaderi, M.; Farjadian, S.; Aflaki, E.; Honar, N.; Alyasin, S.; Babaei, M. Screening of patients with juvenile idiopathic arthritis
and those with rheumatoid arthritis for celiac disease in southwestern Iran. Turk. J. Gastroenterol. 2016, 27, 521–524. [CrossRef]

21. Nisihara, R.; Skare, T.; Jardim, A.C.; Utiyama, S.R. Celiac disease autoantibodies in juvenile idiopathic arthritis. Rheumatol. Int.
2017, 37, 323–324. [CrossRef]

22. Skrabl-Baumgartner, A.; Christine Hauer, A.; Erwa, W.; Jahnel, J. HLA genotyping as first-line screening tool for coeliac disease in
children with juvenile idiopathic arthritis. Arch. Dis. Child. 2017, 102, 607–611. [CrossRef]

23. Tronconi, E.; Miniaci, A.; Pession, A. The autoimmune burden in juvenile idiopathic arthritis. Ital. J. Pediatr. 2017, 43, 56.
[CrossRef]

24. Sahin, Y.; Sahin, S.; Barut, K.; Cokugras, F.C.; Erkan, T.; Adrovic, A.; Kutlu, T.; Kasapcopur, O. Serological screening for coeliac
disease in patients with juvenile idiopathic arthritis. Arab. J. Gastroenterol. 2019, 20, 95–98. [CrossRef] [PubMed]

25. Öman, A.; Hansson, T.; Carlsson, M.; Berntson, L. Evaluation of screening for coeliac disease in children with juvenile idiopathic
arthritis. Acta Paediatr. 2019, 108, 688–693. [CrossRef]

26. AlEnzi, F.; Yateem, M.; Shaikh, M.; AlSohaibani, F.; Alhaymouni, B.; Ahmed, A.; Al-Mayouf, S.M. The Value of Screening for
Celiac Disease in Systemic Lupus Erythematosus: A Single Experience of a Tertiary Medical Center. Rheumatol. Ther. 2020,
7, 649–656. [CrossRef] [PubMed]

141



J. Clin. Med. 2022, 11, 1089

27. Pagnini, I.; Scavone, M.; Maccora, I.; Mastrolia, M.V.; Marrani, E.; Bertini, F.; Lamot, L.; Simonini, G. The Development of
Extra-Articular Manifestations in Children with Enthesitis-Related Arthritis: Natural Course or Different Disease Entity? Front.
Med. 2021, 8, 667305. [CrossRef]

28. Sadeghi, P.; Salari, K.; Ziaee, V.; Rezaei, N.; Eftekhari, K. Serological Screening of Celiac Disease in Patients with Juvenile
Idiopathic Arthritis. Arch. Iran. Med. 2021, 24, 783–785. [CrossRef]

29. Lerner, A.; Ramesh, A.; Matthias, T. Serologic Diagnosis of Celiac Disease: New Biomarkers. Gastroenterol. Clin. N. Am. 2019,
48, 307–317. [CrossRef] [PubMed]

30. Abdukhakimova, D.; Dossybayeva, K.; Grechka, A.; Almukhamedova, Z.; Boltanova, A.; Kozina, L.; Nurgaliyeva, K.; Hasanova,
L.; Tanko, M.N.; Poddighe, D. Reliability of the Multiplex CytoBead CeliAK Immunoassay to Assess Anti-tTG IgA for Celiac
Disease Screening. Front. Med. 2021, 8, 731067. [CrossRef]

31. Roca, M.; Donat, E.; Marco-Maestud, N.; Masip, E.; Hervás-Marín, D.; Ramos, D.; Polo, B.; Ribes-Koninckx, C. Efficacy Study of
Anti-Endomysium Antibodies for Celiac Disease Diagnosis: A Retrospective Study in a Spanish Pediatric Population. J. Clin.
Med. 2019, 8, 2179. [CrossRef] [PubMed]

32. Kotze, L.M.; Utiyama, S.R.; Nisihara, R.M.; de Camargo, V.F.; Ioshii, S.O. IgA class anti-endomysial and anti-tissue transglutami-
nase antibodies in relation to duodenal mucosa changes in coeliac disease. Pathology 2003, 35, 56–60. [CrossRef]

33. Poddighe, D.; Capittini, C. The Role of HLA in the Association between IgA Deficiency and Celiac Disease. Dis. Mark. 2021,
2021, 8632861. [CrossRef]

34. Nazario, E.; Lasa, J.; Schill, A.; Duarte, B.; Berardi, D.; Paz, S.; Muryan, A.; Zubiaurre, I. IgA deficiency is not systematically ruled
out in patients undergoing celiac disease testing. Dig. Dis Sci. 2021; Online ahead of print. [CrossRef]

35. Singh, K.; Chang, C.; Gershwin, M.E. IgA deficiency and autoimmunity. Autoimmun. Rev. 2014, 13, 163–177. [CrossRef]
36. Pelkonen, P.; Savilahti, E.; Mäkelä, A.L. Persistent and transient IgA deficiency in juvenile rheumatoid arthritis. Scand. J. Rheumatol.

1983, 12, 273–279. [CrossRef] [PubMed]
37. Singh, P.; Arora, A.; Strand, T.A.; Leffler, D.A.; Catassi, C.; Green, P.H.; Kelly, C.P.; Ahuja, V.; Makharia, G.K. Global Prevalence of

Celiac Disease: Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2018, 16, 823–836. [CrossRef]
38. Saurenmann, R.K.; Rose, J.B.; Tyrrell, P.; Feldman, B.M.; Laxer, R.M.; Schneider, R.; Silverman, E.D. Epidemiology of juvenile

idiopathic arthritis in a multiethnic cohort: Ethnicity as a risk factor. Arthritis Rheum. 2007, 56, 1974–1984. [CrossRef] [PubMed]
39. Kiriakidou, M.; Ching, C.L. systemic lupus erythematosus. Ann. Intern. Med. 2020, 172, 81–96. [CrossRef] [PubMed]
40. Kamphuis, S.; Silverman, E.D. Prevalence and burden of pediatric onset systemic lupus erythematosus. Nat. Rev. Rheumatol. 2010,

6, 538–546. [CrossRef]
41. Tsokos, G.C.; Lo, M.S.; Costa Reis, P.; Sullivan, K.E. New insights into the immunopathogenesis of systemic lupus erythematosus.

Nat. Rev. Rheumatol. 2016, 12, 716–730. [CrossRef]
42. Dossybayeva, K.; Abdukhakimova, D.; Poddighe, D. Basophils and Systemic Lupus Erythematosus in Murine Models and

Human Patients. Biology 2020, 9, 308. [CrossRef] [PubMed]
43. Bundhun, P.K.; Kumari, A.; Huang, F. Differences in clinical features observed between childhood-onset versus adult-onset

systemic lupus erythematosus: A systematic review and meta-analysis. Medicine 2017, 96, 80–86. [CrossRef]
44. Smith, P.P.; Gordon, C. Systemic lupus erythematosus: Clinical presentations. Autoimmun. Rev. 2010, 10, 43–45. [CrossRef]

[PubMed]
45. Abdirakhmanova, A.; Sazonov, V.; Mukusheva, Z.; Assylbekova, M.; Abdukhakimova, D.; Poddighe, D. Macrophage Activation

Syndrome in Pediatric Systemic Lupus Erythematosus: A Systematic Review of the Diagnostic Aspects. Front. Med. 2021,
8, 681875. [CrossRef]

46. de Leeuw, K.; Bungener, L.; Roozendaal, C.; Bootsma, H.; Stegeman, C.A. Autoantibodies to double-stranded DNA as biomarker
in systemic lupus erythematosus: Comparison of different assays during quiescent and active disease. Rheumatology 2017,
56, 698–703. [CrossRef]

47. Reveille, J.D. Predictive value of autoantibodies for activity of systemic lupus erythematosus. Lupus 2004, 13, 290–297. [CrossRef]
48. Ma, Y.; Zhuang, D.; Qiao, Z. Dual threat of comorbidity of celiac disease and systemic lupus erythematosus. J. Int. Med. Res. 2021,

49, 3000605211012258. [CrossRef]
49. Hrycek, A.; Siekiera, U. Coeliac disease in systemic lupus erythematosus: A case report. Rheumatol. Int. 2008, 28, 491–493.

[CrossRef] [PubMed]
50. Mirza, N.; Bonilla, E.; Phillips, P.E. Celiac disease in a patient with systemic lupus erythematosus: A case report and review of

literature. Clin. Rheumatol. 2007, 26, 827–828. [CrossRef] [PubMed]
51. Dahan, S.; Shor, D.B.; Comaneshter, D.; Tekes-Manova, D.; Shovman, O.; Amital, H.; Cohen, A.D. All disease begins in the gut:

Celiac disease co-existence with SLE. Autoimmun. Rev. 2016, 15, 848–853. [CrossRef] [PubMed]
52. Picceli, V.F.; Skare, T.L.; Nisihara, R.; Kotze, L.; Messias-Reason, I.; Utiyama, S.R. Spectrum of autoantibodies for gastrointestinal

autoimmune diseases in systemic lupus erythematosus patients. Lupus 2013, 22, 1150–1155. [CrossRef] [PubMed]
53. Elhami, E.; Zakeri, Z.; Sadeghi, A.; Rostami-Nejad, M.; Volta, U.; Zali, M.R. Prevalence of celiac disease in Iranian patients with

rheumatologic disorders. Gastroenterol. Hepatol. Bed Bench 2018, 11, 239–243.
54. Soltani, Z.; Baghdadi, A.; Nejadhosseinian, M.; Faezi, S.T.; Shahbazkhani, B.; Mousavi, S.A.; Kazemi, K. Celiac disease in patients

with systemic lupus erythematosus. Reumatologia 2021, 59, 85–89. [CrossRef]

142



J. Clin. Med. 2022, 11, 1089

55. Aikawa, N.E.; Jesus, A.A.; Liphaus, B.L.; Silva, C.A.; Carneiro-Sampaio, M.; Viana, V.S.; Sallum, A.M. Organ-specific autoanti-
bodies and autoimmune diseases in juvenile systemic lupus erythematosus and juvenile dermatomyositis patients. Clin. Exp.
Rheumatol. 2012, 30, 126–131. [CrossRef]
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Abstract: Helicobacter pylori (Hp) infects half of the world population and is responsible for gastric,
duodenal ulcers and gastric cancer. The eradication of Hp cures ulcers and prevents ulcer recurrences
and gastric cancer. Antibiotic resistance of Hp, and particularly clarithromycin resistance, is the
primary cause of treatment failure and is a major concern identified by the WHO as a high priority
requiring research into new strategies. Treatments guided by the detection of antibiotic resistance
have proven their medical and economical superiority. However, this strategy is severely hampered
by the invasive nature of the fibroscopy, since antibiotic resistance detection requires gastric biopsies.
The eradication of Hp involves primary care physicians. The objective of this study will be to
evaluate the feasibility of a strategy for the management of Hp infection in primary care by a recently
developed non-invasive procedure and its non-inferiority in eradication rates compared with the
strategy recommended by the French National Authority of Health. The non-invasive procedure is a
PCR on stool to detect Hp infection and mutations conferring resistance to clarithromycin allowing a
treatment guided by the results of the PCR. We present the protocol of a prospective, multicenter,
randomized, controlled interventional study in two arms.

Keywords: Helicobacter pylori; primary care physicians; antimicrobials; diagnosis

1. Introduction

Helicobacter pylori (Hp) infection is the most common chronic bacterial infection in the
world (50% of the world population, 20 to 30% of the French population) [1–3]. Acquired in
childhood, most often within the family, this infection persists throughout the individual’s
life in the absence of specific treatment [4]. Many infected persons present chronic gastritis,
most of the time asymptomatic. Only 5–10% of infected people will develop a gastric or
duodenal ulcer, 1–3% gastric cancer (adenocarcinoma or MALT lymphoma) [5]. This repre-
sents 80,000 cases of peptic ulcers and 6000 gastric cancers (5-year survival rate of 20%) in
France each year [6,7]. Hp is recognized as a class 1 carcinogen by the WHO (800,000 deaths
from gastric cancer worldwide each year) [7,8]. Treatment cures peptic ulcers and prevents
their recurrence, prevents gastric adenocarcinoma and cures MALT lymphoma without
associated translocation. Resistance to the antibiotics used in eradication therapy is the
primary cause of treatment failure, followed by poor compliance [9,10].

In Europe H. pylori resistance rates in 2018 (on 1211 strains) were 21.4% for clar-
ithromycin, 15.8% for levofloxacin and 38.9% for metronidazole. Prevalence was signif-
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icantly higher in Central/Western and Southern than in the Northern European coun-
tries [11]. In the same year, 20.9% of Hp strains in France were resistant to clarithromycin,
17.6% to levofloxacin, and 58.6% to metronidazole [10,12,13]. The 2017 recommendations of
the French National Authority for Health (Haute Autorité de Santé, HAS) placed “guided”
and “empirical” treatment modalities at the heart of strategies for Hp eradication [14].
These “guided” treatments following the identification of resistance to certain antibiotics
have proven their medico- economic superiority in the eradication of this bacterium [15].
This guided treatment strategy requires gastric biopsies and culture of this difficult-to-
culture bacterium and/or a real-time PCR [16,17]. This strategy is severely hampered by
the invasive nature of the gastroscopy, the difficulty of the culture and the cost of the PCR.
It has been widely demonstrated that treatment guided by resistance detection is more
effective, less expensive and better tolerated. The World Health Organization, WHO, has
identified Hp resistance to clarithromycin as a high priority requiring research into new
strategies. In France, guided treatment represents less than 1% of eradication treatments
(Longitudinal Patient Data and French national Health information system, SNIIRAM),
despite the recommendations of the HAS and the European and French Societies for Gas-
troenterology to favor treatment guided by the results of Antibiotic Susceptibility Testing,
AST, or PCR.

Serology, a non-invasive test, easy-to-perform and inexpensive, has demonstrated
good performances (sensitivity, Sen, over 96% and specificity, Spe, between 60 and 90%).
However, it does not allow detection of antibiotic resistance and the active nature of the
infection. Similarly, other non-invasive tests have been developed to detect Hp in other,
less invasive specimens, such as respiratory specimens (for the urea breath test, used for
eradication testing) or stool (stool antigen test) (described or reviewed in refs. [18–21]).
The latter have the same limitations as serology, being limited to the presence/absence
of Hp without any precision on the AST profile, crucial for disease management in many
countries of the world. Several diagnostic companies have recently marketed PCR kits
for the detection of Hp infection and clarithromycin resistance mutations in stool. The
performances of the Amplidiag H. pylori + ClariR test (Mobidiag, Hologic Inc., Marlborough,
MA, USA) for detection of Hp infection and detection of clarithromycin resistance by real-
time PCR have been demonstrated [10]. These excellent performances (Sen 96.3% and Spe
98.7%) make it possible to consider using this non-invasive technique for diagnosis and
treatment orientation and consequently to be able to carry out guided treatment without
recourse to gastro-duodenal endoscopy and biopsies. PCR testing of stool for Hp infection
and resistance to clarithromycin is simple and requires few trained personnel. Its non-
invasive character may allow it to be used in patients with an indication for the detection
and treatment of Hp infection and without an indication for gastro-duodenal endoscopy.

The eradication of Hp strongly involves primary care physicians (general practitioners,
GPs). The diagnosis of Hp infections in the general population requires close collaboration
between primary care physicians and other specialists (gastroenterologists, pathologists,
bacteriologists...). In France, it has been estimated that GPs see almost the entire population
of France in their offices at least once a year. Given the prevalence and incidence of Hp,
their role is becoming increasingly important [22]. The present project is therefore related
to a field problem. The GP’s skills in the prevention of gastric cancer and pathologies
of the upper digestive tract are an integral part of the discipline’s professional reference
system [23].

The main objective of this study will be to evaluate, in a real-life situation, the fea-
sibility of a strategy for the management of Hp infection by a non-invasive procedure
in primary care and its non-inferiority in eradication rate compared with the strategy
recommended by the HAS using a combination of serology and endoscopy. The secondary
objectives of this study will be: to evaluate the adherence of patients to the care pathway
(compliance to endoscopy, treatment, stool collection, serology); to evaluate the follow-up
of recommendations in the management of Hp infections by health professionals (GPs and
gastroenterologists) (e.g., empirical/guided treatment, evaluation of pre-neoplastic lesions);
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to validate, in real-life circumstances, real-time PCR in stool in comparison with serology
in primary diagnosis and with urea breath test in eradication control.

2. Methods
2.1. Trial Design and Setting

This study will be a prospective, multicenter, randomized, controlled interventional
study in two arms (Figure 1). Randomization will be carried out through a secure web-
based randomization system and stratified by center (i.e., each investigator). The duration
of the inclusion period will be 12 months. The participation period for each participant will
be 4 months for a total study duration of 16 months (twelve months of inclusion plus four
months of follow-up for the last included patient).
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A computer-generated block-randomization sequence using permuted-block random-
ization of varying block sizes will be performed by the statistician and will be carried
out via Ennov System software. The statistician will not be involved in either screening
the patients or assessing outcomes. The randomization process will be accessible to all
physicians working in the emergency department through user personal identification
logins to access the website (https://chu-poitiers.hugo-online.fr/CSOnline/, accessed
on 27 December 2021). It will become effective following confirmation of inclusion and
exclusion criteria. Thereafter, patients will be assigned to one of the two study groups (in a
1:1 randomization scheme) according to the strategy (described thereafter).

146



J. Clin. Med. 2022, 11, 1151

Intervention group. Patients randomized to the Intervention group (new strategy
arm) will receive a prescription for Hp serology with instructions for the laboratory to
limit the communication of the results to the physician alone and a stool self-sampling
kit (containing instructions, biodegradable basket to be placed on the toilet, e-Nat tube
(Copan, Italia), and stamped envelope for mailing to the laboratory). After centrifugation,
400 µL of the eNAT tube supernatant will be extracted using the NucliSENS easyMAG
system (bioMérieux, Marcy-l’Étoile, France), according to the manufacturer’s instructions,
in 2 mL lysis buffer under the following conditions: the specific B 2.1 protocol with 140 µL
of silica, after adding 1 µL of internal control (Amplidiag Easy Process Control I; Mobidiag,
Hologic inc.), for a final volume of eluate of 70 µL. Nucleic acid will then be amplified
using the Amplidiag H. pylori + ClariR test assay. This test, the only one that will be
considered for this arm, consisting in a multiplex PCR, will obtain three different results
(negative/absence of detection of Helicobacter pylori or detection of Helicobacter pylori or
detection of Helicobacter pylori associated with mutation implicated in clarithromycin-
resistance, i.e., A2142C, A2142G and A2143G). Originally developed for detection in gastric
biopsy this kit may give appropriate results in stool samples [10,24]. According to the
results of their biological assay, patients will be seen by their investigator within six weeks
to either initiate or not initiate eradication therapy, i.e., a positive test will determine
Hp infection and indication for treatment. The absence of detection of a clarithromycin-
resistant strain will allow prescription of a guided treatment combining PPI, amoxicillin,
and clarithromycin for 10 days according to the HAS recommendations. According to
the same recommendations, the detection of a clarithromycin-resistant strain will allow
prescription of a guided treatment combining PPI, amoxicillin, and metronidazole or
quinolone for 10 days. At least 4 weeks after stopping antibiotics (and at least 2 weeks
after stopping PPIs), an eradication control will be carried out using a respiratory test
(urea breath test), concomitant to the collection of a stool sample for retrospective analysis
by real-time PCR. A negative breath test will define the success of the treatment, while a
positive test will define treatment failure. The latter will be managed in the usual manner
by the GPs in charge of the patient. At the end of the follow-up, infected (positive for
serology and/or PCR assays) and treated patients over 45 years of age will be referred to
a gastroenterologist for gastric biopsies for histological analysis of the gastric mucosa for
pre-neoplastic and cancerous lesions.

Control group. Patients randomized to the reference strategy control group (HAS
strategy arm) will receive a prescription for Hp serology and a stool self-sampling kit
(instructions, biodegradable basket to be placed on the toilet seat, E-Nat tube (Copan),
swab, stamped envelope for mailing to the laboratory). Only the serology result will be
considered for this arm (to avoid any deviation from the protocol, results of other tests
will not be communicated before the end of the study). According to the results of their
biological assay, patients will be seen by their investigator within six weeks. A positive
serological test will lead to a gastroscopy with biopsies for histology/pathological and
bacteriological analysis if available. Each person referred will be accompanied by the
“request for gastroscopy in case of positive Hp serology” letter, according to the HAS
model. These anatomopathological and/or bacteriological analyses will determine the
presence of a Hp infection, if bacteria suggestive of Hp are observed in pathological
examination and/or if the conventional and/or molecular biology are positive from gastric
biopsies sent to bacteriology laboratories. An infection will determine the indication for
treatment, either empirically, in the absence of an antibiogram or PCR result (bismuth
or concomitant quadritherapy), or guided by the results of the AST or culture according
to HAS recommendations (pertinence of care sheet). At least 4 weeks after stopping
antibiotics (and at least 2 weeks after stopping PPIs), an eradication control will be carried
out using a respiratory test (urea breath test), concomitant to collection of a stool sample
for retrospective analysis by PCR. A negative breath test will define the success of the
treatment, while a positive test will define treatment failure. The latter will be managed in
the usual manner by the GPs in charge of the patient.
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It should be noted that for ethical and regulatory considerations, it was decided, after
the collection of results (at the end of the study for each patient), to give out the results of
these analyses (urea breath test, serology, PCR before/after treatment) in order to allow the
general practitioner to manage the patient in an appropriate manner.

2.2. Participant Eligibility and Consent

All consecutive patients will be considered candidates for inclusion in the study if
they meet all inclusion criteria and none of the exclusion criteria (Figure 2.). Eligible
patients will receive oral and written information and will be enrolled after giving written
informed consent.
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Inclusion criteria. Inclusion criteria will be: (i) over 18 years of age, (ii) affiliated to
or beneficiary of a social security scheme, (iii) informed consent signed after clear and fair
information about the study, (iv) patient having signed a GPs declaration with the investi-
gating physician, (v) indication for investigation and treatment of Hp infection according
to HAS recommendations (suffering from chronic dyspepsia, iron deficiency anemia with
no known cause or resistant to iron supplementation, vitamin B12 deficiency with no
known cause, family history of gastric cancer, immunologic thrombocytopenic purpura in
adulthood, personal history of peptic ulcers or pre-cancerous lesions that have not been
eradicated, long-term use of NSAIDs or PPI, patient who received Hp eradication therapy
without eradication control, patient with a predisposition syndrome for digestive cancers
(hereditary non-polyposis colorectal carcinoma cancer)), (vi) patient with partial gastrec-
tomy or endoscopic treatment of gastric cancer, (vii) patient with gastric pre-neoplastic
lesions (severe atrophy and/or intestinal metaplasia, dysplasia), and (viii) patient with
previous endoscopy for Hp without antibiotic susceptibility testing (biopsy not referred to
bacteriology) and for whom guided therapy is requested.

Non-inclusion criteria. Patients who will not be included are those who: (i) are legally
protected; (ii) are pregnant or breastfeeding women or women of childbearing age without
effective contraception; (iii) are suspected of or have a documented allergy to amoxicillin;
(iv) have a contraindication to (or initial refusal of) esophageal endoscopy; and (v) have an
indication for upper GI endoscopy in the emergency department according to the criteria
of the European Panel on the Appropriateness of Gastrointestinal Endoscopy (i.e., upper
GI bleeding, acute deglobulation without externalized GI bleeding, caustic ingestion, acute
dysphagia or foreign body ingestion).

2.3. Study Outcomes

Primary endpoint. The primary endpoint will be an assessment of the cure rate
through the results of a urea breath test performed 6 weeks after the end of treatment (proof
of Hp eradication).

Secondary endpoints. The secondary endpoints will be assessment of: (i) the number
of guided treatments (depending on the real-life application of the French authorities
recommendations); (ii) the number of endoscopies (estimating the number of endoscopies
avoided due to the optimized process); (iii) the number of biopsies at endoscopy; (iv) the
number of patients who refused endoscopy after serology or positive PCR or did not
follow-up after referral to the gastroenterologist; (v) the number of treatment side-effects
and treatment dropouts; (vi) the discordance rate between real-time PCR tests in stool and
serology in primary diagnosis; (vii) the discordance rate between real-time PCR tests in
stool/breathing test in eradication control; and (viii) cure rate assessed by the result of a
urea breath test performed 6 weeks after the end of treatment (proof of Hp eradication)
depending on the antibiotic susceptibility testing identified at diagnostic.

2.4. Data Collection

Independent clinical research assistants will be available at each participating hos-
pital to help in running the study and with data collection. Study documents will be
deidentified and stored for 15 years, as per the protocol for non-clinical trial notification
interventional studies. Data will be entered into the web-based eCRF (https://chu-poitiers.
hugo-online.fr/CSOnline/, accessed on 27 December 2021) and electronically stored on
double password-protected computers. Hard copies of data (clinical research files) will be
stored in a secure locked office. All personnel involved in data analysis will be masked to
study groups. Only the principal investigators and the statisticians will have access to the
final data set.

The following data will be recorded:
Baseline characteristics. (i) Demographic data (age, gender, height, weight, and

body mass index); (ii) comorbidities (active smoking, insulin-dependent or non-insulin-
dependent diabetes, hypertension, hypercholesterolemia, chronic renal failure, COPD);
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(iii) history of antimicrobial treatment for eradication of H. pylori; (iv) key laboratory
findings (except for Hp); (v) familial history of cancer; and (vi) symptomatology (including
clinical examination).

Biological data. Results of the following biological assays: (i) Results of the stool PCR
searching for H. pylori (before and after eradication treatment); (ii) serological status of the
patient regarding H. pylori; (iii) histopathological results (for HAS groups); and (iv) results
of the urea breath test.

2.5. Statistical Analysis

Sample size calculation. Assuming 20% prevalence in source population, and based
on a one-sided hypothesis, 100 patients will be included in each strategy arm to demonstrate
a 15% difference between each strategy with statistical risks at 5% (type I error, α) and
15% (type II error, β). We are planning to enroll 1000 patients to consider a maximum
patient loss of 10%. Considering that each investigator involved in the HepyPrim study
follows more than 1200 patients each year, the inclusion objective was set to 50 patients per
investigator and the number of investigators was set to 20. These investigators have been
selected in the newly constituted “physicians’ network for research in New Aquitaine”.

Analysis. The data will be analyzed blindly on an intention-to-treat basis, assuming a
non-inferiority hypothesis. No interim analysis is planned. A per protocol analysis will
be performed as a secondary sensitivity analysis. Quantitative variables will be described
by their mean and standard deviation or median and interquartile range according to the
normality of the distribution. Categorical variables will be described by their number and
percentage. Continuous variables will be compared by a Student’s t-test or Mann–Whitney
U-test according to the normality of the distribution. Categorical variables will be compared
by a chi-square test or Fisher’s exact test. The tests will be analyzed using GraphPad Prism
version 9.0 (GraphPad Software, San Diego, CA, USA). A significant difference will be
retained for a p-value < 0.05. All tests will be two-tailed, stratified by center and for multiple
comparisons if appropriate.

2.6. Ethical Considerations

The clinical trial will be carried out in line with the principles of the Declaration
of Helsinki, the guideline for Good Clinical Practice of the International Conference on
Harmonization, in accordance with the French law No. 2012–300 of 5 March 2012 on
research involving the human person and with the Clinical Trials Directives 2001/20/EC
and 2005/28/EC of the European Parliament. All included patients will have consented
to the protocol after an appropriate information session that includes processes of the
study and the constitution of the biobank. As with all interventional studies in France and
according to French legislation, the final protocol will be validated by a randomly selected
ethical committee (Comité de Protection des Personnes, CPP).

The results of the study will be given to the participating GPs, referring physicians and
medical community no later than 2 years after completion of the trial through presentation
at scientific conferences and publication in peer-reviewed journals. The main manuscript
will mention the name of the sponsor (French Ministry of Health), and all trial sites will
be acknowledged. All investigators having included or followed participants in the study
will appear with their names under ‘the HepyPrim investigators’ in an appendix to the
final manuscript. Authorship will be completed in accordance with the guidelines of the
International Committee of Medical Journal (ICMJ). No professional writer will be used.

3. Discussion

This study may be a major study to demonstrate the benefits of optimizing therapeutic
management of Hp, through GP education and management. The patients included in
the study may benefit from a reliable diagnosis without an invasive examination, use of a
second diagnostic test (limiting the risk of false negative) with consideration of a possible
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positive result by the doctor and the systematic performance of a respiratory test to control
eradication (underused in France despite recommendations).

This study may make it possible to assess the interest of a non-invasive procedure for
the diagnosis of Helicobacter pylori infections that can be carried out in primary care practice
in France, coordinated by general practitioners. This study may make it possible to achieve
better efficiency in recourse to gastroenterologists and endoscopy by limiting it, in the
indication of endoscopies of the upper digestive tract, to complex cases, thereby optimizing
interdisciplinary collaboration. The aim of this study is to promote the appropriation of
“guided” treatments in the care of Hp infection by primary care in future coordinated
multidisciplinary practice, while also promoting the prevention of high-prevalence and
potentially serious pathologies of the upper digestive system.

The main challenge in curing Hp is associated with the management of antimicrobial
resistance, particularly to clarithromycin, a key component of triple therapy and impacted
by increasing resistance (up to two-thirds of bacterial strains isolated) [13,25–27]. This
situation justifies the crucial need for biological tests capable of determining the antimi-
crobial susceptibility profile [21]. To this end, detection by molecular analysis of Hp DNA
on stools is crucial to develop Hp-guided therapeutic strategies. Its non-invasive nature
would allow for easy sample acquisition (with improved compliance), thus optimizing the
time-to-cost importance of the disease. With the exception of recent large studies, most
of the few studies have used small numbers of patients, tests adapted to stool samples
but designed for biopsies (GenoType HelicoDR (Hain Lifescience, Nehren, Germany) or
H. pylori ClariRes (Ingenetix, Vienna, Austria) [28–35]. On the contrary, two recent studies
demonstrated the very high performance of the stool test for the detection of Hp infection
and clarithromycin resistance, in a process that takes little time [10,36].

Moreover, this is the first study to enable the structuring of a research network in
primary care in Poitou-Charentes. This project is the first of this network, which will be
made up of 20 co-investigators, all of whom are GPs. Others were identified during the
recruitment phase carried out as part of a thesis on the practice of general medicine by
two interns in general medicine. This project is therefore founding and structuring for a
primary care research network.

This study may allow evaluation of the performance of PCR in stools in comparison
with the combination of serology/pathology/bacteriology for the initial diagnosis, eval-
uation of the performance of PCR in stools in comparison to the respiratory test for the
control of eradication. Moreover, it may lead to the constitution of a biobank of stools of
infected patients, in view of further study of the development of in vitro diagnosis.
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Abstract: The incidence of nonalcoholic fatty liver disease (NAFLD) is growing worldwide. Epi-
demiological data suggest a strong relationship between NAFLD and T2DM. This is associated
with common risk factors and pathogenesis, where obesity, insulin resistance and dyslipidemia play
pivotal roles. Expanding knowledge on the coexistence of NAFLD and T2DM could not only protect
against liver damage and glucotoxicity, but may also theoretically prevent the subsequent occurrence
of other diseases, such as cancer and cardiovascular disorders, as well as influence morbidity and mor-
tality rates. In everyday clinical practice, underestimation of this problem is still observed. NAFLD
is not looked for in T2DM patients; on the contrary, diagnosis for glucose metabolism disturbances
is usually not performed in patients with NAFLD. However, simple and cost-effective methods
of detection of fatty liver in T2DM patients are still needed, especially in outpatient settings. The
treatment of NAFLD, especially where it coexists with T2DM, consists mainly of lifestyle modification.
It is also suggested that some drugs, including hypoglycemic agents, may be used to treat NAFLD.
Therefore, the aim of this review is to detail current knowledge of NAFLD and T2DM comorbidity, its
prevalence, common pathogenesis, diagnostic procedures, complications and treatment, with special
attention to outpatient clinics.

Keywords: nonalcoholic fatty liver disease; type 2 diabetes mellitus; epidemiology; diagnosis;
treatment; insulin resistance; metabolic syndrome; obesity

1. Introduction

The term nonalcoholic fatty liver disease (NAFLD) appeared more than 40 years ago,
but neither its pathophysiology nor diagnostic criteria were established for many years [1].
In NAFLD, the buildup of excessive fat in the liver is not triggered by significant alcohol
consumption. The American Association for the Study of Liver Diseases (AASLD) Practice
Guidance of 2018 categorizes NAFLD into nonalcoholic fatty liver (NAFL) or nonalcoholic
steatohepatitis (NASH) [2]. NAFL can be diagnosed in cases of at least 5% hepatic steatosis
without appearance of hepatocellular injury, while NASH is defined as at least 5% steatosis
but with inflammation and hepatocyte injury (e.g., ballooning). In both histological types,
fibrosis may or may not be observed [2]. In 2020, the term metabolic-associated fatty
liver disease (MAFLD) was coined, which more appropriately characterizes the nature of
the disorder; in the definition of MAFLD, the excessive consumption of alcohol is not an
excluding criterion [3].

With respect to the causes of excessive accumulation of triglycerides (TG) in the liver,
there are two forms of NAFLD: primary and secondary, which have the same clinical and
histological signs. The latter occurs in patients with metabolic syndrome (MetS), especially
coexisting with type 2 diabetes mellitus (T2DM) [4]. The former is less common and
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should be suspected in patients with hepatic steatosis without conventional risk factors
(Table 1) [5,6].

Table 1. Secondary causes of liver steatosis.

Medications cART in HIV, chemotherapy, amiodarone, methotrexate, tamoxifen, corticosteroids,
tetracyclines, valproic acid, amphetamines, acetylsalicylic acid

Genetic causes

haemochromatosis, alpha-1 antitrypsin deficiency, Wilson’s disease, congenital
lipodystrophy, abetalipoproteinaemia, hypobetalipoproteinaemia, familial
hyperlipidaemia, lysosomal acid lipase deficiency, glycogen storage diseases,
hereditary fructose intolerance, urea cycle disorders, citrin deficiency

Environmental causes lead, arsenic, mercury, cadmium, herbicides, pesticides, polychlorinated biphenyls,
chloroalkenes

Nutritional/gastroenterological causes severe surgical weight loss, starvation, malnutrition, total parenteral nutrition,
microbiome changes, coeliac disease, pancreatectomy, short bowel syndrome

Other causes

Chronic HCV infection, hypothyroidism, polycystic ovary syndrome, hypothalamic or
pituitary dysfunction, growth hormone deficiency, HELLP syndrome, acute fatty liver
of pregnancy,
celiac disease, Wilson’s disease, hepatitis C virus, Amanita phalloides mushrooms,
phosphorous poisoning, petrochemicals, Bacillus cereus toxin

cART—combined antiretroviral therapy; HIV—human immunodeficiency virus; HELLP—hemolysis, elevated
liver enzymes and low platelets.

It has been found that isolated ultrasonography (USS)-diagnosed NAFLD is not
associated with increased mortality. However, in some cases it may progress to fibrosis,
cirrhosis or hepatocellular carcinoma (HCC). It leads to increased liver-related and all-cause
mortality, mainly due to cardiovascular causes, independent of other known factors [7].
Some data suggest that NAFLD is associated with damage to many organs and tissues,
including the cardiovascular system [8].

Some data suggest that NAFLD may predict the development of T2DM in the future,
and vice versa [9,10]. Additionally, the presence of NAFLD in diabetic patients is associated
with poor glycemic control and other serious complications [11]. Similarly, the presence
of T2DM in patients with excessive fatty liver infiltration can contribute to progress of
NAFLD and damage of the organ [12].

To represent knowledge in the area of NAFLD and its association with T2DM, we
searched PubMed papers focusing on common pathogenesis, diagnosis, complications
and treatment. The following keywords were used: T2DM, insulin resistance, NAFLD,
fatty liver, nonalcoholic fatty liver, nonalcoholic steatohepatitis, diagnosis, ultrasonography,
transient elastography, complications, treatment, metformin, thiazolidinediones, GLP-
1 agonists and DPP-4 inhibitors. The main aim of this review is to represent current
knowledge on the coexistence of NAFLD and T2DM, its prevalence, common pathogenesis,
diagnostic procedures and treatment, with special attention to outpatient clinics.

2. Epidemiology

The frequency of NAFLD differs in various parts of the world, but its prevalence
is increasing worldwide [13]. Many studies suggest that its occurrence is determined
by economic, genetic and ethnic risk factors [14]. Realistic assessment of the number of
NAFLD cases is significantly affected by the diagnostic method used [15]. The problem
with epidemiological data highlights the difficulty in distinguishing NAFLD from NASH,
as well as the assessment of secondary causes of hepatic steatosis [16]. The proportion of
patients with NAFLD in the world is 25.24% and is still increasing [17]. A higher prevalence
is mostly observed in developed countries, with diets rich in saturated fats. For example,
in Europe, NAFLD occurs in 23.17% of the population [18].

A meta-analysis published in 2021, comparing 32 studies, showed that the frequency
of hepatic steatosis differs across populations, e.g., 31% in Asia [19]. Furthermore, data col-
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lected from the 2011–2014 National Health and Nutrition Examination Survey (NHANES)
reported 21.9% (95% CI 20.6–23.3) cases of NAFLD among US adults [20].

Although the prevalence of NAFLD differs in various ethnic groups, it is more common
among men and in patients older than 50 years [17]. Additionally, after adjustment for
age, sex and race/ethnicity, it was found that NAFLD occurred significantly more often
in overweight and obese individuals [21]. Similar observations have been found for other
metabolic risk factors. A strong and independent correlation between NAFLD and insulin
resistance (IR), in patients with or without diabetes, has been observed [22]. This problem
also affects elderly patients. Data from the Rotterdam Study showed that NAFLD was
present in 35.1% patients, but its prevalence decreased with advanced age [23].

NAFLD is an independent risk factor for MetS [24]. Furthermore, the criteria for
MetS are similar to the symptoms of NAFLD [25]. Every component of MetS, as well
as their number, increases the risk of NAFLD and its severity [26]. Furthermore, the
great majority of NAFLD cases meet at least one MetS criterion, while 33% meet all five
criteria [27]. Interestingly, in patients with MetS, fatty livers are diagnosed almost 10-fold
more frequently than in patients without this disorder [28,29]. Nevertheless, T2DM is
closely linked with MetS since it is considered to be a metabolic disorder. The key factor in
the pathogenesis of NAFLD, T2DM and MetS is obesity. Although NAFLD can also occur
in lean individuals, it has been found that the degree of steatosis increases with BMI [30].
Moreover, simple fatty liver will develop into NASH in 3% of non-obese patients, but in
20% of obese patients [31]. With respect to obesity and MetS, a European multi-cohort study
of obese people found that MetS occurred in up to 78% of men and 65% of women [32].
Recent studies have suggested that MetS, obesity and T2DM may be associated with colonic
diverticulosis [33,34]. Diverticula are structural changes in the wall of the colon that arise
from a hernia of the colonic mucosa and submucosa as a result of defects in the muscle
layers within the colonic wall [35]. Colonic diverticulosis is closely related to obesity. Excess
visceral fat, which is important not only in obesity but also in NAFLD, T2DM, and MetS, is
a significant risk factor in colonic diverticulosis. The development of the above diseases, as
well as problems with gut microbiota, can contribute to the formation of diverticula [36].
It has been shown that the condition occurs more frequently in more severe cases of fatty
liver. In patients with colonic diverticulosis and liver steatosis, hypertension, T2DM and
hypothyroidism were observed more frequently. Moreover, fatty liver was more common
in the more severe forms of colonic diverticulosis [37].

In some regions (e.g., the Asia-Pacific region), NAFLD is also diagnosed in patients
with lower BMI [38]. In a Korean study of 29,994 adults, NAFLD was found in 12.6%
of non-obese subjects and in 50.1% of obese subjects. Further, in non-obese NAFLD
patients, especially women, significantly higher prevalence rates for other components of
MetS than for obesity were observed [39]. Overall, studies show that NAFLD is found
mostly in obese people, and the onset of hepatic steatosis in a lean person is a risk factor
for expansion of fat mass [17,40]. An Indian study established a clinical association of
NAFLD with dyslipidemia, hypertension and obesity. In this study, the T2DM population
with these comorbidities had 38%, 17% and 14% higher risk for NAFLD, respectively.
It should be emphasized that mean AST (aspartate aminotransferase) and ALT (alanine
aminotransferase) levels in NAFLD patients were highest in those aged 25–40 and lowest
in those aged 71–84 [41].

The prevalence of NAFLD in patients with abnormal glucose metabolism is very high,
independently of diagnostic method. Ortiz-Lopez et al. found that patients with NAFLD
had impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) significantly
more often than those without NAFLD [42]. Two major European studies reported NAFLD
prevalence rates of 42.6–69.5% in large samples of T2DM patients [43]. A long term (5
years) Korean prospective cohort study, performed on 25,232 Korean men without T2DM,
compared the incidence rate of T2DM according to the degree of NAFLD (normal, mild, and
moderate to severe). The incidence of T2DM increased according to the degree of NAFLD
(normal: 7.0%, mild: 9.8%, moderate to severe: 17.8%) [44]. The Ragama Health Study
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also revealed an increased risk of developing T2DM in patients with ultrasound-diagnosed
NAFLD. Of 2984 subjects, 31% had NAFLD and 22.65% diabetes. After three years of
observation, 19.7% patients with NAFLD and 10.5% without NAFLD developed T2DM.
The frequency of diabetes was 64.2 and 34.0 per 1000 person-years for patients with and
without NAFLD, respectively [9]. In a Polish study the frequency of ultrasound features
of NAFLD in patients with newly diagnosed T2DM was 71% in patients with mean age
55.64 ± 13.42 years. Additionally, in patients with NAFLD, mean body weight, waist and
hip circumferences, body mass index (BMI), liver enzyme activity, serum C-reactive protein,
total cholesterol and TG were higher, while HDL-cholesterol was significantly lower. There
were no statistical differences between parameters of glycemic control in groups with and
without NAFLD [45]. On the other hand, Yan Y et al., by means of USS, found a high
fatty liver (56.7%) in T2DM patients (69.6%) [46]. In the Edinburgh Type 2 Diabetes Study
(ET2DS) (939 participants, aged 61–76 years with T2DM) ultrasound signs of fatty liver were
present in 56.9% of participants. After excluding those with a secondary cause for steatosis,
the prevalence of NAFLD in the study was 42.6%. Additionally, independent predictors
of NAFLD were not only high BMI and TG, but also shorter duration of diabetes, HbA1c
and metformin use [47]. In two meta-analyses from 2017 [48] and 2019 [49], 55.5–59.67% of
T2DM cases had NAFLD, while 77.87% were simultaneously obese with fatty livers.

Despite the high prevalence of NAFLD and T2DM coexistence, AASLD guidelines
do not recommend performing screening for NAFLD in diabetic patients. However, they
suggest that screening tests for NAFLD are not cost–effective in relation to the long-term
benefits [2].

3. Common Pathogenesis

The pathogenesis of T2DM and NAFLD is complex and not fully understood, but
the presence of many common elements in the development of both diseases has been
demonstrated. These include: alterations in glucose and lipid metabolism, IR, insulin
secretion, genetic predisposition and environmental influences (such as endocrine disrup-
tors), epigenetic factors and lifestyle changes [50]. Recently conducted studies indicate the
complex interplay between carbohydrate metabolism and NAFLD and vice versa [51]. The
development of NAFLD is strongly associated with hepatic IR. However, whether NAFLD
is a consequence or cause of IR is a matter of debate. A number of studies conducted in
NAFLD patients showed both an impaired ability of insulin to suppress endogenous glu-
cose production (indicating the presence of hepatic IR) and approximately 50% reduction
in glucose disposal (a measure of whole-body insulin-sensitivity) [52]. The associations
between T2DM, NAFLD, IR are shown in Figure 1.
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Chai et al. demonstrated that, in patients with similar levels of IR and hyperglycemia,
NAFLD with T2DM was associated with higher serum insulin levels than T2DM alone. In
these cases, hyperinsulinemia was caused mainly by beta-cell hypersecretion [53]. This
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observation was further confirmed in a study by Finucane et al., where healthy patients
with NAFLD had higher insulin and C-peptide levels after oral glucose loading. However,
in this group of patients, the C-peptide increment and adaptation index were significantly
lower [54]. The association between NAFLD and IR can be explained by the “multiple-hit
hypothesis”. The “first hit” is associated with impaired cellular response to insulin and
compensatory IR. In adipose tissue, this affects hormone-sensitive lipase (HSL) increasing
the risk of lipolysis with consequent release of free fatty acids (FFA) to the liver. Glucose
absorption decreases in the skeletal muscles, while, in hepatocytes, hyperinsulinemia
increases gluconeogenesis, decreases glycogen synthesis, increases uptake of FFA, alters the
transport of TG, such as very low-density lipoproteins (VLDL), and inhibits beta-oxidation.
These alterations in the metabolism of fat are the basis of NAFLD development.

The changes referred to above result from a complex interplay between various factors,
such as hepatic resistance to leptin, or the reduction of adiponectin levels. The “second
hit” is a consequence of oxidative stress in hepatocytes, which is initially compensated
by cellular antioxidant mechanisms. However, overload of the liver with FFA generates
reactive oxygen species (ROS) in the mitochondrial chain, which act on the fatty acids of
the cell membranes, causing lipid peroxidation. ROS induce proinflammatory cytokine
synthesis in Kupffer cells and hepatocytes. This second phase explains the evaluation
necroinflammatory phenomenon, fibrosis and liver cirrhosis. There are many other “hits”
involved in the pathogenesis of NAFLD, including genetic and epigenetic factors, the
intestinal microflora and the cannabinoid system [55]. In the case of hepatic steatosis, T2DM
or dysregulation of fasting glucose is found in 18–33% of NAFLD cases [56]. Moreover,
these patients, as well as those with advanced fibrosis, have a higher IR [57]. Furthermore,
patients with T2DM usually present with dyslipidemia with an elevated plasma TG, small
LDL and decreased HDL cholesterol. IR results in lipolysis and, hence, increased circulating
FFA, which are later taken up and oxidized by the liver, leading to formation of free radicals.
TNF alpha, which is a proinflammatory marker, is also elevated in patients who are insulin
resistant, as opposed to adiponectin, an anti-lipogenic and anti-inflammatory factor, which
is decreased.

The pathogenesis of T2DM or NAFLD is similar to the processes observed in obesity.
In this condition, elevated levels of very low-density lipoproteins (VLDL) can be observed
which act as TG carriers and play a role in hypertriglyceridemia [58]. Moreover, increase
in TG concentration is also caused by enhanced FFA flow to the liver and other tissues,
which may contribute to the development of IR present in NAFLD, T2DM and obesity [59].
Additionally, the accumulation of fat in adipose tissue leads to the development of inflam-
mation by stimulating the production of cytokines, e.g., TNF-α and IL-6, and may result in
hypertension [60].

All the changes referred to above may lead to NAFLD and NASH. TNF alpha increases
mitochondrial generation of ROS and recruits inflammatory cells, which can lead to steato-
hepatitis [61]. Moreover, the presence of the PNPLA3 single nucleotide polymorphism, that
is common in individuals with fatty livers, links hepatic steatosis and diabetes. PNPLA3
encodes adiponutrin, which is associated with TG metabolism in adipocytes. Unfortu-
nately, its function is poorly understood. The occurrence of the I148M (polymorphism in
148 position; isoleucine to methionine) variant increases the risk of T2DM and IR in NAFLD
patients [62,63].

Nevertheless, the border between NAFLD and NASH is very thin. It is difficult
to differentiate simple fatty liver from steatohepatitis without using invasive diagnostic
methods. In a study of T2DM patients, each of the 63 research participants had fatty liver,
but 94.82% of them had NASH, which was confirmed by liver biopsy. This suggests that
steatohepatitis may be associated with the early stages of T2DM development, perhaps due
to the association of NASH with IR [64].

One of the “hits” in the multi-hit hypothesis is the gut microbiota, which play a role
not only in NAFLD, but also in T2DM. The gut microbiota is found to be an important
regulator of the host’s energy metabolism [65,66]. Compounds are transported from
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the intestine to the liver through the portal vein, and the liver transfers antibodies back
through the bile [67]. The permeability and composition of the mucus are dependent
on the intestinal microflora, and its dysfunction results in the production of molecular
patterns associated with pathogens (PAMP). Increased permeability results in enhanced
liver inflammation [68,69]. Any changes that occur in its composition or its functioning may
also affect metabolism in the liver, adipose tissue or muscles. Modulation of the intestinal
microbiome may alleviate metabolic disorders by increasing the availability of fiber to
microorganisms residing in the organism [70,71]. Moreover, less variability in the gut
microflora was observed in NAFLD patients when compared to healthy controls [72,73].

Any disturbances in the gut-liver axis, including dysbiosis and increased gut per-
meability, may have an impact on NAFLD onset. Moreover, the impact of short-chain
fatty acids (SCFAs) and succinate (microbial metabolites) on the microbiome promotes
improvement in obesity-related insulin sensitivity in animals and influences mass control
and glucose and lipid homeostasis in humans [74–76]. SCFAs, butyrate in particular, play a
major role in maintaining the integrity of the intestinal wall, which prevents the migration
of toxic and proinflammatory molecules into the liver [77]. Studies in rodent models of
NAFLD fed a high-fat diet showed that sodium butyrate protected against the onset of fatty
liver and decreased the IR [78,79]. Another well-known microbiome-derived compound
is lipopolysaccharide, which is released in the colon from dead Gram-negative bacteria.
Lipopolysaccharide plays a key role in the progression of metabolic diseases, such as
NAFLD, insulin resistance and T2DM [80].

Obesity-induced IR is important in NAFLD and T2DM, and research findings show
that IR may also be regulated by the gut microflora. The composition of the microbiome of
obese individuals with T2DM is noticeably different from that of healthy people [81]. Men
with MetS and IR, after receiving intestinal microbiota infusions from lean individuals, had
a higher amount of butyrate produced and showed an improvement in insulin sensitiv-
ity [82]. Moreover, in patients with T2DM, a high-fat diet may lead to increased intestinal
permeability and inflammation [83,84].

There is a significant link between NAFLD and cardiovascular disease. Fatty liver is
associated with a high degree of calcification of the coronary arteries, regardless of the pres-
ence of metabolic syndrome, and risk factors for cardiovascular disorders and metabolic
syndrome [85]. NAFLD patients have an increased risk of acute coronary syndrome and
ischemic stroke due to endothelial dysfunction [86]. In the case of hepatic steatosis, an
increase in arterial stiffness, a marker of cardiac hypertrophy and atherosclerotic lesions
is also observed [87]. A meta-analysis involving 37 studies of metabolic syndrome con-
firmed the increased risk of cardiovascular events in this group of patients [88]. Another
meta-analysis of 16 studies showed that a more severe course of NAFLD significantly
increases the frequency of cardiovascular events [89]. Moreover, patients with fatty liver
and coexistent T2DM have an almost four times higher risk of cardiovascular disease [85].

Moreover, recent studies have shown that treatment with direct-acting antivirals on
HCV resulted in a reduction in HOMA-IR, an indicator that measures IR levels, in HCV
patients [90]. Furthermore, the incidence of cardiovascular events was also reduced in both
prediabetic and non-diabetic HCV patients treated with direct acting antivirals [91,92]. This
suggests a link between liver disease and problems with the cardiovascular system.

An increase in fat content, which reduces insulin sensitivity, leads to increased lipolysis
and an increase in FFA levels [93,94]. Moreover, skeletal muscle cells with IR have been
shown to transfer stored glycogen to the de novo lipogenesis pathway in the liver [95,96].
Peripheral IR modifies lipid metabolism, which facilitates the generation of hepatic IR. Both
visceral and peripheral fat content induce IR in hepatocytes [97]. Due to the hypertriglyc-
eridemia present in fatty liver, visceral adipose tissue increases the production of leptin,
which impairs insulin sensitivity, and reduces the level of adiponectin, which stimulates
the action of insulin in peripheral tissues [98]. The decreased level of adiponectin leads to
decreased antioxidant effects and the formation of hepatic fibrosis [99,100]. Recent studies
showed an association between NAFLD and the incidence of fatty pancreas, also called
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nonalcoholic fatty pancreatic disease (NAFPD). NAFPD occurs in approximately 16% of
the general adult population [101]. It is characterized by excessive accumulation of lipids in
the pancreas [101,102]. Accumulated fat, and thus the presence of 12/15-lipoxygenase, lead
to inflammation in pancreatic islet cells. Moreover, the accumulated fat may interfere with
exocrine pancreatic function, which may lead to the development of pancreatic cancer [101].
There is also evidence of an association between fatty pancreatic and hepatic steatosis, and
it can be argued that the presence of both conditions worsens the condition of NAFLD
patients [103]. It has been shown that MetS risk factors are correlated with the risk of
pancreatic steatosis, which may be a significant manifestation of MetS [104].

NAFPD is closely related, not only to MetS, but also to obesity, which is a risk factor
for fatty pancreas. As for liver steatosis, there is also no approved treatment for pan-
creatic steatosis, but weight loss and bariatric surgery reduce the amount of fat in the
pancreas [103]. Pancreatic steatosis occurs in approximately half of NAFLD patients, as
confirmed by ultrasound, proton magnetic resonance spectroscopy and histopathological
findings [105–107]. Human studies suggest that NAFPD also has an influence on the
development of T2DM and prediabetic state [103]. Accumulated excess fat leads to loss of
β-cell function, which may lead to diabetes [108]. In addition, NAFLD and NAFPD affect
glucose metabolism and the function of β cells [102]. Prediabetic patients had a higher
pancreatic fat content, but the relationship between insulin secretion and pancreatic fatty
tissue has not been confirmed. However, there is evidence of the importance of IR in fatty
pancreas [108]. Although a link with impaired sugar metabolism can be confirmed, the role
of pancreatic fatty in the development of diabetes requires further clarification.

Mitochondria, responsible for beta-oxidation, are very important for metabolic dis-
orders, NAFLD, and T2DM [109]. Mitochondrial dysfunction, and thus impaired fatty
acid oxidation processes, leads to an increase in ROS levels and, consequently, to elevated
oxidative stress [110]. ROS stimulate the activity of signaling pathways capable of in-
ducing necroinflammation in liver cells. Impaired lipid beta-oxidation also leads to the
accumulation of lipotoxic intermediates, which further increase inflammation and alter
insulin signaling [111]. Insulin is important to mitochondria, due to their maintaining
an appropriate NAD+/NADH ratio, while free radicals from mitochondria alter insulin
sensitivity, disrupt insulin signaling and result in IR [112]. Molecules affecting the proper
functioning of mitochondria include Slc25a1, associated with the metabolic processes of
FFA and glycolytic pathways. Inhibition of Slc25a1 protects against NASH and reduces
steatosis and steatohepatitis [113]. Another example is carnitine, which transports fatty
acids into the mitochondrial matrix. It inhibits oxidative stress, enhances β-oxidation, and
reduces IR. Carnitine supplementation improves both HOMA-IR and AST, ALT, and TG
parameters in NAFLD patients [114].

4. Diagnosis

NAFLD is a common, often asymptomatic, liver disease. Therefore, its diagnosis
requires the exclusion of other causes of steatosis, such as alcohol consumption [17]. Patients
with NAFLD may report fatigue, daytime sleepiness, right upper quadrant abdominal pain
or discomfort. On physical examination hepatomegaly and other signs of liver insufficiency
are often present. In some cases, there are extrahepatic symptoms, such as joint and muscle
pains [115].

Until now, steatosis required to be diagnosed by liver biopsy, which was considered
the gold standard. Due to the fact that biopsy is an invasive method, transient elastography
(TE), also known as FibroScan, is preferable. Unfortunately, biopsy is still considered the
most accurate way to identify the stages of steatosis and fibrosis, despite the invasiveness of
this method [116]. The most common method for identifying NAFLD is USS, because it is
more widely available and cheaper than the other techniques. The USS diagnostic method
has a sensitivity of 60–94% and a specificity of 66–95% [117]. However, this method does
not reliably detect steatosis when it is below 20% in individuals with high BMI > 40 kg/m2

and is operator dependent [118].
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CT (computer tomography) is non-invasive, widely available and easy to perform, but
it also has some disadvantages, including a potential ionizing radiation hazard and limited
accuracy in diagnosing mild hepatic steatosis [119].

Magnetic resonance imaging has numerous advantages, including being unaffected by
obesity, simple steatosis, inflammation or the presence of ascites. On the other hand, these
imaging methods are limited by high cost and low accessibility. They are also dependent on
patient factors, such as inability to perform breath-hold, and signal degradation in patients
with severe iron overload [120]. Nevertheless, some studies have shown, that MRI-PDFF
(magnetic resonance imaging–proton density fat fraction) can be as effective as liver biopsy
in steatosis diagnostics [121,122]. Apart from this, a quantitative estimation of liver fat can
only be obtained by magnetic resonance spectroscopy (MRS). Therefore, this technique is
of value in clinical trials and experimental studies, but is expensive and not recommended
for everyday clinical practice [123].

Another imaging technique, the controlled attenuation parameter (CAP) using TE,
can diagnose steatosis and fibrosis, but has limited ability to discriminate histological
grades [124]. CAP has shown excellent diagnostic accuracy for detecting hepatic steatosis,
in comparison to liver biopsy [125–128] and MRI-PDFF [129,130], even in morbidly obese
individuals [131].

Liver enzyme activity (ALT, AST, GGT), total bilirubin, lipids fractions, apolipoprotein
A1 (ApoA1), α-2-macroglobulin (α2M), haptoglobin (Hp), fasting blood glucose, and
fasting insulin are used to generate liver steatosis scores (Table 2.). The best-validated
scores are the fatty liver index (FLI), the SteatoTest and the NAFLD liver fat score [132,133].
They predict metabolic, hepatic and cardiovascular outcomes/mortality. These scores are
associated with IR and reliably predict the presence, but not the severity, of steatosis [120].

Table 2. Non-invasive scoring system to diagnose NAFLD progression.

Index Factors

AST/ALT ratio AST, ALT

APRI (AST to platelet ratio index) AST, upper normal limit for ALT, PLT

FibroTest Age, gender, total bilirubin, haptoglobin, GGT,
α2-macroglobulin, apolipoprotein-A

FibroMax
Age, gender, total bilirubin, haptoglobin, GGT,
α2-macroglobulin, apolipoprotein-A, ALT, AST,

TCH, TG, fasting glucose, weight, height

FibroMeter HA, PLT, prothrombin index,
α2-macroglobulin

BARD BMI, AST/ALT ratio, diabetes mellitus

NFS (NAFLD fibrosis score) Age, hyperglycemia, BMI, PLT, albumin,
AST/ALT ratio

FIB-4 (fibrosis 4 index) Age, AST, ALT, PLT

HepatoScore Age, gender, bilirubin, GGT, HA,
α2-macroglobulin

OELF (Original European Liver Fibrosis panel) Age, TIMP 1, HA, P3NP

ELF (European Liver Fibrosis panel) HA, P3NP, TIMP-1

NIKEI (Noninvasive Koeln–Essen-index) Age, AST, AST/ALT ratio, total bilirubin
ALT–alanine aminotransferase; AST–aspartate aminotransferase; BMI–body mass index; GGT–gamma-
glutamyltransferase; HA–hyaluronic acid P3NP–amino-terminal propeptide of type III procolagen; PLT–platelet
count; TCH–total cholesterol; TG–trigycerides; TIMP-1–tissue inhibitor of metalloproteinase 1.

Attenuation coefficient (AC) measurements using ultrasound waves have shown the
ability to differentiate the severity of hepatic steatosis [134]. Furthermore, AC measure-
ments have been found to be as effective as MRI-PDFF, even in obese people. However,
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the accuracy of the AC is limited by the occurrence of fibrosis and inflammation [135]. A
similar technique is use of the backscatter coefficient (BSC), which has shown similar effects
to those of AC [136].

For every NAFLD patient, surrogate markers of fibrosis (NFS, FIB-4, ELF or FibroTest)
should be calculated. If significant fibrosis cannot be ruled out, patients should be referred
to a liver clinic for further diagnostic procedures, e.g., TE, or, less frequently, magnetic
resonance elastography (MRE), acoustic resonance force impulse (AFRI), or supersonic
shearwave imaging (SSI) [120].

The final diagnosis should be made by liver biopsy. Liver biopsy is the only procedure
that reliably differentiates NAFLD from NASH. Liver biopsy is an expensive and invasive
procedure and may cause numerous complications, such as pain, bleeding, infection and, in
some rare cases, increases mortality risk [132]. Additionally, its interpretation is influenced
by the subjective judgment of the pathologist. It explores only a small portion of the liver
parenchyma, which is not always representative of the entire parenchyma [137].

The prevalence of NAFLD is higher in both T2DM and prediabetes patients. In both
conditions, the severity of NAFLD, progression to NASH, advanced fibrosis, and the
development of HCC, can be observed independently of the level of liver enzymes [9,10].
According to recommendations for patients with T2DM, routine screening for NAFLD is
not advised at this time because of uncertainties surrounding diagnostic tests and treatment
options, along with lack of knowledge related to the long-term benefit and cost-effectiveness
of screening [2].

Conversely, USS-defined NAFLD is associated with a 2–5-fold risk of developing
T2DM, after adjustment for several lifestyle and metabolic confounders [8]. In persons
with NAFLD, screening for diabetes is mandatory, by fasting or random venous glucose
concentration, HbA1c concentration, or standardized 75 g oral glucose tolerance test
(OGTT) [138].

A diagram demonstrating non-invasive diagnostics methods of NAFLD is presented
below (Figure 2).
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Figure 2. Diagram demonstrating the diagnosis methods of NAFLD in order of accuracy. Accuracy is
presented as AUC (area under the receiver-operating characteristics curve) value. The figure does not
include liver biopsy, which remains the gold standard procedure for the diagnosis of nonalcoholic
steatohepatitis (NASH) and staging of nonalcoholic fatty liver disease (NAFLD) [139].
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5. Complications

It seems that NAFLD is underdiagnosed in daily medical practice, even in patients
with T2DM, even though coexistence of these pathologies increases the risk for patients. In
subjects with NAFLD, T2DM appears to be a significant risk factor for advanced fibrosis.
Additionally, not only T2DM, but also prediabetes are independently associated with
portal inflammation, fibrosis, NASH and more severe histological findings in NAFLD
patients [140].

Stepanova et al. found that patients with NAFLD and T2DM are at the highest risk for
overall and liver-related mortality [141]. Of concern, T2DM is associated with a two-fold
risk of chronic liver disease secondary to NAFLD, cirrhosis and HCC [17]. Moreover,
family history of diabetes, especially among nondiabetics, is associated with NASH and
fibrosis in NAFLD patients [142]. Furthermore, a diagnosis of NAFLD in patients with
established T2DM is strongly associated with poor glycemic control, proliferative retinopa-
thy, increased prevalence of cardiac/kidney disease and a 2.2-fold increase in all-cause
mortality compared to subjects without NAFLD [8]. Hyperinsulinemia and hyperglycemia,
and especially glycemic variability, are important predictive factors for the progression of
hepatic fibrosis in NAFLD [143]. Lv et al. found that NAFLD was positively correlated
with BMI, waist circumference (WC), TG, fasting blood glucose, diastolic blood pressure,
and systolic blood pressure, but negatively correlated with the duration of diabetes, dia-
betic nephropathy, diabetic peripheral neuropathy and diabetic retinopathy and level of
HDL-cholesterol [144].

The presence of NAFLD in T2DM patients may also increase the risk of cardiovascular
disease (CVD) independently of MetS. Turkish researchers compared the CVD risk in T2DM
and non-diabetic participants to evaluate the association between NASH and CVD risk.
In this study 55 T2DM (study group) and 44 non-diabetic patients (control group) were
included. Patients were also differentiated by the degree of hepatosteatosis. Hepatosteatosis
rates were found to be similar in both diabetic and non-diabetic patients. Mean carotid
intima–media thickness as cardiovascular risk assessment was found to be similar in
both hepatosteatosis groups but substantially higher in diabetic patients, regardless of the
degree of hepatosteatosis. Mean FPG and HbA1c were found to be higher in the grade ≥ 2
hepatosteatosis group [145].

A Polish study examined cardiovascular risk factors associated with NAFLD and the
association between this pathology and macroangiopathy in T2DM patients. A total of 101
patients with T2DM were included in the study. Patients with NAFLD were significantly
older but, surprisingly, the duration of diabetes was shorter. Patients with NAFLD had a
statistically higher prevalence of coronary angioplasty, but there was no difference in the
incidence of coronary heart disease and by-pass surgery. Significantly higher values of
cardiovascular risk markers, such as HDL-cholesterol, ALT, and lower concentrations of
creatinine were also found in this group of patients. Logistic regression analysis demon-
strated that NAFLD was positively correlated with WC above normal and ALT activity
but was negatively correlated with creatinine concentration. Further analysis showed that
WC and total cholesterol were positive predictors of NAFLD and HDL-cholesterol was a
negative prognostic parameter [146].

Targher et al. determined the prevalence of CVD and its risk factors between people
diagnosed with T2DM with and without NAFLD. A total of 2839 patients with T2DM were
screened. NAFLD was diagnosed by USS after exclusion of secondary causes of hepatic
steatosis. To determine the risk of CVD, patients’ history, electrocardiogram, echo-Doppler
scanning of lower limb and carotid arteries were used. Nearly 70% of patients had NAFLD,
and this pathology was the most common liver disease. Its incidence increased with age.
It was found that NAFLD patients had a higher prevalence of coronary, cerebrovascular
and peripheral vascular disease than their counterparts without NAFLD, after adjustment
for age and sex. Additionally, statistical analysis showed that NAFLD was associated
with incidence of CVD independently of classical risk factors (e.g., age, sex, smoking, BMI,
duration of diabetes, HbA1c, LDL-cholesterol), and actual use of medications, such as,
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antihypertensive, lipid-lowering, hypoglycemic or antiplatelet drugs [147]. Idilman et al.
used coronary computed tomography angiography (CTA) to diagnose coronary artery
disease (CAD) in T2DM patients. They also found that tomography-diagnosed NAFLD was
associated with significant CAD, even after adjusting for age, gender, obesity, hypertension,
smoking status and serum LDL-levels [148].

Bonapace et al. evaluated 50 patients with T2DM (32 patients with NAFLD and 18
without USS signs of fatty liver). Neither ischemic nor valvular heart disease was previously
recognized in these patients, who underwent detailed examination by Doppler echocar-
diography, 24-h Holter monitoring and bicycle ergometry. They showed that presence of
NAFLD may impair active and passive left ventricular diastolic function. Additionally,
early LV diastolic function impairment in this subgroup of patients was independent of dia-
betes duration, HbA1c and other cardiometabolic risk factors (including age and sex) [149].
The same main authors, with colleagues, found a positive and independent association
between NAFLD and aortic valve sclerosis (AVS) in patients with T2DM [150].

Targher et al. observed 400 patients with T2DM with no history of atrial fibrillation
(AF) prospectively for 10 years. A total of 70.2% of these patients had ultrasounds signs
of NAFLD. Each year, for every patient, standard 12-lead electrocardiogram (ECG) was
performed. During this time, they found 42 incidents of AF. It is important to highlight that
90% of the patients had NAFLD at baseline. Additionally, patients with NAFLD had higher
systolic and diastolic blood pressures and pulse pressure. The incidence of AF substantially
increased after six years of observation. Statistical analysis revealed that, after adjustment
for sex, age, hypertension and ECG changes (PR interval and left ventricular hypertrophy),
NAFLD was associated with higher incidence of AF interval [151].

NAFLD not accompanied by IR is not associated with carotid atherosclerosis burden.
However, having both NAFLD and IR seems to be an independent predictor of increased
C-IMT (carotid intima-media thickness test) [152]. Moreover, the presence of NAFLD in
patients admitted for acute ischemic stroke does not appear to be associated with more
severe stroke or with worse in-hospital outcomes [153].

In T2DM patients aged 60–74 years both sex (with and without secondary causes of
hepatic steatosis), the presence of USS signs of hepatic steatosis was not associated with
reduction in renal function based on glomerular filtration rate and albuminuria during a 4-
year follow-up [154]. Kim et al. found that NAFLD is inversely associated with prevalence
of diabetic retinopathy and nephropathy in Korean patients with T2DM [155].

T2DM that coexists with NAFLD elevates the risk of cirrhosis and HCC. These patients
have dyslipidemia, as well as higher hepatic steatosis and inflammation. Moreover, they
demonstrate increased blood pressure, LDL and TG, while their HDL level is lower. Thus,
T2DM patients with NAFLD have more severe dyslipidemia, hyperinsulinemia and hepatic
IR than those without fatty livers [156].

It seems that a diagnosis of NAFLD is associated with a low risk of complications.
The risk of complications, mainly cardiovascular, dramatically increases when NAFLD is
accompanied by T2DM.

6. NAFLD Pharmacotherapy with Hypoglycemic Agents

According to the recommendations of the AASLD, the management of patients with
NAFLD requires not only treatment of liver disease, but also of comorbidities, such as
obesity, IR, lipid disorders and T2DM. Although, NAFLD has been researched for decades,
there is no approved pharmacological treatment for the disease. Due to this, proper diet
and increased physical activity are recommended.

The basic form of treatment for patients with NAFLD and T2DM is lifestyle mod-
ification. A sedentary lifestyle is observed not only in patients with hepatic steatosis,
but also in those with metabolic syndrome and T2DM [157]. Al-Jiffri et al. found that
an approximate 15% reduction in BMI (aerobic exercise training and diet) is effective in
improving liver condition and insulin resistance in T2DM patients with NAFLD (i.e., re-
duction in ALP, ALT, AST, GGT and HOMA-IR) [158]. In NAFLD patients, aerobic exercise
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improved markers of hepatocyte function and insulin sensitivity regardless of any change
in body weight [159]. Generally, people with a healthy lifestyle are less prone to develop
IR, impaired glucose tolerance and diabetes [160,161]. According to the AASLD guidance
document, exercise can prevent or improve hepatic steatosis in NAFLD, and reduce the
likelihood of NASH. Furthermore, vigorous activity has more benefits for NASH patients
than moderate activity [2].

A special diet is an important part of treatment of NAFLD and T2DM. Bozzetto et al.
suggest that an isocaloric diet enriched in monounsaturated fatty acids (MUFA) compared
with a diet higher in carbohydrate and fiber was associated with a clinically significantly
lower hepatic fat content in T2DM patients independently of pursuit of an aerobic training
program. They suggest that this diet should be considered for nutritional management of
hepatic steatosis in people with T2DM [162].

Time-restricted feeding (TRF) is a dietary approach in which access to food is available
for 8 h and unavailable for 16 h per day. TRF significantly reduced weight in NAFLD
patients [163] and the severity of hepatic steatosis and hyperinsulinemia in mice [164].
Unfortunately, nonpharmacological management of NAFLD and effective weight loss pose
some problems, since Stewart K et al. demonstrated that only 10.4% of overweight/obese
individuals with NAFLD changed their habits [165].

Clinical trials examining the pharmacotherapy of NAFLD have focused mainly on
insulin sensitizers, however, the data is scarce, as the number of studies evaluating the
efficacy of glucose lowering agents in patients with NAFLD is small [166].

6.1. Metformin

Data from clinical trials which assessed the usefulness of metformin in the treatment
of NAFLD are not consistent. In some cases, metformin in T2DM patients reduced transam-
inase levels and histological damage [167]. According to the majority of studies, metformin
leads to a significant loss in IR and weight reduction in patients with NAFLD [168]. In
contrast, Haukeland et al., in a small randomized trial (n = 48), reported that metformin
compared with placebo over six months of treatment did not improve liver histology in
patients with NAFLD [169]. In animal models with hyperphagic OLETF, aerobic exercise
training of rats was more effective than metformin administration in the management of
T2DM and NAFLD outcomes. Combining therapies offered little additional benefit beyond
exercise alone, and findings suggest that metformin potentially impairs exercise-induced
hepatic mitochondrial adaptation [170].

6.2. Thiazolidinediones (TZDs)

TZDs are the most potent evidence-based drugs against NASH [171]. In a rat model,
pioglitazone and rosiglitazone prevented activation of hepatic stellate cells in vitro and
improved hepatic steatosis and fibrosis [172]. Shadid et al. showed, that pioglitazone
improved liver function in obese volunteers with NAFLD [173]. In a Polish study, NAFLD
treatment with rosiglitazone was associated with significant improvement in liver enzyme
activity and insulin sensitivity. It should be underlined that this therapy was very safe and
well tolerated by patients, without adverse effect on lipid metabolism [174]. A systematic
review of the value of insulin sensitizers in patients with NAFLD showed that pioglitazone
improves all parameters of liver histology [168]. However, after the discontinuation of
treatment, transaminase levels may return to baseline values [175]. A meta-analysis evalu-
ating the effects of pioglitazone treatment for patients with NAFLD combined with T2DM
demonstrated significant improvement in steatosis, ballooning and inflammation but had
no effect on fibrosis [176].

The efficacy of rosiglitazone on NAFLD was observed in a FLIRT study, which re-
vealed a significant antiestrogenic effect in the first year of therapy, although there was no
additional benefit with longer-term treatment [177]. In a study [178], 64 patients with both
NAFLD and impaired glucose metabolism (impaired glucose tolerance or T2DM) were
treated with metformin 1700 mg/day, rosiglitazone 4 mg/day or combined therapy for
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12 months. After that time, BMI decreased for patients given metformin and a combination
of drugs (p = 0.002, p = 0.006, respectively). Moreover, postprandial glucose was reduced in
all three groups, and liver biopsy showed improved NAFLD activity scores after treatment
with rosiglitazone (p = 0.01) and combined therapy (p = 0.03).

The second-generation insulin sensitizer, MSDC-0602K has been shown to reduce
ballooning and inflammation with no fibrosis progression after 12-months of treatment.
Moreover, treatment with MSDC-0602K did not show the side effects observed with first-
generation insulin sensitizers [179].

6.3. GLP-1 Agonists and DPP-4 Inhibitors

Incretin-mimetics, such as exenatide and liraglutide, have generated great interest
because of their potential to reduce hepatic steatosis in patients with NAFLD. The impact
of exenatide and liraglutide therapy during six months treatment of obese, T2DM patients
with hepatic steatosis on intrahepatic lipid (IHL) was explored by Cuthbertson et al. [180].
They determined the relationship between changes in IHL with HbA1c, body weight,
volume of abdominal visceral and subcutaneous adipose tissue (VAT and SAT). IHL was
measured by liver proton MRS (1H MRS), while VAT and SAT were measured by whole
body MRI. Patients were previously treated for at least three months with maximal tolerated
doses of metformin, with either sulfonylureas (SU) or DPP-IV inhibitors. After conversion
to GLP-1 agonists (exenatide, n = 19; liraglutide, n = 6), the following were observed:
weight reduction (5.0 kg), 1.6% decrease in HbA1c, decrease in mean value of ALT activity
(from 40 to 31 U/L) and GGT (from 69 to 43 U/L), 42% relative decrease in IHL and 7–11%
in abdominal SAT or VAT. It should be emphasized that most of the patients had normal
values of liver enzymes which significantly correlated with IHL. Compared with metformin,
exenatide was not only found to better control blood glucose and body weight, but also to
improve hepatic enzymes, attenuating hepatic steatosis in patients with T2DM concomitant
with NAFLD [181].

Exenatide has a better hepatic-protective effect than intensive insulin therapy and,
perhaps, represents a unique option for adjunctive therapy for patients with obesity, NAFLD
with elevated liver enzymes and T2DM [182].

The LEAD-2 (Liraglutide Effect and Action in Diabetes) study examined the effect of
liraglutide used for 24 weeks on liver function. In this placebo-controlled study, the effect of
the drug was assessed by means of CT. It was found that 50.8% of patients with T2DM had
an abnormal ALT at baseline. Application of 1.8 mg of liraglutide significantly decreased
ALT activity and hepatic fat level compared to placebo, the effect being dose-dependent.
Unfortunately, this effect was not observed after taking into account reduction in weight
and HbA1c. In the liraglutide group, patients with and without baseline abnormal ALT
did not differ in frequency of adverse effect. However, patients treated with liraglutide
showed an improvement in hepatic steatosis—this trend also disappeared after adjusting
for weight and HbA1c [183]

Sitagliptin used in T2DM coexisting with NAFLD was found to be safe and showed a
similar antidiabetic effect as reported in patients with T2DM without NAFLD. It seems that
tight glycemic control may contribute to the improvement of NAFLD. This observation
was based on the correlation between changes in HbA1c and transaminases levels [184].
On the other hand, another study found no difference between various doses of sitagliptin
(50–100 mg) on AST and ALT levels in comparison to physical activity and diet, although
sitagliptin did decrease HbA1c after 1 year of treatment [185].

In a retrospective study of 82 patients with NAFLD and T2DM, Japanese researchers
compared the efficacy of liraglutide, sitagliptin and pioglitazone. In all treatment groups
they found significant improvements, not only in HbA1c level, but also in fasting blood
glucose and ALT. Groups treated with liraglutide or pioglitazone had significantly lower
AST to platelet ratios. Body weight was significantly lower in the liraglutide group (81.8 kg
to 78.0 kg) and statistically higher in the pioglitazone group. This parameter did not change
in the sitagliptin group. Multivariate regression analysis suggested that administration of
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liraglutide is an independent factor affecting body weight reduction of more than 5% [186].
In accordance with ADA or EASD statements, pioglitazone seems to be the preferred drug
for patients with NAFLD and T2DM. Unfortunately, pioglitazone is not recommended by
these institutions in cases of active liver disease and where liver enzymes are 2.5 times
higher than the upper limit. It is emphasized that the use of PSU is rarely associated
with an increase in liver enzymes, and their increase is not a contraindication to TZDs.
The same prescribing guidelines are pertinent to meglitinides. In cases of severe liver
damage, secretagogues should not be used because of the increased risk of hypoglycemia.
Incretin-based drugs can be used safely in patients with NAFLD. EASD and ADA have
emphasized that the limitations, particularly in patients with a history of pancreatitis,
should be remembered. Fatty liver does not constitute a contraindication for insulin
therapy, and for some patients with T2DM and NAFLD is the only therapeutic option [187].

6.4. Others

Lipid lowering medications (e.g., statins, fibrates, proprotein convertase subtilisin/kexin
type 9), antioxidants (e.g., vitamin E, pentoxifylline and alpha lipoid acid), coleseve-
lam, drugs that induce weight loss (e.g., orlistat and sibutramine), deferoxamina (an
iron-chelating agent), antibiotics, probiotics, rimonabant, telimisartan, melatonin, betaina,
aramchol, ursodeoxycholic acid, adenosine receptor agonists, nitro-aspirin, and omega-3
supplements, have all been considered in the treatment of NAFLD [137,174,188].

Bariatric surgery is an effective treatment for obesity and has been shown to markedly
improve and even cure diabetes [89,90,189]. It also leads to improvement in histological
features, ALT, AST and GGT levels, as well as lipid metabolism and inflammation [190–192].
The exact mechanisms that lead to improvement in NAFLD following bariatric surgery are
not completely understood [193].

7. Summary

Coexistence of NAFLD and T2DM is common in everyday outpatient practice. NAFLD
carries a low risk of complications, but the coexistence of NAFLD and T2DM significantly
worsens prognosis. In persons with NAFLD, screening for diabetes is obligatory; on the
other hand, in patients with diabetes, screening for NAFLD is not currently recommended.
In treatment of NAFLD patients with diabetes, some hyperglycemic agents are useful, but
lifestyle modification has the highest effectiveness. Further studies are needed because
there is still a lack of adequate evidence-based methods for NAFLD screening. Assessment
of the impact of newer anti-diabetic treatments, and identification of additional novel
targets to treat NAFLD in diabetes patients, are also needed.
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Abstract: Although the Mitogen-activated protein kinase (MAPK) pathway is enriched in cholan-
giocarcinoma (CCA), treatment with the multityrosine kinase-inhibitor Sorafenib is disappointing.
While cancer-associated fibroblasts (CAF) are known to contribute to treatment resistance in CCA,
knowledge is lacking for Schwann cells (SC). We investigated the impact of stromal cells on CCA
cells and whether this is affected by Sorafenib. Immunohistochemistry revealed elevated expression
of CAF and SC markers significantly correlating with reduced tumor-free survival. In co-culture with
CAF, CCA cells mostly migrated, which could be diminished by Sorafenib, while in SC co-cultures, SC
predominantly migrated towards CCA cells, unaffected by Sorafenib. Moreover, increased secretion
of pro-inflammatory cytokines MCP-1, CXCL-1, IL-6 and IL-8 was determined in CAF mono- and
co-cultures, which could be reduced by Sorafenib. Corresponding to migration results, an increased
expression of phospho-AKT was measured in CAF co-cultured HuCCT-1 cells, although was unaf-
fected by Sorafenib. Intriguingly, CAF co-cultured TFK-1 cells showed increased activation of STAT3,
JNK, ERK and AKT pathways, which was partly reduced by Sorafenib. This study indicates that CAF
and SC differentially impact CCA cells and Sorafenib partially reverts these stroma-mediated effects.
These findings contribute to a better understanding of the paracrine interplay of CAF and SC with
CCA cells.

Keywords: cholangiocellular carcinoma; cancer-associated fibroblasts; Schwann cells; tumor stroma;
CCA; Sorafenib

1. Introduction

Cholangiocarcinoma (CCA) is the most common malignancy of the biliary tract and
the second most common primary hepatic malignancy [1]. Its incidence in Western coun-
tries is increasing [2], which particularly applies to intrahepatic CCA [3]. Treatment options
for CCA are limited. Until now, the only curative therapy is resection of the primary tumor.

J. Clin. Med. 2022, 11, 2785. https://doi.org/10.3390/jcm11102785 https://www.mdpi.com/journal/jcm
178



J. Clin. Med. 2022, 11, 2785

Cisplatin and Gemcitabine are used as standard practice chemotherapeutics [4], though
due to a lack of qualified data, a lively debate on well-established and broadly accepted
therapeutic regime is ongoing [5]. Furthermore, CCA patients may benefit from concomi-
tant radiotherapy, and also liver transplantation can be an option in selected cases [5].
Other current treatment regimens for CCA patients imply transarterial chemoembolization
(TACE), intra-arterial chemotherapy and radiofrequency ablation (RFA) approaches [1,5].

Whereas targeted therapies have become effective therapeutic options in different tu-
mor entities, biological treatments for CCA are still scarce [6]. Genetic and microarray data
analysis revealed that genes of the Mitogen-activated protein kinase (MAPK) pathway are
enriched in CCA as similarly seen in hepatocellular carcinoma (HCC) [7] and the Mitogen-
Activated Protein Kinase (MAPK) pathway was demonstrated to be activated in CCA tissue
compared to non-tumorous tissue [8]. Since, in advanced HCC, the multityrosine kinase
inhibitor Sorafenib was the first drug to significantly improve overall survival [9], Sorafenib
was proposed to be advantageous in CCA treatment too [7]. In vitro studies with Sorafenib
treatment revealed contrasting results [10,11]: Huether et al. were able to demonstrate
the inhibition of cell growth in CCA cell lines by showing that a combined treatment of
Sorafenib with Doxorubicin or insulin-like growth factor-1 receptor (IGF-1R)-inhibition
resulted in additive antiproliferative effects. However, co-application of Sorafenib and the
antimetabolites 5-Fluoruracil (5-FU) or Gemcitabine diminished the antineoplastic effects
of cytostatic drugs [10]. Overall, these data indicate that Sorafenib may exert its effects in a
context-dependent manner.

As in other solid tumors, CCA cells are embedded in a tumor microenvironment con-
sisting of extracellular matrix (ECM) and a variety of inflammatory stromal cells. Thus, tu-
mor and stromal cells reciprocally interact and impact each other, thereby essentially driving
malignant progression and also affecting therapy responses [12]. Interestingly, apart from
the MAPK pathway, the above-mentioned genetic analysis also revealed genes encoding
for ECM proteins to be significantly enriched [7]. In the tumor stroma, myofibroblasts, also
termed cancer-associated fibroblasts (CAF), are of particular interest [13] because they often
represent one major stroma cell population. CAF are characterized—amongst others—by
high expression of α-smooth muscle actin (α-SMA) and fibroblast specific protein-1 (FSP-1)
and produce a plethora of inflammatory mediators, growth factors and ECM molecules
by which they promote malignant progression of different tumor entities [14,15]. Even
though a high abundance of CAF was correlated with poor survival of CCA patients [16]
and CAF are known to contribute to treatment resistance in CCA [13], detailed analyses on
the impact of CAF on CCA cells are still missing.

Apart from CAF, Schwann cells (SC) are also an important part of the tumor mi-
croenvironment of CCA, though their contribution to tumor progression is not yet fully
understood [17]. SC represent a major component of the peripheral nervous system in their
function in myelination, axonal maintenance and repair [17]. SC are commonly detected
in tumor tissues by staining of the protein S100, which is a calcium binding protein [18].
Several studies indicate that nerves have a stimulatory role in cancer progression [19–21],
e.g., in promoting tumor cell (perineural) invasion [21].

Since knowledge on the role of CAF and SC in CCA progression is still very poor,
the present study aimed to better understand the impact of either stromal cell population
on CCA migratory abilities and to analyze whether treatment with Sorafenib might be
effective in inhibiting CCA migration.

2. Results
2.1. High Abundance of CAF and SC Is Associated with Reduced Survival of CCA Patients

First, tumor sections of 14 CCA patients (5 intrahepatic and 9 extrahepatic) were im-
munohistochemically analyzed for the abundance of CAF (by staining of α-SMA and FSP-1)
and SC (by staining of S100). Of these cases, three patients were operated in TNM-stadium
T1, nine patients in stadium T2 and two patients in T3. Representative stainings of CAF and
SC in a T1 tumor and a T3 tumor are shown in Figure 1A, indicating that the accumulation
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of either stromal cell population already starts in early stage CCA. Overall, a moderate to
strong staining of either α-SMA or FSP-1 was detected in 10/14 tissues as well as a weak to
moderately positive S100 staining in 5/14 tissues. Moreover, elevated expression of either
marker showed a reduced tumor-free survival of the patients (Figure 1C–E). Although
obtained from a small cohort, these findings support previous studies [14] and underscore
that a high abundance of CAF and SC is associated with reduced survival of CCA patients.
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Figure 1. Immunohistochemical analysis of CCA specimens and correlation with survival of CCA
patients. (A) Representative HE stainings and stainings for α-SMA, FSP-1 and S100 in pT1 N0
(scale bar = 250 µm) and (B) pT3 N0 (scale bar = 500 µm) CCA specimens. Kaplan–Meier plots for
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(n = 14 CCA, thereof 5 with intrahepatic and 9 with extrahepatic tumors). Statistical significances are
indicated in the figure.

2.2. Impact of CAF and SC on Cell Migration of CCA Cells

To elucidate the impact of CAF and SC on the migratory behavior of CCA cells,
HuCCT-1 and TFK-1 cells as well as both stromal cell populations were cultured either
alone (mono-culture) or CCA cell lines were co-cultured with CAF or SC in four chamber
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ibidi slides. Cell migration was assessed by measuring the gap closure by determining cell
confluence (Figure 2). Figure 2A–C show representative images of one experiment (out of
three independent experiments). Mono-cultured CCA cell lines as well as stromal cells only
led to a gap closure of 5.4% (mono-cultured CAF) to 17.5% (mono-cultured HuCCT-1) after
18 h (Figure 2D–G). Since HuCCT-1 cells showed a higher basal migratory potential than
TFK-1 cells (17.5% versus 1.4% TFK-1 cells after 18 h), gap closure was analyzed after 18 h
in HuCCT-1 (Figure 2D,F) and in TFK-1 cells after 18 (not shown) and 68 h (Figure 2E,G).
Moreover, while gap closure by mono-cultured CAF was only marginally increased from
18 h to 68 h (5.4 to 10.5%), gap closure by mono-cultured SC increased from 6.8% after 18 h
to 49.2% after 68 h, indicating a higher basal migratory potential of SC (Figure 2F,G).
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Figure 2. Paracrine impact of CAF and SC on cell migration of CCA cells. HuCCT-1 and TFK-1 cells
were cultured either alone (CCA mono) or together with CAF (CAF/CCA co) or SC (SC/CCA co) in
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4 chamber ibidi slides. Mono-cultured CAF (CAF mono) and SC (SC mono) were cultured in parallel
as control. Mono- and co-cultures with HuCCT-1 cells were analyzed after 18 h and those of TFK-1
cells after 18 h and 68 h (representative pictures at 10-fold magnification). CCA cells were stained
with CellTracker Deep Red, SC were stained with CellTracker CMAC blue and CAF were not stained.
(A,B) Representative pictures of gap closure of the different mono- and co-cultured cell populations.
(C) Representative images of co-cultured CCA cells, CAF and SC in a 4 chamber ibidi slide showing
gap closure after 18 h (HuCCT-1) and 68 h (TFK-1). (D–G) Quantification of cell migration of the
depicted cell populations after 18 h (HuCCT-1) and 68 h (TFK-1) were performed with the Wound
healing beta 2F-Operator (Synentec). Data are presented as % gap closure normalized to t = 0 h and
as mean and standard deviation of 3 independent experiments. Statistical significances are indicated
in the figure.

Importantly, gap closure was most pronounced when either CCA cell line was co-
cultured with stromal cells, albeit clear differences were observed in dependence on the
stromal cells (Figure 2A,B,D–G). While in the co-culture of CCA cells and CAF, the gap was
closed predominantly by migration of CCA cells (Figure 2A), gap closure during co-culture
of CCA cells and SC was predominantly mediated by the migration of SC cells towards
CCA cells (Figure 2B). This migratory behavior was also not changed when CCA cells were
concomitantly exposed to CAF and SC (Figure 2C). In HuCCT-1 co-cultures, gap closure
was significantly more pronounced in the presence of CAF (p < 0.0001) than SC (p = 0.4489;
66.9% gap closure after CAF co-culture versus 24.8% after SC co-culture, Figure 2D,F),
while in TFK-1 co-cultures, gap closure was slightly more pronounced in the presence of
SC after 18 h (p = 0.0083) but comparable in the presence of CAF (p = 0.0287; 44.7%) and SC
(p = 0.0093; 50.1%) after 68 h (Figure 2E,G). Overall, these data indicate that cell migration
of CCA cells is enhanced in the presence of CAF, while the presence of CCA cells, in turn,
increases cell migration of SC.

2.3. Sorafenib Inhibits Migration of CCA and Stromal Cells in a Context Dependent Manner

Since the multityrosine kinase inhibitor Sorafenib has already shown growth inhibitory
effects on CCA cells [7], we next investigated whether Sorafenib might be also able to
inhibit cell migration of CCA cells and different stromal cells. Since a dosage of 1 µM
has been shown to hardly impact the cell growth of neither CCA cells nor both stromal
cell populations (data not shown), mono- and co-cultures of CCA cells, CAF and SC,
respectively, in the absence or presence of 1 µM Sorafenib were conducted to analyze
gap closure. As seen in Figure 3A, Sorafenib treatment even intensified cell migration of
mono-cultured HuCCT-1 cells, leading to an increased gap closure from 17.5% to 28.2%,
while cell migration of mono-cultured CAF was clearly diminished after 18 h (from 5.4% to
2.9%, p = 0.0668, Figure 3A,B) and even more pronounced after 68 h (from 10.5% to 3.8%,
p = 0.0005, Figure 3C). Furthermore, a clear reduction in cell migration was observed in
co-cultures from HuCCT-1 cells and CAF (from 66.9% to 38.0%, p = 0.0548). In contrast,
gap closure by mono-cultured SC after 18 h (8.2% versus 8.6%, Figure 3A,B) and after 68 h
(49.3% versus 45.2%, Figure 3C) as well as HuCCT-1 co-cultures with SC (from 24.8% to
28.5%; Figure 3A) remained nearly unaffected. Similar observations could be made with
TFK-1 cells. Here, Sorafenib treatment also did not impact cell migration of mono- and
co-cultured CCA cells with SC (Figure 3B,C). In line with the results described for HuCCT-1
cells and mono-cultured CAF, a clear inhibitory effect on cell migration could only be
observed on co-cultures of CAF and TFK-1 cells, leading to a reduced gap closure from 8.9%
to 4.5% (p = 0.0145) and from 44.5% to 23.4% (p = 0.1489) after 18 h and 68 h, respectively
(Figure 3B,C). Overall, these data indicate that Sorafenib treatment impairs the migratory
abilities of CAF and CCA cells but not SC. The fact that particularly the co-culture increased
cell migration of CAF and CCA cells was affected point to a Sorafenib-mediated inhibition
of paracrine interactions between tumor cells and CAF.
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Figure 3. Sorafenib reduces migration of CAF and CAF co-cultivated CCA cells. HuCCT-1 and TFK-1
cells were cultured either alone or together with CAF or SC in 4 chamber ibidi slides. Mono-cultured
CAF and SC were cultured in parallel as control. Additionally, cells were either left untreated or
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gap closure normalized to t = 0 h and as mean and standard deviation of 3 independent experiments.
Statistical significances are indicated in the figure.

2.4. Analysis of Potential Migratory Inducing Factors in Co-Culture with CAF or SC

In order to better understand the paracrine interactions between CCA cells and stromal
cell populations, which might impact cell migration and might be affected by Sorafenib
treatment, Proteome Profiler Human Cytokine Array Kit Panel A was used to determine
the release of cytokines and chemokines during the different mono- and co-cultures in the
absence or presence of 1 µM Sorafenib. No differences in the release of C5a, CD40 Lig-
and/TNFSF5, G-CSF, GM-CSF, CXCL1/GROα, CCL1/I-309, ICAM-1, IFN-µ, Interleukin
(IL)-1α /IL-1F1, IL-1ß/IL-1F2, IL-1ra/IL-1F3, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-
13, IL-16, IL-17, IL-17E, IL-23, IL-27, IL-32α, CXCL10/IP-10, CXCL11/I-TAC, CCL2/MCP-1,
MIF, CCL3/MIP-1α, CCL4/MIP-1ß, CCL5/RANTES, CXCL12/SDF-1, serpin E1/PAI-1,
TNF-α and TREM-1 could be observed in supernatants of the different co-cultures com-
pared to respective mono-cultures as well as after treatment with Sorafenib (data not
shown). In contrast, clearly detectable levels of Monocyte Chemoattractant Protein-1
(MCP-1), Chemokine (C-X-C motif) ligand 1 (CXCL-1), IL-6 and IL-8 could be determined
in supernatants of CAF as well as in supernatants of co-cultures of CAF and either CCA
cell line (Figure 4A). Moreover, after Sorafenib treatment, the levels of all fac tors were
strongly reduced compared to the respective untreated samples (Figure 4A).
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Figure 4. Detection of human cytokines and chemokines in supernatants of mono- and co-cultured
CCA and stromal cells. HuCCT-1 and TFK-1 cells were cultured either alone or together with
CAF or SC in transwell systems. Mono-cultured CAF and SC were cultured in parallel as control.
Additionally, cells were either left untreated or treated with 1 µM Sorafenib for 72 h. Cell culture
supernatants were analyzed using the Proteome Profiler Human Cytokine Array Kit, Panel A. Shown
are representative results of mono- and co-cultures of CCA cells with (A) CAF and (B) SC. Pictures are
taken from one experiment out of three independent biological replicates. Right to each blot, mean
spot densitometries of all replicates ± standard deviation are shown. Significances were defined
using asterisks: * p < 0.05, ** p < 0.01, *** p < 0.001.

Furthermore, considerable amounts of serpin E1 and Macrophage migration inhibitory
factor (MIF) could be determined in supernatants of mono-cultured HuCCT-1 and SC as
well as in co-cultures of both CCA lines and SC (Figure 4B), while in supernatants of
mono-cultured TFK-1 cells, no serpin E1 could be detected. However, Sorafenib treatment
did not impact serpin E1 and MIF levels in supernatants of either condition. Overall, these
data indicate that Sorafenib mostly inhibited the release of CAF-derived factors.

2.5. Altered Signal Transduction in CAF and SC Stimulated CCA Cells

To elucidate whether the paracrine interactions with stromal cells led to an altered
signal transduction in CCA cells, Western blot analyses of CCA cells exposed to medium
or conditioned medium from either stromal cell line in the absence or presence of 1 µM
Sorafenib were conducted to detect activated (phosphorylated) forms of STAT3, JNK, ERK
and AKT (Figure 5A).
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with additional Sorafenib treatment for another 24 h where appropriate. The following day, cells
were treated for 15 min in unconditioned medium or in conditioned medium from CAF or SC, which
was either left untreated or supplemented with 1 µM Sorafenib beforehand. Shown are representative
blots out of three replicates demonstrating expression levels of the phosphorylated and total forms
of STAT3, JNK, AKT and ERK. ß-actin was determined in parallel as control. (C) Quantifications of
fluorescence signals of the detected total and phosphorylated signaling proteins are demonstrated as
area under the curve (AUC). Bars represent from top to bottom unconditioned medium, treatment
with conditioned medium and Sorafenib treatment. Significances were defined using asterisks:
* p < 0.05, ** p < 0.01.

In HuCCT-1 cells, expression levels of phospho-STAT3 and phospho-JNK were not al-
tered, while increased expression of phospho-JNK and phospho-AKT could be determined
when CCA cells were cultured in CAF conditioned medium. However, treatment with
Sorafenib showed no effect on activation of either protein and even increased expression of
phospho-ERK (p = 0.0084; Figure 5A,C). Intriguingly, CAF-conditioned TFK-1 cells showed
increased activation of all four signaling mediators (highly significantly for phospho-STAT3
and phospho-ERK with p = 0.0011 and p = 0.0072, respectively) and Sorafenib treatment
reduced it (Figure 5B,C).

HuCCT-1 cells cultured in SC-conditioned medium showed almost no changes in the
expression of activated forms of the MAPK and JAK-STAT signaling pathway. Again, a
slight increase in phospho-ERK expression after Sorafenib treatment could be observed
(Figure 5A,C). In contrast, TFK-1 cells exposed to SC-conditioned medium exhibited an
increased activation of STAT3, JNK and AKT (Figure 5B,C), whereas no SC-mediated
effects could be observed on the expression level of phospho-ERK. Treatment with So-
rafenib resulted in a reduced phosphorylation of JNK and AKT, but also in an increased
phosphorylation of ERK in TFK-1 cells. Again, no synergistic effect of the CCA cell lines
in co-cultivation with both stromal cell lines was detected on signal transduction (data
not shown).

To rule out a direct inhibition of activation of the above-mentioned pathways in the
CCA cells by Sorafenib, Western blot analysis was carried out in Sorafenib-treated mono-
cultured TFK-1 and HuCCT-1 cells. For the TFK-1 cells, a light activation of ERK and
JNK was observed after Sorafenib treatment (AUC in phospho-ERK from 201 to 8490 and
in phospho-JNK from 331 to 5941). This finding in the mono-culture contrasted to the
inhibition of the different pathways after Sorafenib treatment of the cancer cell-SC and
-CAF co-cultures. For the AKT and JAK-STAT pathway, no difference in activation was
observed after treatment with Sorafenib. In mono-cultured HuCCT-1 cells, no difference
in activation of the different pathways was observed after treatment with Sorafenib either
(phospho-STAT3 from 6625 to 5992; phospho-JNK from 7925 to 7627; phospho-AKT from
5278 to 2302 and phospho-ERK from 9109 to 8432 AUC, respectively).

Altogether, these findings indicate that CAF and SC impact signaling pathways in CCA
cells in a paracrine manner. Moreover, Sorafenib treatment inhibited only the activation of
JNK, AKT and ERK in TFK-1 cells.

3. Discussion

Although CCA is less frequent than other gastrointestinal malignancies, its incidence
is rapidly increasing [2]. Additionally, CCA treatment remains challenging because of
its often late diagnosis, limiting surgical resection, poor response to standard chemother-
apy, missing standardized second-line chemotherapeutic approaches and difficulty for
targeted therapies due to tumor heterogeneity without established molecular-targeted ther-
apeutic regimens [5,22]. Thus, this underscores the urgent need to develop more effective
treatment options. While the tumor microenvironment and, particularly, CAF have been
already shown to essentially determine the progression and therapy response of many
tumor entities [23], knowledge on the role of CAF on CCA cells and CCA progression is
still poor [13]. Chuaysri et al. could already demonstrate that the occurrence of CAF is
correlated with poor survival of CCA patients [16]. This finding was confirmed by the im-
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munohistochemical analysis of a small cohort of CCA patients in our study, which requires
further validation in larger cohorts. Even though the impact of SC on tumor cell migration,
invasion and metastasis has been reported in different malignancies (e.g., pancreatic ductal
adenocarcinoma) [24], their role in CCA progression and metastatic spread has not yet
been investigated.

Since the role of CAF and SC on CCA progression is poorly understood and the effects
of treatment with the multityrosine kinase inhibitor Sorafenib are rather disappointing in
CCA [25,26], our study aimed at elucidating the paracrine impact of CAF and SC on CCA
cells with a particular focus on cell migration and whether this can be targeted by Sorafenib.

Using four chamber ibidi slides and cell tracing of distinct cell populations for gap
closure experiments, we were able to demonstrate that cell migration of CCA cells is signif-
icantly enhanced in the presence of CAF. One possible explanation could be the paracrine
interaction with tumor cells as CAF are known to produce ECM and release inflamma-
tory cytokines such as IL-6 and IL-8 and several chemokines, among them CCL2/MCP1,
CXCL12/SDF1, CCL5 and 7 as well as CXCL16, by which they can promote cancer cell
migration [27]. In contrast, in co-cultures of CCA cells with SC, gap closure was also
increased but this was predominantly mediated by enhanced cell migration of SC towards
CCA cells. These data are in line with a study demonstrating that SC migrate towards
cancer cells in pancreatic ductal adenocarcinoma as well as in colon carcinoma cell lines
but not towards benign cells [19]. Thus, the study by Demir et al. and our study provide
evidence that not tumor cells but, instead, SC migrate during neural invasion which might
contribute to tumor cell dissemination.

We were also able to demonstrate that Sorafenib could reduce migration of CAF as
well as of CAF co-cultivated CCA cells but not that of SC and SC co-cultivated CCA cells,
supporting the view that Sorafenib exerts its effects in a context-dependent manner.

However, the findings that Sorafenib reduced the migratory abilities of CAF and
CAF co-cultured CCA cells are in line with other studies demonstrating the antimigratory
effects of Sorafenib [26,27]. Accordingly, Sorafenib was found to suppress the Epithelial–
Mesenchymal Transition (EMT) and cell migration by reducing matrix metalloproteinase
(MMP) expression in HCC cells. This in turn led to suppressed c-MET and reduced activa-
tion of the Mitogen-activated protein kinase (MEK)/ERK pathway [28]. In line with these
findings, Sorafenib reduced phospho-ERK levels and migration of breast cancer cells [29].
Considering the effects of Sorafenib in HCC, the inhibited ERK pathway highlights one
possibility by which Sorafenib treatment was able to inhibit migration in CAF and CAF
co-culture-treated CCA cells. SC dedifferentiation is known to be activated through the
Ras/Raf/ERK signaling pathway [30] and it was demonstrated that ERK1/2 and AKT
signals were involved in the migratory potential of SC [31]; however, ERK1/2 activity
inhibition did not show a reduction in SC migration [31]. In line with this, migration of
mono- and co-cultured SC could not be inhibited by Sorafenib. The observed resistance of
SC and SC co-culture to the treatment with Sorafenib might be caused either by a shorter
and weaker ERK1/2 activity in SC or a possible requirement for additional factors, such as
insulin-like growth factor to stimulate the ERK1/2 pathway [32]. Future studies are needed
to explore these findings more in detail.

To further elucidate the paracrine impact of CAF and SC, respectively, on CCA cells and
whether this is impacted by Sorafenib treatment, we determined a spectrum of cytokines
and chemokines in supernatants of mono- and co-cultures of CCA cells and the different
stromal cell populations. From the series of investigated cytokines, the following have been
shown to be of particular importance for tumor cell migration: IL5 [33], IL6 [34], IL8 [35],
IL17 [36], IL23 [37], CXCL-1, CXCL11 [38], CXCL12 [39], CCL5 [40], MCP-1 [41], MIF [42],
serpin E1 [43] and TNFα [44]. While MCP-1, CXCL-1, IL-6 and IL-8 could not be detected in
supernatants of mono-cultured CCA cells, a strong release of MCP-1 and IL-8 was measured
in supernatants of mono-cultured CAF as well as of CCA cells co-cultured with CAF. Both
factors are known for their pro-inflammatory [45] and migratory capacity [27]. Of note,
MCP-1 (also known as CCL2) has been reported to be secreted by CAF at elevated levels,
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promoting cancer progression and migration in HCC [46] as well as in oral cancer [47].
Additionally, CXCL-1 and IL-6 could also be detected at elevated levels in supernatants
of mono-cultured CAF, both factors being reported to be highly expressed in CCA [48].
Our findings are in line with studies demonstrating a role of CXCL-1, IL-6 and IL-8 in
tumor cell migration and metastasis in other tumor entities [49,50]. Importantly, Sorafenib
treatment effectively reduced levels of MCP-1, CXCL-1, IL-6 and IL-8 in supernatants of
mono-cultured CAF and CAF co-cultured with either CCA cell line, which is in line with
the observation that Sorafenib efficiently reduced cell migration of mono-cultured CAF as
well as those of CAF co-cultured CCA cells. Overall, these findings indicate that Sorafenib
is able to efficiently interfere with the paracrine tumor stroma interplay in CCA.

Furthermore, supernatants of mono-cultured HuCCT-1 cells as well as of mono- and co-
cultured SC contained considerably higher amounts of serpin E1 and MIF. High MIF levels
are found in almost all type of cancers exerting multifunctional effects contributing to cancer
development and progression such as promoting migration and reducing apoptosis [51]. In
addition, it is known to inhibit the tumor suppressor gene p53 and its stimulatory function
of pro-inflammatory cytokines such as TNFα, INF γ, IL-1ß, IL-6, and IL-8 in a positive
feedback loop [52]. It appears possible that SC migration is enhanced by MIF. In this
study, we analyzed the secretion of the cytokines in mono- and co-culture of CCA cells,
SC and CAF and examined whether paracrine interaction of the above mentioned cell
types and Sorafenib treatment impact this cytokine and chemokine secretion. Based on
these results, it can be speculated whether enhanced factors under co-culture conditions
are responsible for enhanced migratory abilities of CCA cells or SC migration. Thus, future
studies involving experiments with blocking antibodies will have to examine whether these
inflammatory factors (such as MCP-1, CXCL-1, IL-6 or IL-8) are responsible for enhanced
migration of CCA cells and SC, respectively. As an overrepresentation of the MAPK/ERK
signaling pathway was already described in CCA [7], Sorafenib has been postulated to
be an effective treatment option like in HCC. Having shown that Sorafenib reduced cell
migration of CAF and CAF co-cultured CCA cells, we elucidated the paracrine influence of
CAF on signal transduction in the two CCA cell lines as well as whether this is impacted
by Sorafenib treatment. In addition, we investigated activation of the PI3K-AKT and
JAK-STAT signaling pathways, which are both known to be possible targeting structures
for CCA treatment [53]. First of all, HuCCT-1 cells already showed a stroma-independent
higher expression of activated signaling mediators, particularly of phospho-AKT and
phospho-ERK compared to TKF-1 cells. Moreover, in HuCCT-1 cells, only phospho-AKT
expression was increased in response to CAF, while the presence of SC did not impact the
expression of either phosphorylated form of the analyzed signaling proteins. Interestingly,
Sorafenib treatment did not alter the expression of the activated forms of the four signaling
mediators in HuCCT-1 cells under either culture condition, though a clear reducing effect
was observed on cell migration in CAF co-cultivated cells, possibly due to decreased levels
of CXCL-1, IL-6 or IL-8 leading to reduced migration of HuCCT-1 cells. In contrast, low
basal expression levels of phospho-JNK, phospho-AKT and phospho-ERK in TFK-1 cells
were increased in a stroma-dependent manner by CAF, which could be clearly reduced by
Sorafenib treatment.

Of note, while Sorafenib seemed to have little to no effects on cytokine levels in SC
co-cultured cells, SC co-cultured TFK-1 cells showed an increased activation of ERK, which
was even enhanced by Sorafenib treatment. A reason for the stronger migration of SC in
co-culture with extrahepatic TFK-1 cells might be explained by the fact that extrahepatic
CCA disseminate into the liver via perineural guidance [21], while intrahepatic carcinomas
(such as the HuCCT-1 cells) are more surrounded by CAF and hepatic stellate cells in the
tumoral environment [13]. Therefore, intrahepatic CCA (cells) might be primarily activated
by a paracrine stimulation from stellate cells/CAF and less by SC. Thus, there are apparent
differences in the activation and migration of SC and tumor cells, respectively, which
might be caused by the different paracrine interplay of CCA cells and surrounding stromal
cells. Furthermore, the antitumoral efficacy of Sorafenib seems to be dependent on the
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tumoral context as, predominantly, the interplay between CAF and CCA cells could be
impaired by Sorafenib but not those of SC and CCA cells. Thus, it can be speculated that
Sorafenib treatment might be more effective and suitable for treatment of CCA lacking
neural invasion.

In line with other studies, the results of our study showed lower survival rates in
CCA patients with an increased immunohistochemical staining of α-SMA in CAF in
surgically resected intrahepatic CCA [16,54,55]. Prospective risk assessment regarding
survival after surgery could favor patients with a low density of α-SMA in CAF. Therefore,
tumor biopsies in the evaluation process before surgery could add to a better selection
of patients who might benefit from surgery with a better tumor-free survival for CCA.
Furthermore, the results of the study suggest that a suppression of the crosstalk between
CAF and CCA tumor cells leads to an impaired tumor invasion. Therefore, future research
should focus on identifying targets by which deregulated expression and release of tumor-
stimulating cytokines by CAF are reversed. Of note, since CAF have been demonstrated to
be heterogeneous in different tumor entities, especially in pancreatic and breast cancer [13],
future research should also focus on CAF heterogeneity in CCA in order to elucidate
whether different CAF subtypes might exert pro- and antitumorigenic effects in CCA cells.
Moreover, owing to the fact that our results are based on the use of two CCA cell lines that
differ in their origin (intrahepatic vs. extrahepatic) and therefore generalization is difficult
in the presence of inconsistent findings observed, the use of additional CCA cell lines as
well as CAF populations is planned for further studies. For extrahepatic CCA, a migration
of SC towards the tumor cells was seen. Extrahepatic CCA cells need SC for perineural
invasion to invade in the liver [21]. Since the results of this study demonstrate migration
of SC towards CCA cells and a synergistic effect of SC and CCA cells in co-culture, future
research should investigate the mechanisms of the migration of SC towards CCA cells in
more detail and targets should be identified to block this malignancy, promoting crosstalk.

4. Materials and Methods
4.1. Immunohistochemical Stainings of CCA Tissues

Formalin-fixed and paraffin-embedded tumor specimens of 14 CCA patients were ana-
lyzed for the presence of CAF and SC and correlated with survival rates. All patients signed
the informed consent. The study was approved by the local institutional review board of
the Medical Faculty of the Kiel University (A 110/99). For immunohistochemistry, 5 µm
paraffin sections were used. Antigen retrieval was not necessary. Slides were incubated
with primary antibodies for α-SMA (1:400, clone 1A4, mouse, NeoMarkers, Fremont, CA,
USA), FSP-1 (1:200, abcam ab93283, Cambridge, UK) and S100 (1:400, Z0311, polyclonal,
rabbit, Dako, Glostrup, Denmark). Bound antibodies were detected by EnVision+System-
HRP anti-mouse antibody (Dako, Glostrup, Denmark). Color development was performed
with the DAB substrate kit (Dako, Glostrup, Denmark). All slides were counterstained with
hemalum and cover slipped. Evaluation of the stainings was performed on a Leica DM
1000 microscope (Leica, Wetzlar, Germany). The intensity of the staining was judged on
an arbitrary scale of 0 to 3 with 0: no staining; 1: weak staining; 2: moderate staining and
3: strong staining by two independent pathologists.

4.2. Cell Lines and Generation of CAF

CAF were prepared from two different human CCA tissues and pooled after in vitro
selection as previously described and tested by positive staining for α-SMA and Vimentin
as well as negative staining for the pan-cytokeratin marker KL-1 [56]. Patients gave
their consent for use of their tumor tissue and the procedure was approved by the ethics
committee of Kiel University (A 110/99). In brief, immediately after resection, the tissue
was cultivated with DMEM low glucose (Gibco Invitrogen, Grand Island, NY, USA), 10%
FCS (PAN Biotech, Aidenbach, Germany), 1% GlutaMAX, 1% sodium pyruvate (both Gibco
Invitrogen, Grand Island, NY, USA) and 1% penicillin/streptomycin (Biochrom, Berlin,
Germany), sliced into 1 mm3 pieces and cultivated in 6-well plates in DMEM low glucose
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medium (10% FCS, 1% GlutaMAX, 1% sodium pyruvate, as described above). After 2 days,
pieces were transferred into new 6-well plates. The medium was changed three times per
week. After 2 weeks, when sufficient CAF were migrated out of the tissues, the tumor
blocks were removed. At a confluency of 80%, CAF were detached with accutase (Gibco
Invitrogen, Grand Island, NY, USA) and the cells were stored in FCS with 10% DMSO
(Sigma-Aldrich Chemie GmbH, Steinheim, Germany) in liquid nitrogen for further studies.

The human CCA cell lines HuCCT-1 and TFK-1 (Cell Bank RIKEN Bio Resource Centre,
Koyadai Tsukuba, Japan) as well as CAF were cultured in DMEM low glucose medium
supplemented with 10% FCS, 1 mM GlutaMAX and 1 mM sodium-pyruvate (culture
medium), as described before. SC were purchased from ScienCell Research Laboratories
(San Diego, CA, USA) and kept in SC culture medium of the distributor.

4.3. Paracrine Interaction Model to Analyze Cell Migration

To analyze the influence of SC and CAF on growth behavior and cell migration of
CCA cell lines, HuCCT-1 and TFK-1 cells were resuspended in culture medium without
FCS but supplemented with 25 µM CellTracker Deep Red. SC were resuspended in culture
medium without FCS and supplemented with 25 µM CellTracker CMAC blue (both dyes
from Molecular Probes by Life Technologies, Waltham, MA, USA). They were stained for
45 min at 37 ◦C and subsequently resuspended in cell culture medium containing FCS. CAF
remained unlabeled. Each cell population was seeded at a cell density of 0.35 × 105 cells
in each well of the ibidi plate (Culture-Insert 4 well in µ-Dish, ibidi, Munich, Germany)
in 75 µL DMEM low glucose with 10% FCS. For mono-culture, CCA cell lines as well as
CAF and SC were seeded in all 4 wells of the ibidi dish, while for co-culture experiments,
either CCA cell line was seeded in 2 wells and in the other two wells either CAF or SC
were seeded. The next day, the medium was removed from all wells and replaced by 75 µL
DMEM FluoroBrite high-glucose (Gibco Invitrogen) lacking FCS. In the case of Sorafenib
treatment, medium was replaced by 75 µL DMEM FluoroBrite (-FCS) containing 1 µM
Sorafenib. After 4 h, the stamp was removed and the ibidi plates were washed with DMEM
FluoroBrite (-FCS) in order to remove detached cells or cellular debris that had arisen
after removal of the stamp. The ibidi plates were then refilled with DMEM FluoroBrite
(-FCS) for the control and DMEM FluoroBrite (-FCS) with 1 µM Sorafenib for the treatment.
Subsequently, selected regions of the well containing the gaps were imaged in all four
channels (brightfield: Ex: BF, Em: Blue (452/45); CellTracker CMAC Blue: Ex: UV (377/50),
Em: Blue (452/45); CellTracker Deep Red: Ex: Red (632/22), Em: Red (685/40)) using the
10x objective of a NYONE cell imager (Synentec GmbH, Elmshorn, Germany). To analyze
the cell confluence in the brightfield channel, the ‘Wound healing beta 2F’ application of
YT-Software (SYNENTEC GmbH) was used. In this application, four regions of interest
(ROIs) could be placed into the four gaps of each well and the confluency within this ROI
was determined. To determine gap closure, cellular confluency was measured directly after
removal of the stamp (=t0) as well as after 18 h and 68 h. As cellular debris or detached cells
could interfere with the analysis, after 18 h and 68 h, the medium was collected, filtered
(0.45 µm) and directly re-applied. After 72 h, supernatants were centrifuged, aliquoted and
stored in −20 ◦C for further experiments (cytokine assay).

4.4. Human Cytokine Array

To further characterize the impact of CAF and SC on tumor cell lines, supernatants of
mono- and co-cultures were analyzed after 72 h for cytokine release using the Proteome
Profiler Human Cytokine Array Kit (Panel A, R&D SYSTEMS, Minneapolis, MN, USA)
following the manufacturer’s specifications. For detection of cytokines, the substrate was
catalyzed with peroxidase into a luminescent product, which was detected on a Curix-60
developer (AGFA, Mortsel, Belgium).
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4.5. Generation of Conditioned Medium of Stromal Cells

Conditioned medium of mono-cultured stromal cells was prepared as follows in
T75 cm2 cell culture flasks: 80–90% confluent CAF or SC were cultured with 10 mL 0% FCS
medium (CAF in DMEM low glucose (Gibco Invitrogen, Grand Island, NY, USA), SC in SC
medium (ScienCell Research Laboratories, San Diego, CA, USA)) without or with 1 µM
Sorafenib (Nexavar, Bayer, Leverkusen, Germany) for 24 h. Supernatants (=conditioned
medium) were centrifuged, aliquoted and stored at −20 ◦C for analyzing the impact of
CAF and SC on signaling pathways in CCA cell lines.

4.6. Western Blot to Analyze Activation of Signaling Pathways

To analyze the impact of CAF and SC on distinct signaling pathways in the CCA
cell lines, 3 × 105 HuCCT-1 and TFK-1 cells were seeded per well in a 6-well plate. The
following day, the medium was removed, cells were washed twice with PBS and cells were
cultured in culture medium of CAF (DMEM) or SC (SC medium) without FCS for 24 h.

The next day, cells were either left untreated or treated with 1 µM Sorafenib. After
another 24 h, the medium was removed and cells were cultured for 15 min in conditioned
medium from CAF or SC (see above) supplemented with or without 1 µM Sorafenib. As the
control, cells were cultured in culture medium without FCS and without preconditioning
by SC and CAF to rule out a direct inhibition of the signaling pathways in the cancer cells
by Sorafenib.

Cell lysates were generated from the differentially cultured cells by lysing the cells
in 80 µL RIPA buffer inclusive PhosSTOP and Complete Protease Inhibitor Cocktail (both
Roche, Penzberg, Germany) according to established protocols [57]. SDS-gel electrophoresis
as well as Western blotting was conducted as described previously [56] using the following
antibodies (all Cell Signalling Technology, Leiden, Holland; diluted in BSA, Carl Roth
GmbH, Karlsruhe, Germany): STAT3 (mouse 124H6, 1:1000, 5% BSA in TBS-T), Phospho-
STAT3 (rabbit 1:300, 5% BSA in TBS-T), SAPK/JNK (both rabbit 1:500, 0.5% BSA in TBS-T)
and Phospho-SAPK/JNK antibody (rabbit 1:500, 0.5% BSA in TBS-T), AKT (mouse, 1:1000,
5% BSA in TBS-T) Phospho-AKT (rabbit 1:1000, 5% BSA in TBS-T), p44/42 MAPK (ERK1/2)
(rabbit 1:1000, 5% BSA in TBS-T) and Phospho-p44/42 MAPK (ERK1/2) (rabbit 1:300, 5%
BSA in TBS-T). ß-actin was used in a concentration of 1:10,000 (Sigma Aldrich Chemie
GmbH, Steinheim, Germany, 0.5% milk in TBS-T).

4.7. Statistical Analyses

Statistical analyses were carried out using SPSS 23.0 (SPSS, IBM Corporation, Armonk,
NY, USA). Represented are mean values ± standard deviation. The data were tested for
normal distribution and equal variances using the Shapiro–Wilk test. Non-parametric
datasets of different groups were analyzed using the Kruskal–Wallis one-way ANOVA
on ranks. Statistical significance was defined at a p-value of <0.05, according to the Dunn
method for non-parametric data. Survival analyses were performed by Kaplan–Meier
estimates and statistical evaluations were performed using log-rank tests. Significances
were defined using asterisks: * p < 0.05, ** p < 0.01, *** p < 0.001.

5. Conclusions

Overall, this study contributes toward a better understanding of the paracrine interplay
of CAF and SC, respectively, with CCA cells and provides explanations on how these cells
may impact cell migration, with this being an important metastasis-associated process.
Co-cultivation of the two CCA cell lines HuCCT-1 and TFK-1 with CAF increased tumor
cell migration and secretion of the pro-inflammatory cytokines MCP-1, CXCL-1, IL-6 and
IL-8, which could be clearly diminished by Sorafenib treatment. In contrast, co-culture
of CCA cells with SC predominantly increased the cell migration of SC, which could not
be inhibited by Sorafenib. The fact that Sorafenib treatment inhibited the cell migration
of CAF and CAF co-cultured CCA but not those of SC, along with the observation that
signaling pathways that are important for malignant progression are also not impacted by
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Sorafenib in both CCA cell lines, underscores that the therapeutic efficacy of Sorafenib is
highly context-dependent and provides an explanation as to why Sorafenib failed in the
treatment of CCA patients in some clinical studies [25,26]. Thus, further studies are needed
to elucidate the conditions determining the efficacy of Sorafenib for treatment of CCA.
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Abstract: Performing esophagogastroduodenoscopy (EGD) in recently occurring peri-coronary
artery disease (CAD) accident settings is always a dilemma. This study used the Taiwan National
Health Insurance Research Database to identify patients with CAD and gastrointestinal bleed-
ing who had received EGD or not between 2000 and 2013.The final population included in this
study was 15,147 individuals, with 3801 individuals having received EGD (study cohort group) and
11,346 individuals not having received EGD (comparison cohort group). We initially performed a
sensitivity test for CAD recurrence-related factors using multivariable Cox regression during the
tracking period. A relatively earlier EGD intervention within one week demonstrated a lower risk of
CAD recurrence (adjusted HR = 0.712). Although there were no significant differences in the overall
tracking period, the adjusted HR of CAD recurrence was still lower in patients in the EGD group.
Furthermore, our findings revealed that there were no remarkably short intervals to CAD recurrence
in the study group. The Kaplan–Meier survival curve demonstrated that individuals who underwent
EGD were not associated with a significantly increased CAD recurrence rate compared with the
control (Log-rank test, p = 0.255). CAD recurrence is always an issue in recent episodes of peri-CAD
accident settings while receiving EGD. However, there is not a higher risk in comparison with the
normal population in our study, and waiting periods may not be required.

Keywords: esophagogastroduodenoscopy; gastrointestinal bleeding; cardiovascular disease

1. Introduction

Patients suffering from coronary artery disease (CAD) have significantly high mortality
rates within a period of one month. Antithrombotic agents are a common method of treating
CAD as they can decrease the incidence of subsequent CAD events; however, these drugs
are more likely to increase bleeding tendency, especially upper gastrointestinal bleeding
(UGIB). Approximately 1–4% of patients have concurrent CAD and UGIB, and up to 7% of
patients develop sustained nosocomial GI bleeding following a PCI condition [1].

It is always important to consider the indications and contraindications when perform-
ing an endoscopic procedure so as to decide the exact timing of the endoscopy. A common
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dilemma is when patients have unstable hemodynamic status and a serious concurrent
comorbidity, especially when it comes to cardiopulmonary problems. In clinical practice,
perivascular accident settings with EGD are always more alarming to clinicians. This is
because there are no guidelines to clearly define indications and contraindications in these
cases. Cardiopulmonary side effects account for more than 50% of all complications and
causes of death. Among endoscopic procedures, esophagogastroduodenoscopy (EGD)
induces significant stress on the cardiopulmonary system, and the associated complications
include hypertension and hypoxia. Fluctuations in blood pressure in approximately 40% of
patients and unstable oxygenation with an oxygen saturation reduction in up to 70% of
patients have been noted. Additionally, stress related to arrhythmias may result in cardiac
ischemia in which the ECG shows ST-segment depression [2–4]. Furthermore, with the
above urgent condition and possible unstable vital signs, analgesic agents for conscious
sedation to relieve patient stress are far from appropriate.

Several studies in the current literature have investigated the utility of EGD in patients
with concurrent vascular accident problems. Manifestations of severe complications while
performing EGD are relatively infrequent [5]. However, peri-procedural complications are
a great concern. Therefore, the purpose of our study was to use a national, large-population
data sample to analyze CAD recurrence, mortality rates, and associated parameters in
patients with CAD who received or did not receive EGD.

2. Methods
2.1. Data

The Taiwan National Health Insurance Research Database (NHIRD) was established
in 1995, and the Taiwan National Health Insurance Administration Ministry of Health and
Welfare (Taipei, Taiwan, China) provides a number of medical services, including inpatient,
outpatient, and emergency services to >99% of the population in Taiwan. In the present
study, data from the NHIRD were used. The investigation protocols were approved by the
official peer review committee of the Tri-Service General Hospital (Taipei, Taiwan, China).
The diagnoses were made according to the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) [6].

2.2. Study Cohort

A retrospective cohort design was used, and we selected outpatient and inpatient
data between 1 January 2000 and 31 December 2013 from the NHIRD in Taiwan. The
selected patient cases had concurrent health problems such as cardiovascular accident
(CAD) and (UGIB). The included case group defined CAD by ICD-9-CM 410–414 and UGIB
by ICD-9-CM 53X.0, 53X.2, 53X.4, 53X.6 (X = 1–4), 535.X1. We excluded patients for whom
CAD/UGIB diagnosis was performed before the index date and patients under 20 years old.
We also excluded cases where diagnosis of CAD/UGIB was performed before 1 January
2000. Furthermore, we excluded cases with unknown gender.

Initially, data from 16,482 patients were collected, of which 1335 individuals were
excluded. Finally, our study included data from 15,147 patients. A total of 3801 individuals
had received EGD as opposed to 11,346 individuals who had not. Next, we used a 4-fold
propensity-score matching by gender, age, and index date. The 218 individuals who had
received EGD within one month were defined as the study cohort group. In contrast, the
872 individuals without EGD were defined as the comparison cohort group (Figure 1).
Notable variables included age, sex, and comorbidities of diabetes mellitus (DM) type II
(ICD-9-CM 250), hypertension (ICD-9-CM 401-405), chronic obstructive pulmonary disease
(COPD) (ICD-9-CM 491-493, 406), dyslipidemia (ICD-9-CM 272.0, 272.2, 272.4), and cancer
(ICD-9-CM-140-208). The outcomes between these two groups were compared by balancing
the above characteristics, follow-up durations, and survival status at the end of the tracking
period, 31 December 2013. Thirteen individuals in the study cohort group and sixty-
four individuals in the comparison cohort group experienced CAD recurrence within one
month. When evaluating follow-up duration and survival status, we further analyzed other
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parameters, including urbanization level and level of care. In addition to CAD recurrence
as the primary end point, we analyzed the severity by other factors: whether patients were
admitted to an intensive care unit or were under mechanical ventilation or for the use
of vasoconstrictors.
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2.3. Statistical Analysis

We conducted all analyses by SPSS software (version 18; SPSS, Inc., Chicago, IL, USA).
The χ2 and Fisher’s exact test were used for analysis of categorical variables, such as sex and
comorbidities. The Student’s t-test was used for continuous variables, such as age, and the
data are presented as mean ± standard error of the mean. Multivariate Cox regression was
used to adjust the independent variables and to determine the association between each
variable and CAD recurrence in one month. Additionally, CAD recurrence with different
tracking periods and other covariates of outcomes were further analyzed by multivariable
Cox regression stratified by EGD. Hazard ratios (HR) and 95% confidence intervals (CI)
were used to evaluate the relative risks between each variable. Mean ± standard error of
days to CAD recurrence were further investigated between the two groups. The Kaplan–
Meier test was conducted to identify the cumulative survival of CAD with UGI bleeding to
determine the statistical significance between groups.

3. Results

The clinical characteristics of the patients included in the present study are shown in
Table 1. A total of 218 (20.00%) underwent EGD in the study cohort group, and 872 (80.00%)
patients without EGD comprised the comparison cohort group. Following adjustment of
variables, there were no statistical differences in the clinical characteristics between the
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study cohort group and the comparison cohort group. The distribution of gender, age,
insurance premium, DM type II, HTN, COPD, dyslipidemia, and cancer between the two
groups (with and without EGD) were similar. The mean age was 70.28 ± 12.08 years
in patients with EGD and 71.12 ± 10.81 in patients without EGD. Males outnumbered
females in both groups at the end of follow-up (58.26%). We identified that the insurance
premiums were mostly less than New Taiwan dollar (NTD) 18,000, but this finding did not
reach statistical significance (p = 0.328). There was no statistical difference in therapeutic
variables hemostasis and endoscopic varices ligation (p = 0.560 and 0.844, respectively).
Antiplatelet agent use between the two groups (with and without EGD) showed no signifi-
cance (p = 0.172 and 0.221). Similarly, the urbanization level (from the highest to the lowest)
was also not significant (p = 0.012). In contrast, the characteristic level of care was statis-
tically different between the two groups (with more patients without receiving EGD). A
greater number of patients with CAD received EGD in regional and local hospitals (Table 1).
Additionally, our findings revealed that initial characteristics, including CAD recurrence
and mortality rates within one month (p = 0.556 and 0.715, respectively) and length of days
(p = 0.664), were not significantly different between the two groups. The average length of
hospitalization was 70.30 ± 98.71 days (70.95 ± 95.10 and 67.70 ± 112.21 with and without
EGD, respectively). Other factors included whether patients were admitted to an intensive
care unit, underwent mechanical ventilation, or were administered vasoconstrictors, and
these factors were further analyzed in our study and no significant difference was found in
initial characteristics (p = 0.867, 0.867, and 0.727, respectively).

Table 1. Characteristics of study.

EGD Total With Without p

Variables n % n % n %

Total 1090 218 20.00 872 80.00

Gender 0.999
Male 635 58.26 127 58.26 508 58.26

Female 455 41.74 91 41.74 364 41.74
Age (yrs) 70.45 ± 11.84 70.28 ± 12.08 71.12 ± 10.81 0.349

Insured premium (NTD) 0.328
<18,000 1075 98.62 217 99.54 858 98.39

18,000–34,999 15 1.38 1 0.46 14 1.61
≥35,000 0 0.00 0 0.00 0 0.00

DM type II 0.055
Without 719 65.96 156 71.56 563 64.56

With 371 34.04 62 28.44 309 35.44
HTN 0.024

Without 667 61.19 148 67.89 519 59.52
With 423 38.81 70 32.11 353 40.48

COPD 0.341
Without 1045 95.87 212 97.25 833 95.53

With 45 4.13 6 2.75 39 4.47
Dyslipidemia 0.081

Without 1047 96.06 214 98.17 833 95.53
With 43 3.94 4 1.83 39 4.47

Cancer 0.010
Without 985 90.37 207 94.95 778 89.22

With 105 9.63 11 5.05 94 10.78
Hemostasis 0.560

Without 919 84.31 181 83.03 738 84.63
With 171 15.69 37 16.97 134 15.37
EVL 0.844

Without 1028 94.31 205 94.04 823 94.38
With 62 5.69 13 5.96 49 5.62

Clopidogrel 0.172
Without 857 78.62 164 75.23 693 79.47

With 233 21.38 54 24.77 179 20.53
Aspirin 0.221
Without 689 63.21 130 59.63 559 64.11

With 401 36.79 88 40.37 313 35.89
Urbanization level 0.012

1 (Highest) 347 31.83 74 33.94 273 31.31
2 507 46.51 86 39.45 421 48.28
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Table 1. Cont.

EGD Total With Without p

Variables n % n % n %

Total 1090 218 20.00 872 80.00

3 62 5.69 21 9.63 41 4.70
4 (Lowest) 174 15.96 37 16.97 137 15.71

Level of care <0.001
Hospital center 402 36.88 56 25.69 346 39.68

Regional hospital 486 44.59 99 45.41 387 44.38
Local hospital 202 18.53 63 28.90 139 15.94

CAD recurrence in 1 month 0.556
Without 1013 92.94 205 94.04 808 92.66

With 77 7.06 13 5.96 64 7.34
Mortality in 1 month 0.715

Without 1078 98.90 215 98.62 863 98.97
With 12 1.10 3 1.38 9 1.03

Length of days 70.30 ± 98.71 70.95 ± 95.10 67.70 ± 112.21 0.664
ICU in 1 month 0.867

Without 1081 99.17 216 99.08 865 99.20
With 9 0.83 2 0.92 7 0.80

Mechanical ventilation in 1
month 0.867

Without 1081 99.17 216 99.08 865 99.20
With 9 0.83 2 0.92 7 0.80

Vasoconstrictors in 1 month 0.727
Without 1036 95.05 206 94.50 830 95.18

With 54 4.95 12 5.50 42 4.82

p: Chi-square/Fisher exact test on category variables and t-test on continue variables. The abbreviations: esopha-
gogastroduodenoscopy (EGD); New Taiwan dollar (NTD); diabetes mellitus (DM); hypertension (HTN); chronic
obstructive pulmonary disease (COPD); endoscopic variceal ligation (EVL); coronary artery disease (CAD);
intensive care unit (ICU).

Multivariable Cox regression analysis on CAD recurrence within one month revealed
no statistical significance in all variables examined, namely EGD, gender, age group, DM
type II, HTN, COPD, CKD, dyslipidemia, cancer, urbanization level, and level of care.
Patients in the EGD group were relatively less likely to experience recurrent CAD (adjusted
HR = 0.855, p = 0.411). Furthermore, male patients had a relatively higher risk of CAD
recurrence than female patients (adjusted HR = 1.052, p = 0.382). The elderly group of
patients had an average higher risk of CAD recurrence; however, there were no significant
differences among different age groups. With respect to variables of comorbidity (DM
type II, HTN, COPD, dyslipidemia, and cancer), HTN and COPD were more likely to
induce CAD recurrence (adjusted HR = 1.172 and 1.653, p = 0.424 and 0.598, respectively)
as was the relatively higher urbanization level (adjusted HR = 1.503); however, there were
no significant differences among different levels of urbanization. Furthermore, hospital
centers and regional hospitals were more likely to be associated with CAD recurrence
(adjusted HR = 2.986 and 1.872, respectively), but there were no significant differences
among different levels of care (Table 2).

A sensitivity test was then performed pertaining to the factors of CAD recurrence
by using multivariable Cox regression during the tracking period. Compared to patients
without EGD, a lower adjusted HR was found in patients in the EGD group. EGD inter-
vention within one month was the reference time point, and we observed that relatively
earlier EGD intervention within one week had a lower risk of CAD recurrence (adjusted
HR = 0.712). Moreover, we observed that when the intervention occurred at a later time, the
adjusted HR became relatively higher. For instance, the adjusted HR of EGD interventions
at 2 weeks, 3 weeks, and 1 month were 0.775, 0.834, and 0.855, respectively. Although
there were no significant differences in the overall tracking period, the adjusted HR of
CAD recurrence was still lower in patients in the EGD group (Table 3). In addition to CAD
recurrence, other covariates that may associate with outcome were further analyzed by
multivariable Cox regression, and increased adjusted HRs for ICU, mechanical ventilation,
and vasoconstrictor use were found in EGD-receiving groups (adjusted HR = 1.298, 1.134,
and 1.560, respectively). However, there was no statistical significance (p = 0.303, 0.486, and
0.762, respectively) (Table 4).
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Table 2. Factors of CAD recurrence in one month by using multivariable Cox regression.

Variables Adjusted HR 95% CI 95% CI p

EGD
Without Reference

With 0.855 0.793 1.352 0.411
Gender

Male 1.052 0.599 4.578 0.382
Female Reference

Age group (yrs) 1.372 0.956 1.981 0.392
Insured premium (NTD)

<18,000 Reference
18,000–34,999 0.000 - - 0.999

≥35,000 - - - -
DM type II

Without Reference
With 0.952 0.446 2.240 0.789
HTN

Without Reference
With 1.172 0.420 3.052 0.424

COPD
Without Reference

With 1.653 0.222 9.762 0.598
Dyslipidemia

Without Reference
With 0.965 0.242 3.802 0.755

Cancer
Without Reference

With 0.000 - - 0.744
Hemostasis

Without Reference
With 1.113 0.520 1.973 0.497
EVL

Without Reference
With 1.253 0.635 1.997 0.386

Clopidogrel
Without Reference

With 0.825 0.562 1.342 0.489
Aspirin
Without Reference

With 0.777 0.357 1.241 0.635
Urbanization level

1 (Highest) Reference
2 1.503 0.552 4.097 0.435
3 0.000 - - 0.999

4 (Lowest) 0.000 - - 0.999
Level of care

Hospital center 2.986 0.411 19.560 0.268
Regional hospital 1.872 0.184 11.435 0.562

Local hospital Reference
The abbreviations: hazard ratio (HR); confidence interval (CI); esophagogastroduodenoscopy (EGD); New Taiwan
dollar (NTD); diabetes mellitus (DM); hypertension (HTN); chronic obstructive pulmonary disease (COPD);
endoscopic variceal ligation (EVL).

The days to CAD recurrence in one month between the two groups with and without
EGD were 19.00 and 14.00, respectively, and the total average days to CAD recurrence in
one month were 15.44. There were no remarkably short intervals to CAD recurrence in the
study group (Table 5).
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Table 3. CAD recurrence by using multivariable Cox regression during the tracking period.

Tracking Period EGD Adjusted HR 95% CI 95% CI p

Overall (in 1 month) Without Reference
With 0.855 0.793 1.352 0.411

In 3 weeks Without Reference
With 0.834 0.693 2.111 0.653

In 2 weeks Without Reference
With 0.775 0.601 3.075 0.751

In 1 week Without Reference
With 0.712 0.567 4.235 0.850

The abbreviations: coronary artery disease (CAD); esophagogastroduodenoscopy (EGD); hazard ratio (HR);
confidence interval (CI).

Table 4. Other covariates of outcomes in 1 month by using multivariable Cox regression.

EGD Adjusted HR 95% CI 95% CI p

ICU Without Reference
With 1.298 0.796 1.896 0.303

Mechanical
ventilation Without Reference

With 1.134 0.675 1.813 0.486
Vasoconstrictors Without Reference

With 1.560 0.865 2.204 0.762
The abbreviations: esophagogastroduodenoscopy (EGD); hazard ratio (HR); confidence interval (CI); intensive
care unit (ICU).

Table 5. Days to CAD recurrence in one month.

EGD Min Median Max Mean ± SD

With 1.00 19.50 21.00 19.50 ± 2.12
Without 1.00 14.00 29.44 14.93 ± 9.96

Total 1.00 15.44 29.44 15.47 ± 9.45
The abbreviations: coronary artery disease (CAD); esophagogastroduodenoscopy (EGD); standard deviation (SD).

The Kaplan–Meier survival curve was used to analyze the cumulative survival of CAD
recurrence. It was demonstrated that patients who underwent EGD were not associated
with a significantly increased CAD recurrence rate compared with the control (Log-rank
test, p = 0.255) (Figure 2).
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4. Discussion

Most CAD cases showed improvement in the 28-day mortality and incidence rates of
recurrent CAD episodes after increased use of fibrinolytic agents. Use of antiplatelet agents
and heparin increased the risk of bleeding, especially UGI bleeding, which is usually caused
by antiplatelet agents. However, discontinuation of these agents in UGIB is a significant
concern for the development of CAD recurrence; hence, these drugs should be re-prescribed
as soon as possible [7]. Clinically, UGIB can be divided into overt and occult bleeding.
Patients with overt UGI bleeding commonly present with hematemesis and melena and are
prone to developing signs of active bleeding. Hence, EGD results in remarkably positive
effects and outcomes. In contrast, patients with occult bleeding may not be confronted with
high-risk conditions. Cases with occult bleeding are at a relatively lower risk of requiring
urgent endoscopy and discontinuation of anticoagulant therapy. As EGD is believed to be
liable to lead to CAD development, gastroenterologists may be reluctant to perform EGD in
the urgent situation of UGIB [8,9]. Whether CAD patients, who are prone to experiencing
cardiopulmonary complications, should receive EGD or not depends on their clinical status.
Among patients with epicardial coronary disease undergoing UGD, up to 16% are bound
to show electrocardiographic evidence of periprocedural CAD events [10]. Endoscopic
evaluation carries a higher-than-average risk in patients with recent CAD [11]. The severe
endoscopic complications rate when performing EGD in acute myocardial infraction is
approximately 1%, which is 10 times higher than routine EGD [1]. It was postulated that
approximately 42% of patients may suffer from silent ischemia, which has been correlated
to heartrate during EGD; thus, administration of β-blockers may be beneficial in this
condition [9].

To our knowledge, this is the first large-scale study to explore the EGD procedure in
recently-diagnosed CAD patients. We observed that EGD is a safe and beneficial procedure
in relatively stable patients without unnecessary delays. The latest randomized controlled
trial of early endoscopy for UGIB in CAD patients postulated that there was not a higher
complication rate for EGD as compared with medication alone [12]. However, being
different from other common severe complications such as gastrointestinal perforation or
hemorrhage, cardiopulmonary conditions are a major concern, especially in CAD patients
with decreased cardiopulmonary tolerance. The complication rate of EGD when performed
on day 0 was higher than that performed after 24 h in the hospital setting, but endoscopy
is more likely to be required sooner in sicker patients. Early endoscopy (more than 6 h
and less than 24 h) provides superior timing compared to emergent EGD (less than 6 h),
especially in nonvariceal bleeding conditions [8,13]. Rather than urgent UGD, a waiting
period for later UGD is rarely mentioned and depends on patient condition. However, some
studies suggest that it may be reasonable to wait up to a week after MI before performing
EGD. Moreover, clinicians may have adequate time to perform fluid resuscitation, blood
transfusion, and provide effective medication [14]. In our study, we performed a sensitivity
test for different timings (weekly intervals) to analyze CAD recurrence using multivariable
Cox regression. Our findings revealed that there was no significant difference between
different timings using “weeks” as the unit for the waiting period. However, we did observe
that the adjusted HR when performing UGD within one month was 0.855, which is slightly
higher compared to 1, 2, and 3 weeks (Table 3). CAD recurrence events were not correlated
with a waiting period for observation in clinical practice. Furthermore, we analyzed days
to CAD recurrence: the number of days to CAD recurrence for the total population was
15.47 ± 9.45 days; with EGD and without EGD the figures were 19.50 ± 2.12 days and
14.93 ± 9.96 days, respectively (Table 5). In the CAD study group, CAD events occurred the
most within 2 and 3 weeks, and there was no significant difference between the two groups.
Unstable hemodynamic conditions a few weeks after CAD recurrence may deteriorate
the cardiopulmonary condition of the patient. An observation period of 14–21 days after
CAD recurrence is still important when performing EGD in CAD patients. Hence, a
comprehensive evaluation before EGD is more important than performing endoscopy
immediately. In our observation, there were increased risks with other covariates such as
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intensive care unit admission, mechanical ventilation, or the use of vasoconstrictors, but
no statistical significance was observed. Although EGD was an important tool in UGIB
diagnosis, the sicker patients with EGD intervention led to more complications, especially
with multiple comorbidities. Risk stratification and gastrointestinal pathology confirmation
were essential for selection of the patients to receive EGD [15].

International consensus recommendations on the management of patients with non-
variceal upper GI bleeding indicate that EGD should not be delayed for more than 24 h
except in certain high-risk patients, such as those with acute coronary syndrome or a per-
foration [7]. With the recent advances in endoscopic techniques, the overall complication
rates of EGD in clinical practice have been reduced from 0.13% to 0.08% [16–20]. However,
performing endoscopy in peri-CAD accident settings, such as those related to insurance
premium, urbanization level, and level of care, remains worrisome. In our study case,
insurance premiums mostly ranged between NTD 18,000–34,999. However, this parameter
was not found to be significant when performing endoscopy in the peri-CAD accident
settings. Urgent endoscopic intervention was not correlated with increasing the cost of
patient’s care among CAD patients. The ratio of CAD patients receiving EGD in hospital
centers was relatively lower than those for regional and local hospitals. It was thought
that CAD patients in hospital centers may suffer from multiple morbidities, and criteria for
performing EGD would be stricter in consideration of the respective risk.

Despite efforts to control confounding factors, there is a number of limitations in
the present study. Firstly, the information obtained from the NHIRD regarding patient
characteristics was lacking in terms of detailed severity of CAD, medications used, and
treatment modalities. Secondly, thorough information regarding the diagnosis of patients
with CAD with UGIB was not disclosed in detail (e.g., hemoglobulin, coagulability). Thirdly,
despite review from a specialist, there was potential bias due complicated comorbidities
being missed. Further prospective studies may be required due to the retrospective nature
of this observational study.

5. Conclusions

Comprehensive studies before the investigation of EGD in concurrent UGIB patients
remain important. Different from common complications, cardiopulmonary complications
should be more alarming to endoscopists. When EGD is performed, CAD recurrence
is always an issue in recent episodes of peri-CAD accident settings while receiving care
management. However, our retrospective study reveals that there this condition is not
associated with an increased risk compared to normal populations, and a waiting period
may not be required. EGD investigations should be based on an individual basis.
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Abstract: Aim: Hepatocellular carcinoma (HCC) is one of the most common cancers. Tyrosine kinase
inhibitors (TKIs), including sorafenib (SOR) and lenvatinib (LEN), as well as immune checkpoint
inhibitors (ICIs), including nivolumab (NIVO) and pembrolizumab (PEMBRO), have been approved
for the treatment of advanced HCC. The aim of the study is to determine whether advanced-stage
HCC patients should receive a combination of TKI and ICI as first-line therapy. Methods: Data for
subjects with BCLC stage C HCC, who were receiving combining TKI and ICI as first-line therapy
at Taichung Veterans General Hospital from April 2019 to July 2021, were evaluated. The general
and therapeutic outcome data were collected and analyzed. Results: A total of 33 patients were
enrolled (8 SOR/NIVO, 4 SOR/PEMBRO, 11 LEN/NIVO, and 10 LEN/PEMBRO). All cases belonged
to Child-Pugh class A. The objective response rate was 48.5%, and disease control rate was 72.7%.
The average progression-free survival (PFS) and overall survival (OS) of all patients was 9.2 and
17.0 months, respectively. The use of PEMBRO, when compared with NIVO, had a significantly
positive impact towards achieving an objective response, defined as either complete response or
partial response (OR 5.54, p = 0.045). PFS and OS between the different TKIs or ICIs had no differences.
The most adverse event was fatigue (36.4%), and most cases were mild and manageable. Conclusion:
Combining TKI and ICI provides an acceptable antitumor efficacy in first-line therapy for advanced-
stage HCC patients. The survival outcomes between different TKIs or ICIs display no differences.

Keywords: hepatocellular carcinoma; immune checkpoint inhibitor; tyrosine kinase inhibitor

1. Introduction

Liver cancer, mainly hepatocellular carcinoma (HCC), is the most common liver
cancer, as well as a leading cause of cancer death globally [1]. For those with newly
diagnosed HCC, many patients are presented with an intermediate (Barcelona Clinic of
Liver Cancer stage B) or advanced stage (BCLC stage C) of the disease at their time of initial
diagnosis [2]. Regarding the advanced stage (BCLC stage C) HCC, tyrosine kinase inhibitor
(TKI) therapies play an essential role in the patient’s overall systematic therapy. Currently,
approved first-line TKI therapies include sorafenib (SOR) and lenvatinib (LEN), according
to meaningful phase 3 trials [3–5].

In the last few days, immune checkpoint inhibitor (ICI) therapies, including pro-
grammed cell death protein 1 (PD-1), programmed cell death protein ligand 1 (PD-L1),
and cytotoxic T lymphocyte antigen 4 (CTLA-4), were approved for the treatment of
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several human cancers [6]. Currently, anti-PD-1 agents, including nivolumab (NIVO) or
pembrolizumab (PEMBRO), are approved for treatment in unresectable HCC [7–10].

Lately, the IMbrave150 study, the combination of atezolizumab (anti-PD-L1 antibody)
and bevacizumab (anti-VEGF monoclonal antibody), was accepted as a promising first-line
treatment for advanced HCC [11]. These better results also suggest that there is a promising
future for combining TKI and ICI therapies in the treatment of advanced HCC. However,
the cost of atezolizumab and bevacizumab is high. Alternatively, another combination
therapy involving TKIs, including SOR and LEN, plus ICIs, including NIVO and PEMBRO,
have been better adapted in clinical practices.

The aim of the present study is to generate real-world data on patients with advanced-
stage HCC that have received a combination of TKIs and ICIs as first-line therapy.

2. Methods

Data for patients with BCLC stage C HCC, and who were receiving a combination of
TKIs and ICIs as first-line therapy at Taichung Veterans General Hospital from April 2019 to
July 2021, were evaluated. HCC was diagnosed according to the American Association for
the Study of Liver Disease (AASLD) guidelines [12]. All enrolled patients were categorized
as Child-Pugh class A. The exclusion criteria included those patients diagnosed with
Child-Pugh stage B or C, had an intolerance to combining therapy, a poor performance
status (Eastern Cooperative Oncology Group performance score ≥ 2), a survival period
of less than 2 months, and absence of a radiological images within the following day.
The characteristics of the enrolled patients, including age, gender, presence of chronic
hepatitis B (HBV), hepatitis C (HCV) infection, macroscopic vascular invasion (MVI), or
extrahepatic spread (EHS), were all collected. Their laboratory data, including serum
level of bilirubin, alanine aminotransferase (ALT), and alpha-fetoprotein (AFP), were also
recorded for each individual.

After administering combination therapy, the patients received regular follow-up in
the outpatient clinic every 2 weeks. The treatment of TKIs and ICIs usage was determined
by each patient’s hepatologist. The mean dosage of TKIs and ICIs for each enrolled subject
patient was also determined by each patient’s hepatologist according to each patient’s
clinical condition.

Tumor response, as seen on radiological dynamic images, was assessed every 8 weeks
by experienced radiologists. Treatment of TKI and ICI was discontinued once obvious
tumor progression was disclosed through subsequent imaging studies. The mean dosage
and therapeutic duration of TKIs and ICIs for each enrolled subject patient were subse-
quently recorded.

The best tumor response was assessed according to the modified RECIST (mRECIST)
criteria [13], which included complete response (CR), partial response (PR), stable disease
(SD), and progressive disease (PD). The patients showing either CR or PR were categorized
into the objective response group. The objective response rate (ORR) and disease control
rate (DCR) of patients’ tumors treated using combination therapy were calculated.

Adverse events were recorded as the appearance of hand-foot skin reaction (HFSR),
hypertension, diarrhea, or fatigue after administration of combination therapy. The associa-
tions between different TKIs; ICIs; clinical parameters, including age, gender, serum level of
AFP; presence of HBV, HCV, MVI, and EHS; and the efficacy of combination therapy were
analyzed. Progression-free survival (PFS) was defined as the time from start of combination
therapy administration to either radiological confirmation of tumor progression or death,
and presented as median value with a 95% confidence interval (CI). Overall survival (OS)
was defined as the time from start of combination therapy until death and also presented
as a median value with a 95% CI.
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Data are expressed as median and interquartile range (IQR) for each continuous
variable and a percentage of the total patient number for each category variable. Statistical
comparisons were made using Pearson’s chi-square test in order to compare category
variable parameters. Mann–Whitney test was adapted to analyze continuous variable
parameters. A p-value below 0.05 was defined as statistically significant. Survival analysis
was applied using the Kaplan–Meier method for univariate and multivariate analysis and
comparisons were subsequently performed with the log-rank test.

3. Results
3.1. Patient Characteristics

A total of 33 patients being treated with combination therapy were enrolled, with 8, 4,
11, and 10 cases receiving SOR/NIVO, SOR/PEMBRO, LEN/NIVO, and LEN/PEMBRO
respectively. The general data of these patients are shown in Table 1. Overall, the median
age was 66 years, with a male predominance (78.8%) being noted. The prevalence of
chronic HBV and HCV infection was 57.6% and 24.2% respectively. All cases belonged to
Child-Pugh class A and BCLC stage C. Sixteen (48.2%) and 19 patients (57.6%) had MVI
and EHS, respectively. The median value of AFP was 130 ng/mL, with 13 patients (39.4%)
having AFP ≥ 400 ng/mL at the baseline value prior to the administration of combination
therapy. There were 10 patients (30.8%) who experienced an AFP decrease over 10% from
the baseline value during the course of their combination therapy.

The mean oral daily doses of SOR and LEN were 366 mg and 7 mg respectively, while
the mean intravenous doses given every 2 to 3 weeks of NIVO and PEMBRO were 120 mg
and 158 mg, respectively. The mean usage duration periods of SOR, LEN, NIVO, and
PEMBRO were 7.1, 7.8, 10.8, and 7.9 months, respectively.

3.2. Best Radiological Response

The outcomes for the enrolled patients are listed in Table 2. The numbers of patients
with CR, PR, SD, and PD were 2 (6.1%), 14 (42.4%), 8 (24.2%), and 9 (27.3%), respec-
tively. Overall, the ORR was 48.5%, and the DCR was 72.7%. Regarding the individuals
treated with different combination therapy regimens, the patients receiving SOR/PEMBRO
(75.0%) had the highest ORR, followed by LEN/PEMBRO (70.0%), LEN/NIVO (51.8%),
and SOR/NIVO (25.0%).

Logistic analysis of the patients who achieved tumor objective response through
combination therapy is shown in Table 3. Clinical parameters including age, gender, viral
hepatitis; presence of MVI, EHS, and adverse effects; values of AFP; and different TKIs had
non-significant effects. In contrast, the use of PEMBRO, when compared with NIVO, had a
significantly positive impact (OR 5.42, 95% CI 1.19–24.52, p = 0.028), with the significance
still existing after being adjusted through multivariable analysis (OR 5.54, 95% CI 1.06–28.91,
p = 0.045).

3.3. Progression-Free Survival and Overall Survival

As shown in Figure 1, the PFS of all patients was 9.2 ± 6.4 months, and the OS
17.0 ± 6.3 months. Further analysis of both PFS and OS when stratified by different TKIs
or ICIs is shown in Figure 2. PFS was 9.1 ± 6.8 months and 9.3 ± 6.4 months, and OS
17.0 ± 7.1 months and 17.0 ± 6.2 months, in patients with SOR and LEN, respectively.
These differences were non-significant (p = 0.963 and 0.987). PFS was 9.6 ± 7.4 and
8.5 ± 4.4 months, and OS 17.4 ± 7.2 and 16.2 ± 4.6 months, in patients with NIVO and
PEMBRO, respectively. Similarly, these differences were insignificant (p = 0.214 and 0.197).
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Table 2. Best radiological responses.

All
(N = 33)

SOR/NIVO
(N = 8)

SOR/PEMBRO
(N = 4)

LEN/NIVO
(N = 11)

LEN/PEMBRO
(N = 10) p-Value

N % N % N % N % N %

mRECIST 0.279
CR 2 (6.1%) 0 1 (25.0%) 1 (7.4%) 0
PR 14 (42.4%) 2 (25.0%) 2 (50.0%) 3 (44.4%) 7 (70.0%)
SD 8 (24.2%) 2 (25.0%) 1 (25.0%) 4 (22.3%) 1 (10.0%)
PD 9 (27.3%) 4 (50.0%) 0 3 (25.9%) 2 (20.0%)

ORR 16 (48.5%) 2 (25.0%) 3 (75.0%) 4 (51.8%) 7 (70.0%) 0.145
DCR 24 (72.7%) 4 (50.0%) 4 (100%) 8 (74.1%) 8 (80.0%) 0.278

All p-values were analyzed with Pearson’s Chi-square test. Abbreviations: CR, complete response; DCR, disease
control rate; LEN, lenvatinib; N, number of patients; NIVO, nivolumab; ORR, objective response rate; PD,
progressive disease; PEMBRO, pembrolizumab; PR, partial response; SD, stable disease; SOR, sorafenib.

Table 3. Logistic analysis of each item to achieve objective response.

Univariate Analysis Multivariate Analysis

HR (95% CI) p-Value HR (95% CI) p-Value

Age (≤65 vs. >65 years) 1.87 (0.44–7.85) 0.395 1.07 (0.13–8.96) 0.948
Gender (male vs. female) 8.17 (0.85–77.97) 0.068 8.69 (0.66–114.26) 0.100

HBV (HBsAg + vs. −) 0.90 (0.23–3.58) 0.881
HCV (anti-HCV + vs. −) 4.50 (0.75–26.93) 0.099

AFP (≤400 vs. >400 ng/mL) 1.96 (0.47–8.11) 0.356
AFP decreased > 10% (yes vs. no) 1.64 (0.36–7.38) 0.521

MVI (yes vs. no) 0.42 (0.10–1.70) 0.224
EHS (yes vs. no) 0.55 (0.14–2.20) 0.394

TKI (LEN vs. SOR) 1.54 (0.37–6.45) 0.554 1.27 (0.15–11.09) 0.826
ICI (PEMBRO vs. NIVO) 5.42 (1.19–24.52) 0.028 5.54 (1.06–28.91) 0.042

HFRS (yes vs. no) 1.95 (0.43–8.82) 0.386
Hypertension (yes vs. no) 1.29 (0.10–3.27) 0.849

Diarrhea (yes vs. no) 1.09 (0.25–4.81) 0.908
Fatigue (yes vs. no ) 3.00 (0.92–23.45) 0.057

Abbreviations: AFP, alpha-fetoprotein; CI, confidence interval; EHS, extrahepatic spread; HBV, Hepatitis B; HCV,
Hepatitis C; HR, hazard ratio; ICI, immune checkpoint inhibitor; LEN, lenvatinib; MVI, microscopic vascular
invasion; N, number of patients; NIVO, nivolumab; PEMBRO, pembrolizumab; SOR, sorafenib; TKI, tyrosine
kinase inhibitor.

Figure 1. The survival time of hepatocellular carcinoma patients receiving combination therapy. (PFS,
progress free survival; OS, overall survival).

209



J. Clin. Med. 2022, 11, 4874

Figure 2. The survival time of hepatocellular carcinoma patients receiving different tyrosine kinase
inhibitors and immune checkpoint inhibitors. (LEN, lenvatinib; NIVO, nivolumab; OS, overall
survival; PEMBRO, pembrolizumab; PFS, progression free survival; SOR, sorafenib).

3.4. Adverse Events

The adverse events detected in each group are shown in Table 4. Overall, the preva-
lences of HFRS, hypertension, diarrhea, and fatigue were 30.3%, 18.2%, 30.3%, and 36.4%
respectively. All instances of hypertension occurred in the patients receiving LEN, while
the cases receiving SOR had a higher prevalence of HFSR.

Table 4. Adverse events of combination therapy.

All
(N = 33)

SOR/NIVO
(N = 8)

SOR/PEMBRO
(N = 4)

LEN/NIVO
(N = 11)

LEN/PEMBRO
(N = 10) p-Value

N % N % N % N % N %

HFRS 10 (30.3%) 4 (50.0%) 2 (50.0%) 1 (16.7%) 3 (30.0%) 0.208
Hypertension 6 (18.2%) 0 0 2 (18.2%) 4 (40.0%) 0.118
Diarrhea 10 (30.3%) 2 (25.0%) 2 (50.0%) 3 (27.3%) 3 (30.0%) 0.828
Fatigue 12 (36.4%) 2 (25.0%) 2 (50.0%) 5 (45.5%) 3 (30.0%) 0.721

All p-values were analyzed with Pearson’s Chi-square test. Abbreviations: HFRS, hand foot syndrome reaction;
LEN, lenvatinib; N, number of patients. NIVO, nivolumab; PEMBRO, pembrolizumab; SOR, sorafenib.

4. Discussion

HCC represents the most common type of cancer worldwide, with its incidence rate
continuously increasing. However, although screening programs diagnose numerous
HCCs at an early stage, still more than half of patients will be diagnosed at an advanced
stage [2]. SOR is a TKI, targeting mainly VEGFR2, PDGFR, and KIT [14]. In the SHARP trial,
SOR was associated with a significantly increased OS compared with patients receiving a
placebo (10.7 vs. 7.9 months; p < 0.001). Additionally, PFS was shown to be significantly
longer with SOR (5.5 vs. 2.8 months; p < 0.001) [3]. Similar efficacy was reported from the
Asia-Pacific trial (OS: 6.5 vs. 4.2 months; HR: 0.68; p = 0.014) [4]. Therefore, when treating
unresectable HCC, SOR has been used as the first systemic standard treatment since back
in 2007.

LEN is another available TKI, targeting VEGFR1–3, FGFR1–4, PDGFR, RET, and
KIT [15]. LEN was tested within the REFLECT trial, which acted as an open-label, mul-
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ticenter, noninferiority trial comparing SOR with LEN in previously untreated patients.
Although the study showed no significant improvements in median survival in the LEN
arm (13.6 vs. 12.3 months), there was still a significant improvement seen in tumor response
(ORR: 24.1 vs. 9.2%; p = 0.001) and time to progression (8.9 vs. 3.7 months; p < 0.0001) [5].
Currently, LEN has also been approved as a first-line treatment for patients with intermedi-
ate or advanced-stage HCC who have not received prior systemic therapy.

Unfortunately, regarding the current first-line TKIs for treating HCC, their disadvan-
tages include a low ORR, easier to tumor progression, and a lack of long-term survival.

ICI therapy, particularly antibodies targeting the programmed cell death-1 (PD-
1)/programmed cell death ligand-1 (PD-L1) pathway, represented a major breakthrough
in drug development for oncologists during the past decade. Anti-PD-1 or anti-PD-L1
monotherapy has been approved for the treatment of more than 10 cancer types, with ORRs
of 15–20% and good safety profiles being seen [6]. In the context of HCC, the CheckMate-
040 study, a nonrandomized Phase I/II study that included 56 therapy-naive patients,
suggested that NIVO may be meaningfully effective as first-line therapy for patients with
advanced HCC (ORR 13%; with 6- and 9-month survival rates of 89 and 82%) [7]. How-
ever, the phase III randomized CheckMate-459 study involving a total of 743 patients who
were receiving NIVO or SOR, disclosed no differences in either OS (16.4 vs. 14.7 months;
p = 0.0752) or PFS (3.7 vs. 3.8 months), although tumor response was slightly better for
NIVO (ORR: 15 vs. 7%) [10].

Similarly, for PEMBRO, the results of the Phase III randomized double-blind keynote-
240 trial involving a total of 413 patients receiving either PEMBRO or a placebo, noted
a non-significant OS (13.9 vs. 10.6 months; p = 0.0238, it did not meet the prespecified
boundaries of p = 0.0174) and PFS periods (3.0 vs. 2.8 months; p = 0.0022, it did not meet
the prespecified boundaries of p = 0.002) [9]. Based on the above studies, ICIs should not be
used in the routine care of patients with untreated advanced HCC. However, the combining
of TKIs and ICIs may be an alternative choice in the first-line treatment of advanced HCC.

Interstitial cells, including Kupffer cells; dendritic cells; liver endothelial cells; liver
stellate cells; and immunosuppressive cytokines, including IL-10 or TGF-β, may play an
important role in the development of the immunosuppressive environment of HCC. Com-
bining TKI and IO is expected to improve this immunosuppressive microenvironment [16].
Regarding experimental models for HCC, SOR, in combination with NIVO, showed a
stronger tumor growth inhibition as opposed to SOR or NIVO monotherapy [17]. In a
phase 1b trial, LEN plus NIVO in patients with unresectable HCC revealed a high ORR of
76.7% and an ability to manage adverse events [18]. A phase 1b trial involving LEN plus
PEMBRO as a first-line treatment for advanced HCC, reported an ORR as high as 36.0%
(95% CI 26.6–46.2%) with a tolerable safety profile [19]. Furthermore, a phase 3 trial for
the purpose of assessing the efficacy of the combination of LEN and PEMBRO as first-line
treatment for HCC is now also underway.

This open-label phase 3 IMbrave150 trial compared the combination of atezolizumab
and bevacizumab with SOR in untreated patients diagnosed with advanced unresectable
HCC. The ORR between the two approaches was 27.3% vs. 11.9%, with a 5.5% complete
response seen in the atezolizumab and bevacizumab group. The PFS was 6.8 months (95%
CI 5.7–8.3) for the atezolizumab/bevacizumab group, with the HR for mortality being 0.58
(95% CI 0.42–0.79; p = 0.001) in favor of atezolizumab/bevacizumab [11].

For our 33 patients receiving combination therapy as first-line treatment for advanced
stage HCC, the ORR and DCR were 48.5% and 72.7%, respectively, with the average PFS
and OS being 9.2 and 17.0 months, respectively. Radiological CR occurred in two patients
(6.1%). The antitumor results of our study were shown to be better than previous trials
involving monotherapy with TKI or ICI, and similar to studies using combination regimens.
The average dose of TKI (SOR 366 mg and LEN 7 mg per day) and ICI (NIVO 120 mg and
PEMBRO 158 mg every 2–3 weeks) administered to our patients was low, with the reasons
for that possibly being concern over drug-associated adverse effects and economic factors,
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as ICI treatment is not currently covered by national health insurance in Taiwan. Certainly,
the low doses of TKI and ICI may cause a negative impact on treatment efficacy for HCC.

Further analysis of our data determined that achieving an objective response was
significantly associated with different ICIs. The prescription of PEMBRO, when compared
with NIVO, had a significantly positive impact towards achieving tumor objective response
(OR 5.54, p = 0.045). This may be due to a relatively acceptable average dose of PEM-
BRO (158 mg every 3 weeks) when compared with NIVO (120 mg every 2 weeks). The
patients receiving NIVO and those receiving PEMBRO showed no differences in PFS (9.6
vs. 8.5 months; p = 0.214) or OS (17.4 vs. 16.2 months; p = 0.197). As for the different TKIs,
the antitumor responses were similar both in the radiological responses and survival time.

The most adverse events our patients experienced were fatigue (36.4%), followed by
HFSR (30.3%), diarrhea (30.3%) and hypertension (18.2%). Not surprisingly, HFRS usually
occurred in the patients receiving SOR, with all hypertension happening in the patients
receiving LEN. The incidences of adverse events in our patients are similar with previous
trials, with most being mild and manageable. However, the rate of adverse events in our
study may be underestimated due to its retrospective design. Additionally, our enrolled
patients followed good compliance to combination therapy, so because certain individuals
who experienced severe adverse events were excluded, their data may have been excluded.
Besides, some data about immune-related adverse events (IRAEs), such as pneumonitis,
thyroiditis, or hepatitis, may be missed in our study.

There were several limitations to our study. First, this study was designed as being
retrospective and was conducted at a single tertiary care center. Selection bias may therefore
have existed. Second, only subjects diagnosed with Child–Pugh class A and BCLC stage
C HCC were enrolled in our study. Third, our sample size was small and the follow-up
period was short. Four, alcohol consumption or other underlying diseases, such as immune
diseases and non-alcoholic fatty liver disease (NAFLD), may influence the therapeutic
response of the enrolled patients, and these data were unavailable in our study. Lastly,
no sufficient data surrounding the regimen of atezolizumab/bevacizumab was obtained
and compared. Further prospective research involving the analysis of more variables is
therefore warranted.

5. Conclusions

Combining TKIs and ICIs provides an acceptable antitumor efficacy in first-line ther-
apy for advanced-stage HCC. The use of PEMBRO, as compared with NIVO, makes it
easier to achieve a tumor-objective response. The survival outcomes seen between either
different TKIs or ICIs show no differences.
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Abstract: In patients with Crohn’s disease (CD) that underwent surgery, predictive factors of surgi-
cal recurrence have been only partially identified. The aim of our study was to identify potential
factors associated with an increased risk of surgical recurrence. A monocentric retrospective obser-
vational study was conducted including patients diagnosed with CD, according to ECCO criteria
who received their first ileocolic resection. Overall, 162 patients were enrolled in our study; 54 of
them were excluded due to a lack of sufficient data. The median follow-up was 136.5 months, IQR
91.5–176.5, and the surgical recurrence rate after the median follow-up was 21.3%. In the multivariate
analysis, an age ≤ 28 years at the first surgical resection (aHR = 16.44, p < 0.001), current smoking
(aHR = 15.84, p < 0.001), female sex (aHR = 7.58, p < 0.001), presence of granulomas at local lymph
nodes (aHR = 12.19, p < 0.001), and treatment with systemic corticosteroids after the first surgical
resection (aHR = 7.52, p = 0.002) were factors significantly associated with a risk of surgical recurrence,
while cryptitis resulted in a protective factor (aHR = 0.02, p < 0.001). In conclusion, the heterogeneous
spectrum of factors associated to the risk of surgical recurrence in patients with CD that underwent
ileocolic resection supports the need of a personalized follow-up taking into account different clinical,
surgical, and histologic features.

Keywords: cryptitis; granulomas; inflammatory bowel diseases; IBD

1. Introduction

Crohn’s disease (CD) is a chronic inflammatory disorder that can affect any segment
of the gastrointestinal tract, from the mouth to the anus [1]. The etiopathogenesis of CD
is still largely unknown; likely, the disease is the result of the interaction between genetic
susceptibility, environmental factors, and intestinal microbiome, which lead to an abnormal
mucosal immune response and to an impairment of the intestinal barrier function [2–4].

Despite recent advances in the medical therapy of CD, approximately 70% patients
will undergo surgery, and more than 20% of them will experience surgical recurrence after
10 years [5,6]. Worthy of mention is the risk of developing short bowel syndrome in patients
with CD undergoing multiple resections; approximately 60% of CD patients with short
bowel syndrome are permanently dependent on parenteral nutrition [7].

An early study published in 1981 already reported a 50% reoperation rate in 146 pa-
tients with CD at 14 years after first surgery [8]. Subsequently, in a larger cohort of
639 patients that required surgical intervention for their CD, a recurrence rate of 34% at
10 years has been reported; the number of intestinal sites involved was associated with the
intra-abdominal recurrence rate, while the perineal disease was associated with the risk
of local recurrence [9]. Though recurrence usually affects the site of the original surgery,
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one-third of recurrences occur elsewhere in the bowel according to the intervention site
and operative technique [10].

To date, several studies investigated factors associated with surgical recurrence, mainly
focusing on clinical and surgical features. Despite being controversial, data such as family
history, smoking habit, age at surgery, type of surgical intervention, and subsequent type
of medication have been suggested as risk factor for reoperation [11–14]. However, to the
best of our knowledge, data on the association between histopathological features and the
risk of surgical recurrence are scanty.

The purpose of our study was to identify potential predictive factors, related to the
clinical characteristics of the patient, the characteristics of the disease, the anatomopatho-
logical characteristics of the resected intestinal tract and the surgical technique, associated
with an increased risk of long-term surgical recurrence in patients with CD that underwent
ileocolic resection.

2. Materials and Methods
2.1. Patients

In this single-center study, we retrospectively enrolled patients with CD in follow-up
(FU) at the outpatients clinic of the Unit of Gastroenterology of “Città della Salute e della
Scienza di Torino–Molinette” Hospital, Turin, Italy, that underwent first ileocolic resection
between 2000 and 2013.

The study inclusion criteria were: diagnosis of CD according to the criteria of the
European Crohn’s and Colitis Organization (ECCO) [15,16] and first surgery for right ileo-
colic resection performed at the General Surgery of the “Città della Salute e della Scienza
di Torino–Molinette” Hospital. Exclusion criteria were: lack of data on post-surgery FU,
lack of data concerning anatomopathological examination, lack of data on type of surgical
procedure, and surgery other than right ileo-colic resection.

For all patients included, we collected the following data: age, sex, smoking habit,
family history of IBD, clinical history (i.e., age at diagnosis, age at first resection, disease lo-
cation, and behavior), medical therapy administered after the first surgery (i.e., mesalamine,
thiopurine, systemic steroids, and biologics), features related to the surgical intervention
(i.e., length of bowel resection, type of surgical intervention, type of anastomosis performed,
and temporary or permanent ostomy), and anatomopathological characteristics (i.e., steno-
sis, fistulas, pseudopiloric metaplasia, basal plasmacytosis, granulomas at loco-regional
lymph nodes, surgical margin, degree of inflammation, hyper-eosinophilia, colonic micro-
scopic inflammation, reactive lymphoid hyperplasia, cryptitis, serositis, perivisceritis, and
inflammatory pseudopolyps). Hematoxylin eosin saffron stain was applied to full-thickness
3-mm sections of paraffin blocks of the ileal border. An experienced pathologist examined
each part (G. C.). To evaluate CD-related lesions affecting each layer of the intestinal wall,
an analytical grid was created (mucosa, submucosa, and subserosa or muscularis). We mea-
sured the length of the ileal resection for each patient (in centimeters) and the separation
between the ileal margin and the first CD mucosal ulceration seen by the pathologist on the
opened material for macroscopic inspection (in centimeters). If CD’s mucosal ulcerations
were seen on the ileal margin, the margin was considered to be “macroscopically impacted”.

2.2. Statistical Analysis

All data were collected in a dedicated Microsoft Excel® database. Statistical analysis
was performed using MedCalc Statistical Software version 18.9.1 (MedCalc Software bvba,
Ostend, Belgium).

The distribution of continuous variables was checked by D’agostino–Perason test
(p < 0.05 = reject normality). According to data normality, continuous variables were
reported as mean ± standard deviation (SD) or as median and interquartile range (IQR).
Categorical variables were expressed as frequencies (n) and percentage (%). Survival
curves were calculated according to the Kaplan–Meier method; differences between sur-
vival curves were assessed by the Log-rank test. Univariate and multivariate analysis for
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variables associated to the risk of surgical recurrence was performed by Cox proportional-
hazard regression; the strength of association was reported as Hazard Ratio (HR) with
the corresponding 95% confidence interval (CI). In order to check for potential interaction
among variables, all variables were tested at multivariate Cox regression, irrespectively
from the statistical significance at univariate analysis; by a backward approach, we first
entered all variables into the model and next removed the non-significant variables sequen-
tially.

For all analyses, a p value < 0.05 was considered statistically significant.

3. Results

A total of 162 medical records from patients with CD that underwent ileocolic resection
between 2000 and 2013 were evaluated. Overall, 54 patients were excluded due to the lack
of data (n = 52) or lost to FU (n = 2). Of the 108 patients included in the study, 36 of them
had at least one surgical recurrence (33.3%); the baseline characteristics are reported in
Table 1.

Table 1. Baseline characteristics of the patients included in the study.

Characteristics n = 108

Age at first surgery (years), mean ± SD 38.8 ± 13.8
Age at CD diagnosis (years), median (IQR) 28.5 (22.0–45.0)

Sex (M/F), n 60/48
Smoking habit (current/ex/never), n (%) 54 (50.0%)/22 (20.4%)/32 (29.6%)

Family history of CD, n (%) 20 (18.5%)
Colonic involvement, n (%) 54 (50.0%)

Upper gastrointestinal tract involvement (L4), n (%) 1 13 (12.0%)
1 L4, any location proximal to the terminal ileum, except the mouth. Abbreviations: Crohn’s disease (CD),
interquartile range (IQR), female (F), male (M), number (n), standard deviation (SD).

The median FU was 136.5 (91.5–176.5) months; at 137 months, 23 (21.3%) patients had
surgical recurrence (Figure 1). To note, among the thirty-six patients with surgical recur-
rence, ten (27.8%) experienced more than one recurrence: six (16.7%) patients underwent
two ileocolic resections, two (5.6%) underwent three ileocolic resections, and two (5.6%)
patients underwent four ileocolic resections.

In the univariate analysis, we observed different cumulative incidences of surgical
recurrence according to age at CD diagnosis ≤ 27 years (Log-rank test, p = 0.040), age at
first surgery ≤ 28 years (Log-rank test, p = 0.001), current smoking status (Log-rank test,
p = 0.001), and administration of systemic steroids after surgery (Log-rank test, p = 0.002)
(Figure 2). Interestingly, in the multivariate Cox regression analysis, we observed that an
age ≤ 28 years at the first surgical resection (aHR = 16.44, p < 0.001), current smoking
(aHR = 15.84, p < 0.001), female sex (aHR = 7.58, p < 0.001), cryptitis (aHR = 0.02, p < 0.001),
presence of granulomas at the local lymph nodes (aHR = 12.19, p < 0.001), and treatment
with systemic corticosteroids after the first surgical resection (aHR = 7.52, p = 0.002) were
factors significantly associated with the risk of surgical recurrence (Table 2).
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recurrence-free, compared to the 75.5% of patients with age ≤ 27 years at CD diagnosis (A), the 84.6%
of patients with age > 28 years at first surgery was surgical recurrence-free as compared to the 66.7%
of patients with age ≤ 28 years at first surgery (B), the 90.1% of former/never smokers was surgical
recurrence-free as compared to the 68.7% of current smokers (C), and the 92.7% of patients that did
not receive systemic steroid therapy was surgical recurrence-free as compared to the 70.9% of patients
administered with systemic steroid therapy (D).

Table 2. Univariate and multivariate Cox regression analysis of factors associated to surgi-
cal recurrence.

Variables Univariate
(HR; 95% CI) p Value Multivariate *

(aHR; 95%CI) p Value

Age at first surgery ≤ 28 years 2.95 (1.52–5.76) 0.001 16.44 (4.63–58.34) <0.001
Age at CD diagnosis ≤ 27 years 1.98 (1.01–3.90) 0.048 / /

Female sex 1.24 (0.64–2.40) 0.530 7.58 (2.50–22.99) <0.001
Current smoker 3.28 (1.59–6.78) 0.001 15.84 (4.80–52.23) <0.001

Family history of CD 0.84 (0.36–1.96) 0.840 / /
Colonic involvement 0.57 (0.29–1.12) 0.100 / /

Upper gastrointestinal tract
involvement (L4) 1.63 (0.63–4.27) 0.310 / /

Perianal lesions 1.29 (0.60–2.76) 0.510 / /
Fistulas 0.68 (0.34–1.34) 0.260 / /
Stenosis 0.70 (0.29–1.72) 0.440 / /

Laparoscopic resection 1.14 (0.27–4.78) 0.860 / /
Length of bowel resection (cm) 1.01 (0.99–1.02) 0.500 / /
Surgical margins involvement 1.11 (0.49–2.50) 0.800 / /

Temporary ostomy 0.52 (0.20–1.34) 0.180 / /
Cryptitis 0.49 (0.17–1.38) 0.180 0.02 (0.00–0.11) <0.001
Plexitis 2.06 (0.62–6.82) 0.240 / /

Sierositis 0.97 (0.46–2.02) 0.930 / /
Perivisceritis 0.23 (0.03–1.68) 0.150 / /

Colonic microscopic
inflammation 0.56 (0.28–1.13) 0.110 / /

Granulomas at loco-regional
lymph nodes 2.16 (0.98–4.77) 0.056 12.19 (3.27–45.46) <0.001

Reactive lymphoid hyperplasia 1.44 (0.69–3.00) 0.330 / /
Hyper-eosinophilia 2.68 (0.36–19.90) 0.330 / /

Pseudopiloric metaplasia 0.23 (0.03–1.68) 0.150 / /
Inflammatory pseudopolyps 0.64 (0.19–2.09) 0.460 / /

Anti-TNF administration 0.63 (0.29–1.36) 0.240 / /
Thiopurine administration 0.55 (0.27–1.12) 0.100 / /

Corticosteroid administration 4.07 (1.57–10.55) 0.002 7.52 (2.15–26.22) 0.002

* Multivariate Cox regression analysis was performed with a backward approach. Abbreviations: adjusted hazard
ratio (aHR), Crohn’s disease (CD), confidence interval (CI), hazard ratio (HR), tumor necrosis factor (TNF).

4. Discussion

In the present study, we investigated the surgical recurrence rate in patients with
CD and potential predictors of surgical recurrence. In agreement with the literature data,
we observed that the 21.3% of our patients had surgical recurrence during a median FU
of 136.5 months; the age at first surgery, female sex, smoking habit, cryptitis, presence
of granulomas at loco-regional lymph nodes, and systemic corticosteroid administration
after the first surgery resulted in independent predictors of surgical recurrence. As a
matter of fact, our results are somehow consistent with those reported in a seminal study
published in 2006, where the authors observed that the requirement for steroid use, an
age < 40 years at CD diagnosis, and the presence of a perianal disease were all independent
factors associated with a disabling disease course, whose definition included intestinal
resection [17].
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Among patients-related variables, a smoking habit is a well-known risk factor asso-
ciated to CD development, with a four-fold higher risk of CD development in current
smokers in comparison to subjects that had never smoked [18]. Here, we observed that
current smoking was one of the strongest predictors of surgical recurrence; our results
agree with the study of Unkart and colleagues [11], that reported a higher risk of second
ileo-colectomy for current smokers at the time of first surgical intervention (HR = 2.08,
p = 0.023). Taken together, these results highlight that smoking not only has a significant
impact on CD development, but also on the progression of the disease, increasing the risk
of further surgery. Additionally, a younger age at first surgery, probably as a surrogate of a
more aggressive disease, was associated with an increased risk of surgical recurrence; our
results agree with the study of Wang and colleagues where it was reported that an early
age at first CD surgery (OR = 1.12, p < 0.001) predicted a higher surgical recurrence risk [19].
Finally, we found that the female sex was associated to surgical recurrence; to date, sex has
been evaluated in several studies, but most found no difference between the sexes [20].

Among histology-related factors, we observed that cryptitis was associated with a
reduced risk of surgical recurrence. A previous French study investigated the association
between histologic features of the ileal margin with disease recurrence in a cohort of
211 patients with ileal or ileocolonic CD; contrarily to our findings, the authors pointed out
that transmural lesions were associated with an increased risk of post-operative recurrence
(endoscopic recurrence, OR = 3.83, p = 0.008; clinical recurrence, OR = 2.04, p = 0.026) [21].
Together with the paucity of the available evidence, it is likely that the differences in the
clinical characteristics among the study cohorts and the different study endpoints could
have led to conflicting results. Further studies are needed to better elucidate this aspect.
Concerning the presence of intestinal granulomas in tissue specimens, a 2010 meta-analysis
of 22 studies (2236 patients) reported an association between granulomatous CD and an
increased risk of recurrence and reoperation [22]. In addition, a subsequent study found
that the presence of granulomas in the mesenteric lymph node was a significant risk factor
for both postoperative endoscopic (p = 0.015) and surgical recurrence (p = 0.035) [23]. These
results are consistent with our findings, where the presence of granulomas at loco-regional
lymph nodes was independently associated with an increased risk of surgical recurrence
(aHR = 12.19, p < 0.001). Furthermore, the presence of granulomas in resection specimens
has been recognized as a risk factor for post-operative recurrence by the ECCO guidelines,
together with smoking, the absence of prophylactic treatment, a penetrating disease at index
surgery, a perianal location, and myenteric plexitis [24]. However, it must be acknowledged
that the definition of post-operative recurrence varies greatly among studies. Indeed, CD
recurrence could be considered clinical, endoscopic, radiological or surgical; our study was
focused on surgical recurrence only, thus contributing to explain the discrepancies between
our results and those from previous studies.

Finally, concerning medications, we observed that patients treated with systemic
corticosteroids after surgery were those with a higher incidence of surgical recurrence
(aHR = 7.52, p = 0.002). This result could be explained by the fact that patients receiving
systemic corticosteroids had a more aggressive post-surgical disease phenotype, thus being
intrinsically at risk of disease progression, including surgical recurrence.

Our study has some limitations that should be acknowledged. Firstly, given the
retrospective nature of the study, we cannot rule out possible biases related to data loss;
furthermore, the wide observation period (2000–2013) may have led to non-homogeneous
data collection over time. In addition, data on extraintestinal manifestations were not
systematically available for all patients; though CD patients with liver involvement (such
as primary sclerosing cholangitis) could have a phenotypical and clinical pattern that
sharply differs from patients with CD alone [25]. For the abovementioned reason, we were
not able to investigate this aspect in our series. Secondly, the number of patients included
in the study was relatively small, which may have had an impact on the lack of statistical
significance for variables such as perianal diseases and the presence of fistulas, which
have been consistently identified as risk factors for surgical recurrence by previous studies.
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Lastly, the single-center study design may represent an additional limitation. Nevertheless,
all patients included in the study were followed with regular scheduling by the same
gastroenterologist (M.A.), surgical procedures were performed by the same surgeon (A.R.),
and histologic examination was performed by the same pathologist (G.C.), thus allowing
to avoid any potential operator-dependent bias.

5. Conclusions

In conclusion, we observed a heterogeneous spectrum of factors associated to the
risk of surgical recurrence in CD patients that underwent ileocolic resection. In particular,
other than patient- and surgical-related factors, the presence of granulomas in loco-regional
lymph nodes could represent an additional risk factor for surgical recurrence. In patients
with CD with past surgical history, a personalized follow-up taking into account different
clinical, surgical, and histologic features is mandatory to identify patients at the highest
risk of surgical recurrence.
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Abstract: Vagus nerve stimulation (VNS) is an accepted therapy for the treatment of refractory forms
of epilepsy and depression. The brain–gut axis is increasingly being studied as a possible etiological
factor of chronic inflammatory diseases, including inflammatory bowel diseases (IBD). A significant
percentage of IBD patients lose response to treatments or experience side effects. In this perspective,
VNS has shown the first efficacy data. The aim of this narrative review is to underline the biological
plausibility of the use of VNS in patients affected by IBD, collect all clinical data in the literature, and
hypothesize a target IBD population on which to focus the next clinical study.

Keywords: ulcerative colitis; Crohn’s disease; acetyl-choline; IL-1β; corticotropin-releasing factor;
central autonomic network; cholinergic anti-inflammatory pathway; α7 nicotinic ACh receptor; Cyberonics

1. Introduction

Inflammatory bowel disease (IBD) is an organic disorder that is typically categorized
into CD and UC. While UC exclusively affects the rectum and the colon, CD can affect the
entire digestive tract, from the mouth to the anus. IBD begins early in life (between 15 and
30 years) and progresses through flare-ups alternated with remissions of varying lengths.
Genetic, immunologic, viral, and environmental variables all play a role in the complex
pathophysiology of IBD [1]. Despite the presence of more and more new mechanisms of
action, we are far from being able to cure these diseases. Furthermore, such drugs must
be taken for a long time (if not for life), leading many patients to search for non-drug
alternatives. In this review, we want to explore the potential of the vagus nerve (VN) and
its stimulation as a possible new therapeutic weapon in IBD.

The vagus nerve (VN), an X pair of cranial nerves (also called the pneumogastric
nerve), arises from the brain stem (including the pons, medulla oblongata, and midbrain),
leaves the medulla oblongata, and travels down the chest and abdomen, passing through
the jugular foramen.

The VN provides parasympathetic nerves to the digestive tract and pancreas, including
70–80% of sensory fibers; it is defined as a mixed sensory–motor nerve [2]. The system
mainly recognizes two ganglia: the superior (jugular), which provides general sensation,
and the inferior, which sorts the visceral and special sensation. In simplified anatomical–
functional terms, the system recognizes efferent and afferent fibers. The former originates
from the medullary dorsal motor nucleus and innervates the digestive tract from the
esophagus to the splenic flexure, opposing the left colon and rectum, innervated by the
S2-S4 sacral parasympathetic nucleus. This second-order neuron, a true “second brain”
or “gut brain”, is a crucial component of the enteric (or intrinsic) neural system in the
digestive tract, ensuring the motor and secretory autonomy of the digestive tract [3], with
direct interaction with mast cells in the gut mucosa [4]. Notably, these efferent fibers are not
anatomically connected with the intestinal lamina propria but are so with enteric neurons;
these, in turn, can release acetyl-choline (ACh), a swinging modulator of muscarinic and/or
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nicotinic receptors. The afferent fibers originate from the mucosa and the muscular masses
of the digestive tract: the relevant cells belong to the nodose ganglia, conveying information
to the nucleus of the solitary tract and the postrema area in close relationship with the dorsal
motor nucleus, giving rise to the complex dorsal vagal. Autonomic, endocrine, and limbic
responses all depend on this complex relationship. Relevant information is extended to the
amygdala, hypothalamus, and cortex through the main hypothalamic–pituitary–adrenal
arm (discussed below) [5].

2. The Afferent Vagus and the Hypothalamic–Pituitary–Adrenal Anti-Inflammatory
Pathway

For the purpose of maintaining homeostasis, research from the 20th and 21st centuries
has identified the neuroendocrine route as the activation signal for endocrine, neural,
and behavioral responses, allowing varying levels of innate defense (e.g., non-acquired
immunity as opposed to acquired immunity). The VN, a key node in the defensive path, is
now considered a cytokine receptor, including interleukin (IL)-1, IL-6, and tumor necrosis
factor (TNF)-α. The protagonists, in the last decades, of the most typical pictures of
experimental and spontaneous septic shock, IL-1, IL-6, and TNF-α are the cytokines that
are the protagonists of translational research.

In extreme analysis, the afferent vagal tracts exert a specific anti-inflammatory action
based on the following points:

1. The vagal afferents are equipped with IL-1β receptors at the paraganglia level [6].
2. From here, the information is conveyed to the core of the solitary tract.
3. Through the paraventricular nucleus of the hypothalamus, the information is then

extended to populations of specific neurons that release CRF (corticotropin-releasing
factor) [7].

4. The final task of these neurons is, therefore, to favor the release of the pituitarya-
drenocorticotropic hormone (ACTH), which, as known, can, in turn, mediate the
production and release of adrenocorticoids from the adrenal gland, having established
anti-inflammatory effects (hypothalamic–pituitary–adrenal axis, HPA) (Figure 1).
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The in-vivo importance of this anti-inflammatory vagal pathway is demonstrated
by the distorted response to inflammogenic stimuli exhibited by vagotomized animals.
Through its afferents, the VN may identify microbial metabolites and transmit this in-
formation to the central autonomic network (CAN), which can subsequently respond
appropriately or inappropriately to the intestinal input and the microbiota [8].

The Vagus Nerve at the Microbiota–Gut–Brain Axis Interconnection

The human gut is home to 1013 to 1014 bacteria; it has 100 times more genes than our
genome and much more than our body’s cells. The microbiota weighs roughly 1 kg in
humans, which is equivalent to the weight of the human brain. The microbiota–gut–brain
axis has been proven to be a communication pathway between the gut, the microbiota,
and the brain [9,10]. Different gastrointestinal pathogenic disorders, such as IBD, are
characterized by dysbiosis [11]. A crucial part of this microbiota–gut–brain axis is the VN.
The microbiota’s interactions with digestive endocrine cells, which release serotonin and
act on vagal afferents’ 5-HT3 receptors, can indirectly activate it [8]. By detecting small-
chain fatty acids (SCFAs) and/or gut hormones, vagal chemoreceptors are likely engaged
in the communication between the microbiota and the brain [12]. In fact, Lactobacillus
johnsonii intraduodenal injections increased stomach VN activity [13]. Chronic Lactobacillus
rhamnosus treatment in healthy mice caused changes in GABA brain expression that were
greater in the cingulate cortex and smaller in the hippocampus, amygdala, and locus
coeruleus. These mice also showed a decrease in stress-related corticosterone levels as
well as anxiety- and depression-related behavior. After vagotomy, these effects were not
seen [14].

3. The Anti-Inflammatory Cholinergic Vagal Pathway (CAIP: Cholinergic
Anti-Inflammatory Pathway)

If the previously mentioned hypothalamic–pituitary pathway inhibits inflammation by
an afferent mechanism, it might be balanced by an efferent pathway, described by Tracey’s
group in 2003 and reappraised in 2015. In this model, we speak of an “inflammatory reflex”,
a sort of diastaltic arch where afferent vagal fibers activate their corresponding efferent
ways. The following concepts were derived from an animal model of septic shock after
intravenous injections of lipopolysaccharide: the shock was inhibited by stimulation of a
dissected vagal terminal. Subsequent studies then identified ACh as the mediator released
by the dissected terminal, demonstrating, in this context, the property of ACh to inhibit
the release of shock effectors (IL-1, TNF-α, etc.) through the binding of ACh itself with
the α7 nicotinic ACh receptor (α-7-nAchR) on macrophages [15]. Through the activation
of α-7-nAchR, parasympathetic innervation of the gut contributes to the neuroimmune
control of the intestinal barrier. It interacts with innate immune cells, myenteric neurons,
and resident macrophages that express α7nAChR while acting on enteroglial cells [16].

Incidentally, these data can have an important translational value for gastroenterol-
ogists. In fact, the known protective effect of smoking on ulcerative colitis (UC) and, by
contrast, the serious relapses in ex-smokers can be explained by the anti-inflammatory effect
resulting from the link between vagal ACh and intestinal macrophages [17]; on the other
hand, the lack of this effect, indeed, the negative effect of smoking in Crohn’s disease (CD),
could suggest a different immunological status of the competent cells in CD. By contrast,
there is a link between vagotomy and subsequent CD, demonstrating the importance of
VN integrity in CD prevention [18].

On the other hand, academic rather than clinical issues are those raised by questioning
the way by which vagal terminals and intestinal macrophages come in contact. If the
evidence is that vagal fibers do not “physically” contact intestinal immunocytes, the nature
of these other cells is far from clear as well. Two theories, none of which currently prevail,
argue that vagal fibers interact with special intestinal neuronic targets or that splenic
sympathetic activation comes into play. Norepinephrine (NE), which binds to the two
adrenergic receptors of splenic lymphocytes and releases ACh, is released from the distal
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end of the splenic nerve. ACh then prevents spleen macrophages from releasing TNF-α
through α-7-nAchR [19]. The idea of a non-neural connection between the vagus and
splenic sympathetic nerves was put forth by Martelli et al. [20]. They hypothesized that
the essential α7-containing nicotinic receptor is placed not on the cell bodies but on the
peripheral terminals of the splenic sympathetic nerves. These nerves produce NE in
response to ACh from entering T-cells, which then inhibits the generation of TNF-α by
splenic macrophages by acting on their β2 adrenergic receptors (Figure 2).
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Intestinal macrophages are a diverse group of innate immune cells that not only play
a significant part in host defense but also sustain the tissue in which they are found [21].
Depending on where they are located in the gut, tissue macrophages have varied roles,
unique cell dynamics, and unique physical characteristics [22]. For instance, the lamina
propria is home to the majority of the intestine’s macrophages. These cells, which are
identified by the expression of the CX3CR1 receptor, are situated close to the intestinal
epithelium layer, where they monitor the environment, phagocytose potentially harmful
antigens [23], and support epithelial cell renewal by secreting a number of mediators [24].
The lamina propria macrophages can also develop tolerance to food antigens and prevent
excessive inflammation against safe commensal microorganisms, thanks to the production
of anti-inflammatory cytokine receptors such as IL-10 [25,26]. In contrast to the lamina
propria, the muscularis externa contains macrophages that are arranged in a complex
network near the myenteric plexus. The latter represents the intrinsic innervation of the
intestine, also known as the enteric neural system, along with the submucosal plexus.
Intense reciprocal cross-talk is created by the near proximity of immune cells, particularly
muscularis externa macrophages, to nerve fibers in the gut wall. This cross-talk is regulated
by a complex combination of neurotransmitters, cytokines, and hormones [27,28]. In a
mouse model of colitis, the severity of colitis was made worse by the adoptive transfer
of macrophages from vagotomized mice into macrophage colony-stimulating factor 1
(MCSF 1)-deficient animals, indicating the crucial function of macrophages in the vagal
anti-inflammatory effect [29].
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Regarding the anti-TNF action of the VN, this effect of the VN is indirect, through
contact with neuronal nitric oxide synthase (nNOS), choline O-acetyltransferase (ChAT),
and vasoactive intestinal peptide (VIP) enteric neurons situated within the bowel muscu-
laris mucosae; these neurons have nerve ends proximal to the resident macrophages [30].
T-cells that have been activated suppress macrophages systemically: additionally, they
might move and reduce inflammation in regions that are not innervated by the VN [31].

By reducing intestinal permeability and modifying local immunity, the VN, through
the CAIP, could modify the intestinal microbiota [8].

4. Possible Role of Vagus Nerve Stimulation in Chronic Inflammatory Bowel Disease

The demonstration that the vagal system affects inflammation regulation has endorsed
exploratory attempts at therapeutics. Neuromodulation suggests using devices to control
the nervous system’s electrical activity in order to restore organ function and health, par-
tially avoiding toxicity, collateral damage, and poor compliance [32]. Epileptic syndromes,
depression, and chronic gastroenterological and rheumatological disorders were initially
the main targeted fields. In the late 19th century, vagus nerve stimulation (VNS) was first
employed to treat epilepsy. VNS is now authorized for the treatment of depression and
refractory epilepsy. With rising efficacy of up to 10 years, VNS, used to treat drug-resistant
epilepsy, drives a 50% reduction in seizure frequency and intensity in 40–60% of patients,
demonstrating that this treatment is a slow-acting therapy [33].

In gastroenterology, clinicians have focused on inflammatory bowel disease (IBD).
IBD is characterized by an imbalance of the autonomic nerve system, vagal dysfunction in
UC [34], and sympathetic dysfunction in CD [35], which may contribute to its pathogenesis.
High serum TNF-α levels and salivary cortisol levels were connected with low vagal tone
in CD patients, supporting the idea that the HPA axis and the autonomic nervous system
are out of balance [36].

Positive correlations between vagotomies and subsequent IBD have been found, and
this is especially true for CD, which highlights the importance of VN integrity in the
prevention of IBD [18]. Hence, it stands to reason that in those who are at risk, the degree of
vagal tone is a good indicator of the emergence of an inflammatory illness. Vagal hypotonia,
which, in turn, keeps this inflammatory state in place, can be caused by the systemic
inflammation seen with IBD or other chronic inflammatory illnesses. Furthermore, due
to its central effects, persistent inflammation can cause depression, which, in turn, might
trigger an inflammatory flare-up of the illness [37,38].

In two early studies, Lindgren et al. measured the cardiac responses to tilt (acceleration
and brake index) and deep breathing (E/I ratio) in 40 UC and 33 CD patients to assess
autonomic nerve function. They discovered sympathetic dysfunction in CD and vagal
dysfunction in UC [34,35]. An increasingly popular noninvasive test to evaluate autonomic
function is heart rate variability (HRV). In 27 IBD patients who were in remission and
28 healthy controls, Mouzas et al. evaluated HRV. When compared to healthy controls, it
was shown that UC and CD patients who were in remission appeared to have more vagal
activity [39]. According to Ganguli et al. in 2007, patients with UC but not CD showed
more sympathetic activity compared to controls [40]. In a recent study, CD patients in
remission exhibited a considerably larger sympathetic–parasympathetic ratio, according to
Zawadka-Kunikowska et al. [41].

Some vagal afferent fibers come into close touch with intestinal mucosal mast cells as
they go to the tips of the jejunal villi. These findings offer the microanatomical foundation
for mast cells in the gastrointestinal mucosa to communicate directly with the central
nervous system [4]. It is interesting to note that the efferent VN interacts with enteric
neurons instead of directly connecting to the gut’s resident macrophages. Therefore,
enteric neurons rather than vagal efferent fibers directly mediate the vagal regulation of
these intestinal macrophages [27,30]. Pro-inflammatory cytokines that stimulate vagal
afferents cause the activation of vagal efferents, which prevents tissue macrophages from
releasing these cytokines, including TNF and other pro-inflammatory cytokines such as
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IL-6 and IL-1β but not the anti-inflammatory cytokine IL-10 [42]. This is known as an
inflammatory reflex.

4.1. Implantation of the Vagal Stimulator

The VNS maneuver requires the implantation of a device by a surgeon experienced in
the specific field [43]. The maneuver takes about 1 h. An electrode is wrapped around the
left VN neck area at the carotid artery, tunneled under the skin, and connected to a pulse
generator implanted under the skin of the left chest. For the stimulation, the left VN is
usually chosen because it is not involved in the regulation of heart rhythm [44]. The device
is initially started at 0.25 mAmp, then progressively increased according to the patient’s
need and tolerance. Stimulation is intended as continuous but is alternated with ON–OFF
phases. Direct VNS delivered by an implanted pulse generator is typically secure and well
tolerated. Hoarseness, increased coughing, changes in voice/speech, discomfort, throat or
larynx spasms, headache, sleeplessness, indigestion, and other adverse effects are possible
with VNS used to treat epilepsy [43]. The most frequent of them, typically transient, are
hoarseness, coughing, throat tickling, and shortness of breath.

The effectiveness of various therapies is significantly influenced by the frequency of
stimulation for VN activation [45]. The most prevalent applications of high frequency
(20–30 Hz) are in the treatment of epilepsy and depression. High frequency is traditionally
thought to trigger vagal afferents. Lower frequency (1–10 Hz), on the other hand, is
thought to activate vagal efferents, which have anti-inflammatory characteristics. The end
point of neurostimulation therapy in IBD coincides with the activation of the cholinergic
system/CAIP activator (see above) through low-frequency stimulation (1–10 Hz) of the
efferent fibers. VNS likely activates both its afferent (which activates the HPA) and efferent
(which activates the CAIP) fibers to exert its anti-inflammatory effects in IBD.

4.2. Clinical Data in Inflammatory Bowel Disease

An initial study of experimental 2,4,6-trinitrobenzene sulfonic acid (TNBS) colitis
in rodents demonstrated that VNS was able to moderate inflammatory data and colic
lesions [46].

A VNS study was recently performed in CD patients, for which the VNS was posi-
tioned in the therapeutic algorithm at the same level as an anti-TNF [47]. The majority of the
patients (8/9) had active CD at the time of inclusion. Electrode Model 302 was implanted
with bipolar pulse generator Model 102 (Cyberonics, Houston, TX, United States); 10 Hz,
500 s, 0.5 mA, 30 s ON, 5 min OFF, constantly were the stimulation parameters. Patients be-
tween the ages of 18 and 65 who had a Crohn’s disease activity index (CDAI) score between
220 and 450 (i.e., moderate or severe CD), with small bowel (ileum) and/or colonic CD,
C-reactive protein (CRP) > 5 mg/L and/or fecal calprotectin >100 µg/g, as well as a Crohn’s
disease endoscopic index of severity (CDEIS) score ≥ 7 (active) and had been diagnosed
for more than 3 months, were treatment-naive, or had a stable treatment reference (two
patients were failing azathioprine, while the remaining seven were treatment-naive) were
included. At the time of inclusion, patients who were taking infliximab or another anti-TNF
drug were ineligible. VNS was carried out constantly for a year. The first patient received
an implant in April 2012 and the final one in March 2016. After three months of neurostim-
ulation, due to a worsening of their condition, two individuals were taken out of the study,
most likely as a result of the especially high inclusion scores for CDAI (>350), CDEIS (>14),
and CRP (>88 mg/L), which implies that VNS is recommended for mild-to-moderate active
CD due to its gradual effect, as seen for epilepsy [48]. The first patient got an ileo-cecal
resection but decided to continue neurostimulation until the end of the research due to an
initial positive result and drug treatment refusal; the second patient was excluded from the
study after three months due to a deterioration of disease. Infliximab and azathioprine were
used to treat the second patient, who likewise desired to continue using an active VNS. Five
of the nine patients experienced a deep (clinical–biological–endoscopic) remission, with
also restored vagal tone, after receiving VNS. Median CDAI passed from 264 to 88, median
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CRP from 7 to 3 mg/L, median calprotectin from 847 to 61 µg/g, and median CDEIS from
8 to 0. They noticed that the VNS effect did not occur right away but rather took at least
three months to manifest: in patients with significant flares, VNS should not be utilized
alone, at least in the first months. Three more paradigmatic pro-inflammatory cytokines in
CD, IL6, IL12, and IL23 were likewise decreased following a 12-month VNS. It is interesting
to note that VNS decreases the perception of abdominal pain. Except for one patient who
had an excessively high vagal tone, the majority of the CD patients studied here had low
vagal tones upon inclusion that were restored to normal in all patients after a 12-month
VNS. Although VNS might have a placebo effect, clinical remission following maintenance
treatment ranged from 12% to 20% under placebo at 12 months in clinical trials using
anti-TNF medicines in CD [49]. With the typical slight side effect of hoarseness as its main
manifestation, VNS was well tolerated. According to the authors, these data indicate that
VNS is feasible in IBD, but the study needs to be expanded to allow for interpretation.

In a second pilot trial, D’Haens et al. examined the effects of VNS over a period of
16 weeks in 16 patients who had colonic or small intestinal CD with biologic resistant
disease [50]. Patients had CDAI 220–450, calprotectin >200 µg/g, an endoscopic score
of activity (SES-CD: Simple Endoscopic Scale for Crohn’s Disease) with a minimal ulcer
score of 2 or 3 in at least one segment, a history of inadequate response and/or intolerance
or adverse events to one or more TNF-α inhibitors (e.g., infliximab, adalimumab, or
certolizumab pegol), and an 8-week washout of biologics (group 1) or concomitant biologic
therapy (Group 2). One minute of daily stimulation was started two weeks after a VNS
device was implanted; between weeks 4 and 6, this was extended to five minutes; in
the event that CDAI remission was not reached by week 8, stimulation was increased to
four times daily. CDAI decreased from 294 to 201, calprotectin 2974 to 590, and SED-CD
from 22.3 to 17.5. Seven of the sixteen patients obtained a CDAI-70 response and four
of the sixteen patients CDAI remission. In terms of side effects, one patient developed a
postoperative infection due to the device.

In nine ileo-colonic CD patients, Kibleur et al. evaluated the effects of VNS on inflam-
mation and brain activity. They found that 12 months of chronic VNS improved CDAI,
fecal calprotectin, anxiety state, and vagal tone, which were associated with a decline in the
electroencephalogram’s α frequency band [51].

4.3. Possible Inclusion Criteria of Future Studies

• CD with extensive small bowel disease or less than 200 cm of small bowel due to
surgery and refractory to all target therapies;

• CD with contraindications to target therapies (fragile patients, history of cancer, history
of severe infections);

• Patients with CD who do not want to undergo target therapy or with a history of poor
adherence to therapy;

• Steroid-dependent UC.

5. Conclusions

The vagal system can express a modulating action of inflammation through the afferent
pathways of the hypothalamic–pituitary–adrenal axis as well as through the efferent path-
ways of the cholinergic CAIP complex. Attempts to exploit these properties by means of
devices capable of stimulating the VN under controlled conditions have obviously turned,
as a starting point, to the treatment of chronic colitis (IBD) and rheumatological diseases:
in these pathologies, where patients are particularly afraid of the toxicity of prolonged im-
mune therapies, the introduction of VNS in a dominant position is attractive. The data are
encouraging, but they must come out of the anecdotal stage to arrive at controlled designs.
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Abstract: Hemophagocytic lymphohistiocytosis (HLH) is a rare but potentially fatal hyperinflamma-
tory disorder characterized by dysfunctional cytotoxic T and natural killer cells. Liver transplantation
is a predisposing factor for HLH. High mortality rates were reported in 40 cases of HLH following
liver transplantation in adults and children. Herein, we describe a case of adult HLH triggered by
cytomegalovirus (CMV) infection shortly after liver transplantation. The patient was successfully
treated with ruxolitinib combined with a modified HLH-2004 treatment strategy. Our case is the first
to report the successful use of ruxolitinib with a modified HLH-2004 strategy to treat HLH in a solid
organ transplantation recipient.

Keywords: ruxolitinib; hemophagocytic lymphohistiocytosis; liver transplantation

1. Introduction

Hemophagocytic lymphohistiocytosis (HLH), also known as hemophagocytic syn-
drome (HPS), is a rare but life-threatening disorder characterized by a high-grade fever,
splenomegaly, cytopenia, and hyperferritinemia. It is believed that NK cell dysfunction,
activated cytotoxic T-cell activity, and the cytokine storm constitute the underlying mecha-
nism of HLH [1]. HLH can be divided into primary HLH and secondary HLH according
to its cause. Primary HLH is considered to be genetic and often occurs in children with
an underlying genetic defect. Bone marrow transplant is the only radical treatment for
primary HLH [2]. In contrast, secondary HLH can occur at any age and is associated with
infection, malignancy, autoimmune disease, transplantation, and drugs [1]. These factors
may act as triggers or predisposing factors to the disease, or both. Viral infection is the
most frequent trigger, and about 6% of cases are triggered by a cytomegalovirus (CMV) [1].
HLH is a rare disease, but has a very high mortality rate of around 41%, probably due to
the nonspecific manifestations and delayed diagnosis [1].

After liver transplantation (LT), patients receive immunosuppression treatment and as
a result are susceptible to infections and immune dysregulation. HLH after LT is often over-
looked as a fever and cytopenia both of which are common after a liver transplant, and the
initial manifestations of HLH are also similar to other complications, such as posttransplant
lymphoproliferative disorders (PTLD), graft-versus-host disease (GVHD), autoimmune
hemolytic anemia (AIHA), and sepsis [1,3]. To date, 21 pediatric cases (age ≤ 18 years)
and 19 adult cases of HLH following liver transplantation (LT) have been reported in the
literature, with a very high mortality rate of 55% (22/40) (Table 1). The high mortality rate

J. Clin. Med. 2022, 11, 6308. https://doi.org/10.3390/jcm11216308 https://www.mdpi.com/journal/jcm
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may be attributed to a delayed diagnosis and a debatable treatment. The widely used HLH-
2004 treatment protocol, including steroids (dexamethasone), immunosuppressive agents
(cyclosporine A), and chemotherapy drugs (etoposide), was first proposed for pediatric
patients with primary HLH. However, this protocol may not be appropriate for LT patients
as they are already immunosuppressed [4].

Ruxolitinib is an inhibitor of JAK1/2 (the Janus family kinase 1 and 2) and can inhibit
the release of cytokines. It is mainly used in the hematological field and also in COVID-19
patients [5]. There are case reports and pilot studies using ruxolitinib as a salvage therapy
or first-line treatment for HLH patients showing good efficacy and safety [6–15]. However,
it has never been used for post-transplant patients with HLH. In this study, we present one
case of adult CMV-associated HLH following liver transplantation successfully treated by
ruxolitinib and a modified HLH-2004 protocol. This report provides an alternative method
for the treatment of HLH following LT.
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2. Case Report

A 53-year-old male presented with fulminant hepatic failure, probable drug-induced
liver injury and alcohol-induced hepatitis. Serologic tests for hepatitis A-D, Epstein-Barr
virus (EBV), and tuberculosis were all negative. The autoimmune workup was normal. The
CMV DNA was detected by PCR in peripheral blood with 4.64 × 104 copies/mL, with a
positive cytomegalovirus (CMV) IgG and a negative IgM.

On admission, the patient’s vitals were within normal ranges and his temperature was
36.5 ◦C. Initial examination showed normal hematological findings and an abnormal liver
function and coagulopathy: total bilirubin 544.6 µmol/L, direct bilirubin 386.8 µmol/L, ala-
nine aminotransferase (ALT) 537 U/L, aspartate aminotransferase (AST) 373 U/L, PT 24.1 s,
INR 2.3, and fibrinogen 1.15 g/L.

On day 10 of admission, the patient underwent a deceased donor liver transplantation.
The donor was a 50-year-old male with a height of 165 cm and weight of 55 kg (BMI
20.2 kg/m2), diagnosed with brain death induced by intracranial hemorrhage. The donor
was CMV-seronegative and had an identical blood type (type B) to the patient. The graft
weight was 1515 g. The liver transplant took 6 h with 35 min of anhepatic time. During the
surgery, 500 mg methylprednisolone was used for immunosuppression induction. The pa-
tient received a standard immunosuppression treatment with methylprednisolone tapering
(tapering from 240 mg to 20 mg within one week), mycophenolate mofetil (720 mg/day),
tacrolimus (4 mg/day), and basiliximab (20 mg on POD 0 and 4) after the surgery.

The post-transplant outcome is shown in Figure 1. On postoperative day (POD) 3,
the patient developed a high-grade fever (above 38.5 ◦C), thrombocytopenia and anemia:
WBC 4.97 × 109/L (neutrophil 4.36 × 109/L), hemoglobin 73 g/L, and platelets 43 × 109/L.
Experimental anti-infection treatment was initiated with vancomycin and meropenem to
treat the fever. Granulocyte colony-stimulating factor (G-CSF, 75 µg/day) was administered
three times on POD 5, 9, and 17 to prevent white blood cell (WBC) count decline, but only
temporary improvement was observed. A blood culture was immediately performed and
repeated twice, revealing no bacterial infections. Next Generation Sequencing screening,
bacterial culture of the intubation and drainage liquid, G test, GM test, TORCH test, respi-
ratory virus test, and a chest X-ray were also all negative. On POD 8, the CMV DNA in
peripheral blood increased to 4.64 × 106 copies/mL, and ganciclovir (400 mg/day) was ini-
tiated to treat the infection. Considering the normal hepatobiliary enzymes, bilirubin levels
and normal daily ultrasonogram, immunosuppression therapy (tacrolimus, mycophenolate
mofetil and methylprednisolone) was temporarily stopped in order to promote an immune
response to overcome the infection.

Despite the use of ganciclovir, the patient’s inflammatory factors, fever and pancy-
topenia showed no improvement. On POD 22, the WBC count declined to 1.21 × 109/L
(neutrophil 1.09 × 109/L), and the patient exhibited a persistent high-grade fever. He
was then tested for HCMV drug-resistant mutation, but the result was negative. There-
fore, hemophagocytic lymphohistiocytosis (HLH) was strongly suspected even without
a relevant family history. Bone marrow aspiration was performed on POD 23 and re-
vealed hemophagocytosis (Figure 2). Laboratory findings: hemoglobin 58 g/L, platelets
72 × 109/L, WBC 1.65 × 109/L (neutrophils 1.54 × 109/L), ferritin 1592.5 ng/mL, fasting
triglyceride 1.06 mmol/L, fibrinogen 2.78 g/L, sIL-2R 6150 U/mL, and low NK cell activity
(2.1%). The patient met seven out of the eight HLH-2004 diagnostic criteria [4] and was
diagnosed with HLH following LT. According to the HLH-2004 protocol, a combination of
intravenous immunoglobulin (25 g/day), G-CSF (150 µg/d), steroids (methylprednisolone
pulse 80 mg), and etoposide (100 mg/d) was immediately administered [4]. The JAK1/2
inhibitor ruxolitinib is a novel treatment for HLH and was started the next day after di-
agnosis in combination with dexamethasone. The dose of ruxolitinib was maintained at
5 mg/day until discharge, and dexamethasone was tapered from 20 mg/day to 5 mg/day
over three weeks and maintained at 5 mg/day until discharge (POD 28 15 mg/day, POD
34 10 mg/day, POD38 7.5 mg/day, and POD 44 5 mg/day). The patient’s fever improved
rapidly following treatment initiation. On POD 25, the patient’s temperature returned to
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normal. The inflammatory factors IL-6 and C-reactive protein declined rapidly after the
treatment. Ferritin and sIL-2R are two reliable prognostic factors of HLH; sIL-2R showed a
significant decline while ferritin showed a gradual decrease after treatment initiation [41].
The WBC, hemoglobin and platelet levels showed improvement after two weeks of HLH
and supportive treatment. GSF and recombinant human interleukin-11 were given to
improve the platelet level, and a therapeutic plasma exchange was performed to clear the
excessive cytokines. On POD29, tacrolimus was resumed due to a slight increase in liver
enzymes. On POD33, the patient tested positive for carbapenem-sensitive klebsiella pneu-
moniae (CSKP). Minocycline and meropenem were used. Dexamethasone was reduced
to 10 mg/day the next day and then to 7.5 mg/day on POD38, which led to a significant
improvement in neutropenia.
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factor, Hb: hemoglobin, IL-6: interleukin-6, IVIg: intravenous immunoglobulin, MMF: my-
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With a stable temperature and lab findings, the patient was discharged on POD 50.
His maintenance treatment included ruxolitinib (5 mg/day), dexamethasone (4.5 mg/day),
tacrolimus (1 mg/day), ganciclovir, and entecavir. Regular follow-ups were performed
after discharge. Dexamethasone was reduced by one tablet (0.75 mg) per week forone1
month, which resulted in a rapid decline in WBC count, which was successfully treated
by increasing ruxolitinib to 10 mg/day. On POD 71 (three weeks after discharge), the
peripheral blood CMV DNA was undetectable, and ganciclovir was stopped. Three months
after discharge, dexamethasone (2.25 mg/day) was changed to prednisone (5 mg/day),
and ruxolitinib was stopped. The patient’s temperature remained stable and the patient is
doing well to date (12 months).

3. Discussion

HLH is hard to diagnose due to its non-specific symptoms. The patient’s CMV DNA
was 4.64 × 104 copies/mL before transplant. After liver transplantation, with the use of
immunosuppression agents, the CMV DNA increased to 4.64 × 106 copies/mL on POD8.
The initial symptoms were thought to be caused by CMV reactivation, and differential
diagnoses such as HLH were only considered after failure of the initial treatment. Failure
to treat CMV with ganciclovir in a timely manner was indeed one of the possible causes of
secondary HLH in our case. Basiliximab, plus a delayed and low-dose immunosuppressive
regimen of tacrolimus were intended to reduce further CMV flareups after the transplant.
Bone marrow aspiration was performed to confirm the diagnosis, which is not a mandatory
diagnostic criterion, but provides valuable information for differential diagnosis.

The HLH-2004 treatment protocol includes a combination of chemotherapy (etopo-
side), immunosuppressive therapy (cyclosporin A, CsA), glucocorticoid, and bone marrow
transplantation, which has a 5-year survival rate of about 61% [4]. CsA is proven to be
beneficial in pediatric and autoimmune cases and is recommended in the HLH-2004 proto-
col, while tacrolimus’s efficacy has not been proved [1]. Hence, some clinicians choose to
change the immunosuppression to CsA. It has been reported that tacrolimus has a stronger
inhibitory effect on CD8 T cells and has shown efficacy in the treatment of HLH [42,43].
Thus, the need for switching tacrolimus to CsA is controversial (Table 1).
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However, the HLH-2004 treatment protocol is a conflicting strategy for patients with
HLH after transplantation, as these patients are already in an immunosuppressive state,
which could also be a predisposing factor for HLH. Clinicians argued that CsA was ineffec-
tive in preventing HLH progression after solid organ transplantation [44]. The myelotoxic-
ity, hepatotoxicity, and nephrotoxicity of etoposide may also have resulted in complications.
Therefore, the immunosuppressants were stopped, and etoposide was given only three
times during the early stages. Most importantly, the novel drug ruxolitinib was added to
the treatment strategy.

Ruxolitinib is an oral JAK1/2 inhibitor and can inhibit the production of interferon-
γ (IFN-γ) [6]. It has been approved to treat myelofibrosis, polycythemia, and steroid-
refractory acute graft-versus-host disease (SR-aGVHD) by the US Food and Drug adminis-
tration [45]. Considering the complexity of the cytokine storm in HLH, the pathogenesis is
likely mediated by a network of cytokines rather than a single one. However, it is generally
believed that the pathway involving STAT1 (signal transducer and activator of transcription
1), JAK1, JAK2, and IFN-γ is the common pathway of HLH [46–48]. Ruxolitinib has been
reported to be effective in treating 61 secondary HLH patients, including 19 adults and
42 children. In nine cases, ruxolitinib was used as the first-line treatment, while in other
cases it was used as a salvage therapy. However, ruxolitinib has never been reported to be
used in HLH after solid organ transplantation.

In 2019, Ahmed et al. conducted a small pilot study that included seven patients, which
had shown that ruxolitinib is an active and well-tolerated treatment for secondary HLH in
adult patients and can be managed through an outpatient clinic [6]. Two of the patients’
conditions were triggered by an autoimmune disorder, and three were idiopathic [6].
Among the seven patients, three of them achieved a complete response, and the others
achieved a partial response with improved cytopenia within the first week [6]. The use of
ruxolitinib allowed the reduction or discontinuation of corticosteroids [6]. All the patients
were alive with a median follow-up of 490 days (range: 190-1075 days) [6]. However,
one patient was diagnosed with primary HLH and suffered a relapse, while another
patient experienced a drug-related adverse event (neuropathic foot pain) and stopped the
treatment [6]. The only serious side effect of ruxolitinib was grade 4 febrile neutropenia
without any drug-related death [6]. Currently, a multi-center phase 2 clinical trial is
investigating the efficacy of ruxolitinib (NCT04551131). In addition, participants are being
recruited for a phase 4 clinical trial focusing on malignancy-related HLH and the effect of
ruxolitinib (NCT04999878).

Wang et al. conducted a clinical trial, which included 34 children with refractory/relapsed
HLH [7]. Ruxolitinib was given as a salvage therapy after the HLH-94 regimen failure. Twenty
five children responded to the therapy and five of them had complete remission. Leukopenia
and thrombocytopenia were common side effects, but all the patients could tolerate them.
At the end of the study, 15 patients died, and the median survival time was 22 weeks. The
clinicians argued that ruxolitinib could alleviate the hyperinflammatory state but was not
sufficiently potent. They suggested combining ruxolitinib with other treatment strategies
to achieve better outcomes. A large-scale clinical trial is being conducted to validate the
effectiveness of the DEP-ruxolitinib regimen (NCT03533790).

In 2019, Meng performed a single-center retrospective analysis evaluating 12 patients
who developed SR-aGVHD after allogeneic hematopoietic stem cell transplantation (allo-
HSCT), complicated by Epstein-Barr virus-associated HLH [8]. Among the 12 patients,
seven achieved a complete response, three achieved a partial response, and two exhibited
treatment failure. The side effects only included neutropenia (grade 3 to 4) and thrombo-
cytopenia (grade 3 to 4). Ruxolitinib was apparently effective for patients with EBV-HLH
combined with SR-aGVHD.

In 2020, Wei conducted a retrospective analysis of pediatric cases with refractory or
recurrent HLH and found that ruxolitinib was effective as a salvage therapy [9]. Among
the nine analyzed cases, five cases of HLH were secondary to EBV, one was secondary to
an autoimmune disorder, two were familial HLH, and one was idiopathic. Before the use
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of ruxolitinib, all of them were treated according to the HLH-94 treatment strategy but did
not show improvement. After receiving a continuous 28-day course of ruxolitinib, three of
them achieved partial remission, five improved and one died.

Furthermore, six case reports argued that ruxolitinib is beneficial to refractory HLH
both for children and adults. Slostad reported a case of histoplasmosis-related HLH
treated with ruxolitinib as a first-line treatment, which achieved a rapid improvement [10].
Zandvakili presented a case of autoimmune disease-related HLH, also using ruxolitinib
as a first-line therapy with a good outcome even after the patient developed sepsis [11].
Goldsmith reported two HLH cases, one autoimmune disorder-associated and the other
EBV-related [12]. Ruxolitinib was used as a salvage therapy and led to a rapid symptom
improvement. Zhao reported a pediatric case of EBV-associated HLH successfully treated
with ruxolitinib as a bridge to allogeneic stem cell transplantation [13]. Brogile reported
a pediatric case of idiopathic HLH receiving ruxolitinib after several failed treatments,
including the biological treatment anakinra. The patient’s fever subsided within 24 h
of initiating ruxolitinib, and recovery was achieved without other treatments [14]. Ono
successfully used ruxolitinib in a pediatric patient who developed HLH after hematopoietic
cell transplantation [15].

The most commonly reported adverse effects of ruxolitinib were hematologic adverse
reactions including thrombocytopenia and anemia [49,50]. Dizziness, headache, and infec-
tions are common nonhematologic adverse effects [45,49]. Hepatotoxicity is rare and only
moderate liver toxicity was reported [51,52]. For patients with hepatic impairment, the
dosage of ruxolitinib should be modified according to platelet counts [45]. Both tacrolimus
and ruxolitinib are mainly metabolized through cytochrome P450 (CYP) 3A4 enzyme, but
no drug interaction between them has been reported [53,54]. For ruxolitinib, dose reduction
is only needed when a potent CYP3A4 inhibitor is concomitantly used [53]. However,
tacrolimus has a narrow therapeutic index and is more likely to be influenced by other
drugs that also metabolize through CYP3A4 [54]. So close monitoring of tacrolimus whole
blood concentrations is recommended. Based on this information, we decided to lower
the dose of ruxolitinib to 5 mg/day, in comparison to 20 mg twice daily for myelofibrosis
patients [45]. The platelet count and liver function were closely monitored, and tacrolimus
trough concentration was tested every day.

Our patient developed a high-grade fever shortly after the operation and only CMV
infection was detected. However, no symptom improvement was observed following
the initiation of ganciclovir. Furthermore, steroids and immunosuppression drugs, as
the two major components of HLH-2004 treatment, had already been given for around
two weeks. Hence, we considered that the patient was unresponsive to the HLH-2004
treatment protocol. In addition, a pilot study reported ruxolitinib as a first-line treatment
for adult secondary HLH [6], and case reports described the use of ruxolitinib as a first-line
therapy to treat Hematopoietic Cell Transplantation-associated HLH [10,11,15]. Moreover,
some clinicians argued that ruxolitinib may exert a synergistic effect with HLH-2004
treatment [55]. Ruxolitinib was added to our treatment strategy and the dosage and
frequency of etoposide were significantly reduced (100 mg three times instead of 150 mg
ten times). Dexamethasone was tapered much more rapidly and was maintained at a low
level (within three weeks instead of eight weeks according to HLH-2004 strategy).

Our case is the first to report the use of ruxolitinib as an initial therapy instead of
a salvage therapy in HLH patients after solid organ transplantation. The patient’s fever
subsided within 24 h, with a rapid improvement in ferritin, and sIL-2R levels. However,
ruxolitinib treatment resulted in a slow improvement in cytopenia, possibly due to the
use of ganciclovir and tacrolimus or the adverse effect of ruxolitinib (neutropenia and
thrombocytopenia). The neutropenia and thrombocytopenia spontaneously improved after
a reduction in the dexamethasone dosage. The patient is now doing fine with a normal liver
function and minimal immunosuppressants almost one year after liver transplantation.

In summary, we present an adult case of secondary HLH associated with CMV infec-
tion following a liver transplant successfully treated with a modified HLH-2004 treatment
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protocol, which included ruxolitinib. The rapid improvement and good prognosis indi-
cate that ruxolitinib may be useful as an initial therapy for patients with HLH after solid
organ transplantation.
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Abstract: (1) Background: This study identified the clinical outcome and prognostic factors of resected
non-ampullary duodenal adenocarcinoma (NADA) in a single tertiary cancer center. (2) Methods:
The medical records of 109 patients with NADA who underwent curative surgery between 2000
and 2018 were reviewed retrospectively. (3) Results: The mean age was 62.4 years with a male
predominance (70.6%). The majority of tumors were located at the 2nd portion (58.7%). Fifty-
seven patients (52.3%) had symptoms at diagnosis. CA19-9 was elevated in 32 patients (29.4%). Of
this cohort, most patients were diagnosed as stage III (64.2%). The median overall survival was
92.9 months, and the 1-, 3-, and 5-year survival rates were 84.4%, 71.6%, and 53.7%, respectively. In
univariate and multivariate analysis, age, symptoms, CA19-9, and margin status were associated
with overall survival and symptoms, CA19-9 and margin status were also associated with recurrence.
When correlating symptoms with stages, patients with symptoms at diagnosis had more advanced
stages (all p < 0.001). (4) Conclusion: Old age, elevated CA19-9, symptoms, and margin status were
independent prognostic factors of NADA, and the patients with symptoms at diagnosis tend to have
more advanced stages and a poor prognosis.

Keywords: duodenal cancer; non-ampullary duodenal cancer; clinical outcome

1. Introduction

Tumors arising in the non-ampullary parts of the duodenum are considered gen-
uine duodenal cancer. These non-ampullary duodenal adenocarcinomas (NADA) are
uncommon, representing less than 0.5% of gastrointestinal malignancies and constitute
approximately 45% of small bowel adenocarcinomas (SBA) [1]. The analysis of NADA is
frequently combined with other periampullary cancers originating from pancreatic, small
bowel, and distal bile duct cancers, which leads to the absence of studies concerning the
sole clinicopathologic characteristics and incidence of NADA [2]. In addition, various
pathological factors such as lymph node metastasis, the positive resection margin, and
cellular differentiation have been known to be prognostic factors; however, results are
inconsistent throughout various studies likely due to small sample size, different standards,
and misclassifications [3].

Recently, a study in Japan has observed a rising prevalence and a higher risk of
NADA in Asia than in western countries, implying a high clinical relevance of this cancer
as a potentially important area for research [4]. Approximately 40–60% of NADA are
asymptomatic which leads to late detection. Therefore, duodenal cancers are detected at a
far-advanced stage, making it the poorest prognosis among all small intestine cancers [5].
However, early detection through endoscopy and endoscopic mucosal resection of superfi-
cial non-ampullary duodenal epithelial tumor (early stage of NADA) has led to favorable
outcomes indicating the importance of surveillance by esophagogastroduodenoscopies
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during routine checkups [6]. Identification of the risk factors associated with NADA, espe-
cially among South Koreans, will provide a framework for risk stratification that can be
used in screening tests [7].

This single center retrospective study was conducted to determine the natural history
of patients with operatively managed NADA. The study attempts to identify the clinical
course and prognostic factors of NADA.

2. Materials and Methods
2.1. Study Design and Population

This retrospective study included patients who underwent surgery for NADA, with a
curative intention, at the Samsung Medical Center (Seoul, South Korea) between January
2000 and December 2019. The inclusion criteria were defined as follows: (1) histologically
diagnosed as adenocarcinoma by surgical biopsy; (2) tumor located at non-ampullary
duodenum; and (3) no distant organ metastasis. This study protocol was approved by the
Institutional Review Board of the Samsung Medical Center Sungkyunkwan University
School of Medicine, Seoul, Korea, for clinical research [Registration No.: 2022-06-157-001].
This study was conducted in accordance with the ethical principles of the Declaration of
Helsinki (1989).

Medical records including clinicopathologic, postoperative, and survival data were
investigated retrospectively and outcomes of patients with survival and recurrence were
also reviewed from the Samsung Medical Center Hepatobiliary-pancreas database in Seoul,
South Korea. The following clinicopathologic parameters were collected: patient charac-
teristics: gender, age, comorbidity (cardiovascular, pulmonary, and endocrine disease),
presenting with symptoms at diagnosis, preoperative tumor markers (carcinoembryonic
antigen [CEA], and carbohydrate antigen 19-9 [CA19-9]); pathologic findings: T stage,
N stage, TNM stage according to the AJCC 8th edition, cellular differentiation, primary
location, margin status, lympho-vascular invasion, perineural invasion; perioperative find-
ings: operation name and adjuvant therapy; postoperative complication: a complication as
defined by the Clavien–Dindo classification system [8], surgical site infection, intraabdomi-
nal abscess, pneumonia, acute kidney injury, biliary fistula, chylous ascites, postoperative
pancreatic fistula (POPF), delayed gastric emptying (DGE), and postoperative hemorrhage.
The follow-up duration was measured from the time of surgery until death or the last visit
to the outpatient department.

2.2. Statistical Analysis

The student’s t test was used to compare continuous variables. The x2 test and Fisher’s
exact were used to compare categorical variables. All continuous variables are summarized
as median (SD) and all categorical variables are reported as frequencies (percentages).
Overall survival (OS) and disease free survival (DFS) were estimated by the Kaplan–Meier
method and the log-rank test was used for univariable survival analysis. Multivariable
analysis of independent prognostic factors for OS and DFS was identified by using the
Cox proportional hazard model. All tests were two-sided and a p-value under 0.1 was
considered statistically significant. All statistical analyses were performed using the SPSS
27 version (IBM, New York, NY, USA).

3. Results
3.1. Demographic and Clinicopathologic Characteristics

Tables 1 and 2 summarize the demographic and clinicopathological characteristics of
patients. Of the 109 patients, the mean age was 62.4 ± 10 years with a male predominance
(70.6%). The presence of symptoms at diagnosis, found in 57 patients (52.3%), included:
weight loss, jaundice, projectile vomiting, abdominal pain, melena, and hematochezia.
CA19-9 was elevated in 32 patients (29.4%). The 2nd portion of the duodenum was the
most common location of NADA (57.7%), followed by the 1st portion (11%). The mean
tumor diameter was 3.7 ± 1.8 cm. Pancreatoduodenectomy (PD) or pylorus preserving
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pancreatoduodenectomy (PPPD) was performed in 96 patients (88.1%), duodenal segmental
resection in five patients (4.6%), and a subtotal gastrectomy in seven patients (6.4%). Only
one patient underwent a total pancreatectomy due to severe pancreatitis. The pathologic
depth of the tumors was: T1 in 11 patients (10.1%), T2 in six patients (5.5%), T3 in 46 patients
(42.2%), and T4 in 46 patients (42.2%). Seventy patients (69.7%) had lymph node metastasis.
More than half of the patients were diagnosed with TNM stage III (64.2%). The majority of
patients underwent R0 resection (94.5%) and 48 patients (44%) received adjuvant therapy
following surgery. The Figure 1 shows illustration of duodenal adenocarcinoma.

Table 1. Demographic and clinical characteristics (n = 109).

Characteristics N (%) or Mean (±SD)

Age 62.4 (±10.7)
Sex Male 77 (70.6)

Female 32 (29.4)
Comorbidity

Cardiovascular No 77 (70.6)
Yes 32 (29.4)

Pulmonary No 103 (94.5)
Yes 6 (5.5)

Endocrine No 90 (82.6)
Yes 19 (17.4)

Symptom † Asymptomatic 52 (47.7)
Symptomatic 57 (52.3)

Preoperative Lab
CEA Normal 80 (73.4)

Elevated 12 (11.0)
NA 17 (15.6)

CA19-9 Normal 67 (61.5)
Elevated 32 (29.4)

NA 10 (9.2)
Location 1st portion 12 (11.0)

1st–2nd portion 9 (8.3)
2nd portion 64 (58.7)

2nd–3rd portion 9 (8.3)
3rd portion 10 (9.2)

3rd–4th portion 3 (2.8)
4th portion 2 (1.8)

Tumor size 3.7 (±1.8)
Operation name PD/PPPD 96 (88.1)

Duodenum Segmental
resection 5 (4.6)

Subtotal gastrectomy 7 (6.4)
Total pancreatectomy 1 (0.9)

Combined organ resection No 93 (85.3)
Yes 16 (14.7)

Adjuvant therapy No 61 (56.0)
Yes 48 (44.0)

† Symptoms include jaundice, weight loss, abdominal pain, and projectile vomiting. SD, standard deviation; NA,
not available; PD/PPPD, pancreaticoduodenectomy/pylorus-preserving pancreaticoduodenectomy.

3.2. Survival and Recurrence Pattern of NADA

The survival and recurrence rates by Kaplan–Meier survival curves are shown in
Figure 2. The median overall survival after surgery was 92.9 months. Overall survival rates
at 1-, 2-, and 5-years were 84.4%, 71.6%, and 53.7% respectively. Recurrence developed
in 55 patients (50.5%) during follow-up and the median DFS was 20.9 months. The esti-
mated 1-, 2-, and 5-years DFS rates were 57.5%, 47.4%, and 42.7%, respectively. Figure 3
shows survival comparisons according to TNM stage, symptoms at diagnosis, and level
of CA19-9. Stage I showed the best prognosis with statistical significance (p = 0.04 for I
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versus IIA, 0.009 for I versus IIIA, and 0.002 for I versus IIIB in Figure 3A). Patients with
symptoms (Figure 3B) and elevated CA19-9 (Figure 3C) showed poorer survival (p = 0.001
and <0.001, respectively).

Table 2. Pathological characteristics (n = 109).

Characteristics N (%) or Mean (±SD)

T stage T1a 3 (2.8)
T1b 8 (7.3)
T2 6 (5.5)
T3 46 (42.2)
T4 46 (42.2)

N stage N0 39 (35.8)
N1 37 (33.9)
N2 33 (30.3)

TNM staging I 14 (12.8)
IIA 16 (14.7)
IIB 9 (8.3)

IIIA 37 (33.9)
IIIB 33 (30.3)

Differentiation Well 18 (16.5)
Moderate 66 (60.6)

Poor 25 (22.9)
Margin status R0 103 (94.5)

R1 6 (5.5)
Lymphovascular invasion No 17 (15.6)

Yes 30 (27.5)
NA 62 (56.9)

Perineural invasion No 18 (16.5)
Yes 22 (20.2)
NA 69 (63.3)
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Figure 2. Kaplan–Meier survival curves of overall survival and disease free survival (n = 109). (A) The
median overall survival was 92.9 months, and the estimated 1-, 2-, and 5-year survival rates were
84.4%, 71.6%, and 53.7%, respectively. (B) The median disease free survival was 20.9 months, and the
estimated 1-, 2-, and 5-year disease free survival rates were 57.7%, 47.4%, and 42.7%, respectively.
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Figure 3. Kaplan–Meier survival curves of survival comparison according to TNM staging, symptoms,
and levels of CA19-9. (A) In survival comparison according to the American Joint Committee of
Cancer staging system, p values were 0.04 for I versus IIA, 0.009 for I versus IIIA, and 0.002 for I
versus IIIB. The others were not statistically significant. (B) The median survival was not reached
in asymptomatic patients (n = 52), and the median survival of symptomatic patients (n = 57) was
33.7 months (p = 0.001). (C) The median survival was not reached in patients with normal CA19-9,
and the median survival of patients with elevated CA19-9 was 19.1 months (p < 0.001).

3.3. Uni- and Multivariate Analysis Affecting Survival

A multivariate analysis also showed that symptoms at diagnosis (hazard ratio [HR]
2.354, 95% confidence interval [CI] 1.236 to 4.486) and elevated CA19-9 (HR 2.821, 95%
CI 1.555 to 5.117) were independent prognosis factors (Table 3). In addition, old age
and margin status were other prognosis factors used in the multivariate analysis (HR
1.048, 95% CI 1.016 to 1.082 and HR 2.763, 95% CI 1.049 to 7.279, respectively). Moreover,
a multivariate analysis for patients’ recurrence showed that symptoms at diagnosis in
Table 4 (HR 3.720, 95% CI 1.807 to 7.657), elevated CA19-9 (HR 3.166, 95% CI 1.761 to
5.692), and Margin status (HR 3.447, 95% CI 1.174 to 10.124) were also independent
prognostic factors.
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Table 3. Uni- and multivariate analysis identifying factors affecting patients’ survival (n = 109).

Univariate Analysis Multivariate Analysis

Factors Median Survival (mo) Hazard Ratio p Hazard Ratio p

Age 1.029 (1.002–1.058) 0.035 1.048 (1.016–1.082) 0.003
Sex Male 107.3 Reference

Female 48.8 1.115 (0.620–2.006) 0.716
Symptoms † Asymptomatic Not reached Reference Reference

Symptomatic 33.7 2.577 (1.443–4.603) 0.001 2.354 (1.236–4.486) 0.009
CEA Normal 92.9 Reference

Elevated Not reached 0.979 (0.385–2.489) 0.965
CA19-9 Normal Not reached Reference Reference

Elevated 19.1 3.298 (1.850–5.879) <0.001 2.821 (1.555–5.117) 0.001
TNM Stage I Not reached Reference Reference

IIA 92.9 3.984 (0.825–19.247) 0.085 3.003 (0.568–15.879) 0.196
IIB 107.3 4.357 (0.797–23.823) 0.090 5.140 (0.902–29.284) 0.065
IIIA 48.8 5.541 (1.283–23.934) 0.022 1.433 (0.259–7.918) 0.680
IIIB 28.7 7.692 (1.798–32.905) 0.006 2.409 (0.467–12.440) 0.294

Tumor size 1.033 (0.894–1.194) 0.661
Combined
resection

No 107.3 Reference

Yes 31.3 1.623 (0.835–3.158) 0.153
Location 1st–2nd

portion
82.9 Reference

3rd–4th
portion

92.9 0.842 (0.422–1.679) 0.625

Margin status R0 107.3 Reference Reference
R1 7.0 3.966 (1.562–10.073) 0.004 2.763 (1.049–7.279) 0.040

Differentiation Well Not reached Reference Reference
Moderate 59.2 2.510 (0.978–6.440) 0.056 1.483 (0.404–5.436) 0.553
Poor 34.9 2.679 (0.964–7.447) 0.059 2.825 (0.714–11.174) 0.139

Adjuvant
therapy

No 85.0 Reference

Yes Not reached 0.885 (0.508–1.541) 0.666
† Symptoms include jaundice, weight loss, abdominal pain, and projectile vomiting.

Table 4. Uni- and multivariate analysis identifying factors affecting patients’ recurrence (n = 109).

Univariate Analysis Multivariate Analysis

Factors Median DFS (mo) Hazard Ratio p Hazard Ratio p

Age 1.005 (0.979–1.031) 0.719
Sex Male 19.1 Reference

Female 20.9 0.906 (0.519–1.579) 0.727
Symptoms † Asymptomatic Not reached Reference Reference

Symptomatic 8.7 5.684 (2.972–10.870) <0.001 3.720 (1.807–7.657) <0.001
CEA Normal 30.8 Reference

Elevated 6.2 1.152 (0.454–2.922) 0.965
CA19-9 Normal Not reached Reference Reference

Elevated 6.7 3.089 (1.764–5.410) <0.001 3.166 (1.761–5.692) <0.001
TNM Stage I Not reached Reference

IIA 41.4 8.773 (1.096–70.200) 0.041
IIB Not reached 3.955 (0.358–43.648) 0.262
IIIA 10.5 14.469 (1.950–107.357) 0.009
IIIB 8.9 19.378 (2.601–144.347) 0.004

Tumor size 1.077 (0.941–1.233) 0.279
Combined
resection

No 20.9 Reference
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Table 4. Cont.

Univariate Analysis Multivariate Analysis

Factors Median DFS (mo) Hazard Ratio p Hazard Ratio p

Yes 18.0 1.174 (0.555–2.486) 0.674
Location 1st–2nd

portion
18.0 Reference

3rd–4th
portion

41.4 0.724 (0.426–1.596) 0.566

Margin status R0 21.6 Reference Reference
R1 4.2 4.003 (1.439–11.132) 0.008 3.447 (1.174–10.124) 0.024

Differentiation Well Not reached Reference Reference
Moderate 10.7 4.952 (1.523–16.102) 0.008 1.761 (0.482–6.442) 0.392
Poor 14.0 5.376 (1.555–18.591) 0.008 2.264 (0.592–8.649) 0.232

Adjuvant
therapy

No Not reached Reference

Yes 11.6 1.539 (0.900–2.632) 0.115
† Symptoms include jaundice, weight loss, abdominal pain, and projectile vomiting.

3.4. Postoperative Outcomes

In terms of postoperative outcomes (Table 5), the median hospital stay was 15.9 days,
ranging from 9 to 105 days. Major complications, with a Clavien–Dindo grade over 3,
account for 11.0% of patients. Forty-seven patients had POPF (43.1%), 17 patients had a
DGE (15.6%), and six patients had a postoperative hemorrhage (5.5%).

Table 5. Postoperative outcomes.

Factors N (%) or Mean (±SD)

Hospital stay 15.9 (±12.4)
Complication †

Major complication ‡ 12 (11.0)
Surgical site infection 2 (1.8)

Intraabdominal abscess 2 (1.8)
Pneumonia 2 (1.8)

Acute kidney injury 1 (0.9)
Biliary fistula 1 (0.9)

Chylous ascites 9 (8.3)
POPF 47 (43.1)

Delayed gastric emptying 17 (15.6)
Postoperative hemorrhage 6 (5.5)

† Complication cases are duplicated. ‡ Major complication indicated Clavien–Dindo grade ≥ 3. SD, standard
deviation; POPF, postoperative pancreatic fistula.

3.5. Relationship between Symptoms at Diagnosis and Tumor Stages

Table 6 shows the relationship between the presence of symptoms at diagnosis and
tumor stages. The symptomatic group showed a higher T stage (p < 0.001) and N stage
(p < 0.001) with statistical significance. Consequently, the TNM stage was also higher in the
symptomatic group (p < 0.001).
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Table 6. Correlations between symptoms and tumor stages (n = 109).

Factors Asymptomatic (%) Symptomatic (%) p

T stage <0.001
T1a 3 (5.8) 0 (0.0)
T1b 8 (15.4) 0 (0.0)
T2 6 (11.5) 0 (0.0)
T3 19 (36.5) 27 (47.4)
T4 16 (30.8) 30 (52.6)

N stage <0.001
N0 34 (65.4) 5 (8.8)
N1 8 (15.4) 29 (50.9)
N2 10 (19.2) 23 (40.4)

TNM stage <0.001
I 14 (26.9) 0 (0.0)

IIA 11 (21.2) 5 (8.8)
IIB 9 (17.3) 0 (0.0)

IIIA 8 (15.4) 29 (50.9)
IIIB 10 (19.2) 23 (40.4)

4. Discussion

In this single center, retrospective study, we enrolled more than 100 duodenal adenocar-
cinoma patients that received curative surgery over the course of 20 years and investigated
these cases in detail. Although there have been several large-scale multi-center studies in-
volving data from the registered database, most previous studies suffer from selection bias
as they choose not to distinguish between non-ampullary duodenal adenocarcinomas and
periampullary cancers such as pancreatic, small bowel, and distal bile duct cancers [2]. Most
non-ampullary duodenal cancer remains asymptomatic until a far-advanced stage, leading
to its poor prognosis and high clinical relevance. Moreover, the fact that previous studies
show that early detection through surveillance using esophagogastroduodenoscopies and
endoscopic mucosal resection leads to favorable outcomes, implies the necessity of specified
research [6,9–11]. We expect our single center study to have a lower risk of selection bias
and our findings to likely reflect the sole clinicopathologic characteristics of non-ampullary
duodenal adenocarcinomas and present the associated risk factors that may indicate the
need for screening tests.

This study revealed that old age, CA19-9, and symptoms at diagnosis were prognostic
factors for the survival of NADA after surgery. Previous retrospective studies reported
various possible prognostic factors including CA19-9, gross appearance, tumor size, tu-
mor invasion, lymph node metastases, TNM stage, lymphovascular invasion, perineural
invasion, positive margin, poor differentiation, tumor markers (CEA and CA19-9), high
lactate dehydrogenase, symptoms at diagnosis, and old age [10–13]. Our study results
were similar to previous reports, however our findings also identified the tendency to have
advanced T, N, and TNM stages when patients have symptoms at diagnosis, although
these parameters were not found to be independent risk factors.

4.1. Incidence and Current Treatment of NADA

NADA, though it accounts for half of all SBA, showed a rate of 3.7 to 5.4 cases per
1 million persons per year, which is relatively rare [1]. The etiology of SBA including NADA
is unknown. There are several theories, among which the theory that digestive contents
cause irritation to the mucosa while passing through the intestine corresponds to both
the facts that 2/3 of SBA occurs in duodenum and the SBA is rare compared to the large
intestine [14]. NADA is a more common disease in men, accounting for a 2.4 times higher
rate than females in this study. The difference in the ratio between men and women shows
similar results to those of a study published in Japan, which showed a 1.7 times higher
occurrence in males [4,10,14]. However, racial difference should also be considered as a
study from a European population, little difference was observed between the male and
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female population and the occurrence of NADA. Regardless of race, the development of
NADA was a common risk factor in the over 60s, at approximately 55%, and an increase in
incidence with age was also observed in the multi-analysis results from this study. Hirashita
et al. (2018) reported that 56% of tumors are most commonly located in the descending
portion of the duodenum. This study showed a similar result, that 58.7% of the tumors
were located in the 2nd portion of the duodenum [10]. The curative surgical procedures for
NADA are various and depend on the tumor location. As shown in the previous results,
the 2nd portion of the duodenum accounts for the largest proportion, therefore PPPD is the
main surgical treatment [2,13]. The choice of surgical procedure for NADA occurring in the
3rd and 4th portion of the duodenum, is a controversial matter. Based on previous findings
that lymph node metastasis and lymphovascular invasion are possible prognostic factors
of disease recurrence and survival, some reports suggest that segmental resection could
be an unsuitable treatment modality as it results in insufficient lymph node dissection
compared to PPPD. Several studies found that for the early stage of NADA, local resection
offered less morbidity, less mortality, and had a similar oncological benefit compared to
PPPD [1,3,13,15,16]. From this study, it was not possible to make any conclusion regarding
the links between significant survival benefits and tumor location, since only 15 patients
had a tumor located in the 3rd and 4th portion. It is difficult to draw conclusions as to
which operative procedure is the safest, most effective, and still provides an adequate
surgical margin and minimal invasiveness. Therefore, further study is needed.

Even after surgery, there is a lack of a well-established adjuvant chemotherapy regi-
men and protocol. Haan et al. (2012) reported that SBA has a similar immunophenotypic
pattern, molecular characteristics, and genome-wide DNA copy number aberrations with
colorectal cancer. Consequently, many clinicians have applied the chemotherapy regimen
used for colorectal cancer, to SBA, including NADA [2,17]. A combination of fluoropy-
rimidine and oxaliplatin (FOLFOX or CAPOX) is commonly utilized as an effective first
line chemotherapy regimen for SBA, followed by an alternative front line combination of
5-FU and cisplatin or fluoropyrimidine and irinotecan (FLOFIRI) [2]. Adjuvant therapy,
received by 44% of the total patients in this study was not a statistically significant factor
for OS. This result was contradictory to the results of previous studies [2,5]. Due to its
rarity, a large-scale investigation focusing on adjuvant therapy and its survival outcome
will be a necessity in the future. As the lack of established principle of adjuvant therapy
and prevention, periodic regular checkup is inevitably more emphasized as a prevention
for NADA.

4.2. CA19-9 as a Prognostic Factor

Serum CA19-9 is a carbohydrate antigen expressed in tissue as a monosialoganglioside
and a mucous protein. It is widely used as a biomarker for biliopancreatic malignancies,
treatment response monitoring, and a marker of recurrence for pancreatic cancer. Elevated
CA19-9 can be found not only in the detection of cancer, but also in a number of benign
diseases including pancreatitis, cholestasis, acute hepatitis, chronic liver disease, diabetes
mellitus, intestinal pulmonary disease, and even collagen vascular disease. Ventrucci et al.
(2009) reported a possible mechanism for the elevation of serum CA19-9 with various benign
diseases, especially those related to obstructive jaundice. In obstructive jaundice, CA19-9
can be overproduced by irritated bile duct cells and inflammatory proliferation of epithelial
cells. Even accumulation of CA19-9 in the biliary tract can exacerbate the reflux of blood and
bile into the circulation. Therefore, clearance of the biliary mucin decreases, making both
the hepatic function and the ability to degrade the antigen decreased sequentially [9,18,19].
An elevated level of CA19-9 is associated with low survival of NADA, indicating that as
the severity of the disease increases, NADA could cause obstructive jaundice by forming a
mass effect that compresses the surrounding tissues.
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4.3. Correlation with Symptoms and Tumor Stages in NADA

This study discovered that symptomatic patients had advanced stage NADA com-
pared to non-symptomatic patients. Sakae et al. (2017) presented the common symptoms
of small bowel cancer as stenosis-related such as abdominal pain or vomiting, and bleeding
related such as melena or hematemesis [5]. The symptoms reported in this study are
also consistent with these previous findings, including the presence of jaundice. Another
study reported that early SBA patients rarely have stenosis-related symptoms because the
products in the small intestine are mostly liquid [14,17]. We discovered that tumors with an
advanced TNM stage result in the presentation of symptoms at diagnosis. Because many
cases are asymptomatic until they reach the advanced stages of disease, early detection
is delayed which results in a poorer disease prognosis. Therefore, this study emphasizes
the importance of the early detection of asymptomatic NADA patients. A health checkup
through esophagogastroduodenoscopy, which is already applied to adults over the age
of 40, is a possible screening method, though there is a limit that the range of screening
can only include up to 1st and 2nd portions of the duodenum. In addition, computerized
tomography may be used as a screening method, however, considering the low incidence
of disease and the cost values involved, discussion is inevitable regarding its use.

4.4. Limitation

Further limitations regarding this study include; first, this study is designed to be a
retrospective study which has low statistical power. Second, almost half of the patients were
presenting with symptoms at the first diagnosis. Additionally, the incidence of advanced
TNM stage in patients was 64.2% of the total patients. Since the study was conducted at a
large tertiary hospital, it is possible that the proportion of severely ill patients was high.
Despite the several limitations, the strength of this study is that it confirmed the current
clinical status for NADA, which is a rare but relatively common in Asia, and addressed the
importance of early detection and appropriate surgical resection including the extent of
lymph node dissection.

5. Conclusions

In conclusion, our study conducted a solitary data analysis of NADA clinical outcome
and discovered that symptoms at diagnosis, aging, high CA19-9, and resection margin
positive are independent prognostic factors for NADA. Patients with symptoms at diagnosis
show an advanced TNM stage of NADA.
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Abstract: The burden of inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and
ulcerative colitis (UC), is increasing worldwide. The aim of the present study was to investigate
the clinical characteristics and the changing in epidemiology of IBD in the Healthcare District Bra,
an area of North-West Italy accounting for 57,615 inhabitants as of 31 December 2021. Clinical
and demographic data were retrieved from administrative databases and the medical records of
general practitioners (n = 39) at Verduno Hospital. Prevalence and incidence rates were calculated
for the time span 2016–2021 and compared to the 2001–2006 period. IBD prevalence was 321.2 per
100,000 population in 2021 and, compared with 2006 (200 per 100,000 population), the prevalence has
increased at a rate of +46%. Similarly, the average incidence has increased from the period 2001–2006
(6.7 per 100,000 population/year) to the period 2016–2021 (18.0 per 100,000 population/year) at a
rate of +169%; such an increase was greater for CD than UC. In the 2016–2021 period, the mean age
at diagnosis was 42.0 ± 17.4 years and 30.9% required at least one hospitalization, while 10.9% of
patients underwent at least one surgery. In conclusion, the prevalence and incidence of IBD distinctly
increased over a two decade period in the Healthcare District Bra paralleling the results of previous
surveys from other Italian regions. These data warrant specific interventions to improve patients’
management and resources’ allocation.

Keywords: burden; incidence; Crohn’s disease; prevalence; ulcerative colitis

1. Introduction

Inflammatory bowel diseases (IBD) are chronic inflammatory conditions with a mul-
tifactorial etiopathogenesis that affect the gastrointestinal system. The two main entities
are Crohn’s disease (CD) and ulcerative colitis (UC) [1]. The epidemiology of IBD is
rapidly changing worldwide; the estimated prevalence (>0.3%) continues to rise in Western
countries, with a high burden of IBD in North America, Oceania, and Europe [2]. The
prevalence is also growing in newly industrialized countries in Africa, Asia, and South
America mirroring the growing incidence of IBD observed in the 1990s in Western countries
occurring with urbanization and the rapid socioeconomic development [3].

In Italy, the Global Burden of Diseases (GBD) estimated an IBD prevalence of 80.9 per
100,000 population in 1990 (56,469 cases) that increased to 93.8 per 100,000 population in
2017 (76,581 cases) (age-standardized percentage change: 16.0%), with a death rate over
the study period increasing from 0.4 per 100,000 population in 1990 to 0.8 per 100,000 pop-
ulation in 2017 (age-standardized percentage change: 99.0%) [4]. However, local studies
published in the last 10 years reported a significantly higher order of magnitude of IBD
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cases in Italy. The prevalence of IBD ranges from 442 per 100,000 population in the dis-
trict of Milan (North Italy) to 187 per 100,000 population in Sardinia [5,6], with a lower
prevalence of CD compared with UC in the whole country [5–9]. Incidence rates of CD
varies from 6.1 to 17.9 per 100,000 population/year for CD and from 12.2 to 15.3 per
100,000 population/year for UC [5–9].

Considering the clinical relapsing course and the high probability of complications [10–12],
in spite of a marginal reduction of life expectancy [13], IBD leads to a substantial socio-
economic burden on the health-care system, in terms of hospitalization and pharmacologic
treatments, and on society in terms of working productivity. Therefore, a correct estimation
of the current epidemiological scenario is crucial for planning health-care policy and
resource allocation.

The aim of the present study was to evaluate the clinical characteristics and the change
in the epidemiology of IBD in a Healthcare District in the North-West of Italy.

2. Materials and Methods
2.1. Study Design

Data for the present retrospective, observational study were retrieved from an admin-
istrative database (resident population) and medical records of general practitioners (all
general practitioners who are in charge of the entire population residing in the district
were involved, total number of general practitioners = 39) and hospital service (Michele
and Pietro Ferrero Hospital–Verduno) of A.S.L. CN2 from the Healthcare District of Bra
(Cuneo, North–West Italy) that includes the municipalities of Bra, Cherasco, Sommariva del
Bosco, Sommariva Perno, La Morra, Verduno, Sanfrè, Ceresole d’Alba, S.Vittoria d’Alba,
Pocapaglia, and Narzole. In particular, data on the resident population of the district
were retrieved from the official site of the Piedmont Region “PISTA”, which reports socio-
demographic and economic information, including data on the structure and movements
of the resident population according to province, municipality, sex, and age, health data,
foreign residents, and censuses of general population [14].

We collected data from subjects with age ≥ 14 years (general practitioners and not
pediatricians of free choice were involved) with a diagnosis of IBD (CD, UC, or IBD
unclassified (IBDU)) within the time span 2016–2021. Patients were classified as IBDU in
case of endoscopic, radiographic, and histologic evidence of chronic inflammatory bowel
disease confined to the colon, but without fulfillment of diagnostic criteria for UC and CD.
In detail, the following data (from IBD diagnosis to last follow-up visit) were retrieved,
and recorded in a specific database: demographic features, data concerning the diagnosis
of the disease (year of diagnosis, type, and location [15]), family history, hospitalization,
and surgery for IBD, occurrence of neoplasms (intestinal and extra-intestinal), current and
previous IBD therapy, death, and cause of death. Patients included had unique identifiers
that ensured that there were no duplicate patient entries within the study period; in case
of data retrieved from both the hospital service and general practitioner, medical records
were reviewed and used to double-check the general practitioner data. Epidemiologic data
estimated in the time span 2016–2021 were compared to those estimated in the same district
in the time span 2001–2006 (the method of involvement of all general practitioners in the
district was the same in the 2 periods [16]). Patients who had not died in the meantime or
who had not changed residence were also included in the 2016–2021 analysis. Incidence
and prevalence were computed both annually and as averages for 2016–2021, while as an
average only for 2001–2006.

2.2. Statistical Analysis

The characteristics of the study cohort were reported as mean and standard devi-
ation (SD) for continuous, normally distributed variables, and as absolute numbers (n)
and percentages (%) for categorical data. Continuous variables were compared between
groups by Students’ t test, while categorical data were analyzed by chi-squared (χ2) test.
Standardized prevalence and incidence were reported as rates per 100,000 population. For
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all the analyses, we considered significant a p value < 0.05. Statistics were performed by
MedCalc software v.20.104 (MedCalc Software Ltd., Ostend, Belgium).

3. Results

On 31 December 2021, the population in the Healthcare District of Bra area was
57,615 inhabitants. The total number of patients affected by IBD was 186, of whom 103 were
males (M) and 83 were females (F) (Table 1); 70 patients had a diagnosis of CD (35 M and
35 F); 81 had a diagnosis of UC (47 M and 34 F); and 24 were affected by IBDU (13 M
and 11 F). Concerning the remaining 11 patients (eight M and three F), we were unable to
retrieve any data since they underwent instrumental investigations at the Verduno Hospital
but were followed-up for their disease by other centers outside the Health Care District of
Bra. These patients were included in the calculation of IBD incidence and prevalence, but
were excluded from CD, UC, and IBDU subgroup analysis.

Table 1. Patients affected by IBD in the Healthcare District of Bra.

Municipality Population (n) IBD
(n)

CD
(n)

UC
(n)

IBDU
(n)

IBD Witout
Clinical Data

(n)

Bra 25,996 87
M = 48; F = 39

31
M = 14; F = 17

39
M = 24; F = 15

12
M = 7; F = 5

5
M = 3; F = 2

Ceresole d’Alba 1791 3
M =1; F = 2

2
M = 0; F = 2

1
M = 1; F = 0 0 0

Cherasco 8098 18
M = 9; F = 9

11
M = 6; F = 5

4
M = 1; F = 3

3
M = 2; F = 1 0

Santa Vittoria
d’Alba 2504 11

M = 7; F = 4
3

M = 3; F = 0
6

M = 3; F = 3
2

M = 1; F = 1 0

La Morra 2379 5
M = 3; F = 2

2
M = 1; F = 1

1
M = 1; F = 0

1
M = 0; F = 1

1
M = 1; F = 0

Narzole 3014 6
M = 5; F = 1

1
M = 1; F = 0

4
M = 3; F = 1

1
M = 1; F = 0 0

Pocapaglia 2848 9
M = 5; F = 4

4
M = 3; F = 1

2
M = 1; F = 1

2
M = 0; F = 2

1
M = 1; F = 0

Sanfrè 2632 9
M = 5; F = 4

2
M = 1; F = 1

6
M = 4; F = 2 0 1

M = 0, F = 1
Sommariva Del

Bosco 5473 18
M = 11; F = 7

6
M = 3; F = 3

8
M = 5; F = 3

1
M = 0; F = 1

3
M = 3; F = 0

Sommariva
Perno 2388 18

M = 8; F = 10
8

M = 3; F = 5
9

M = 4; F = 5
1

M = 1; F = 0 0

Verduno 492 2
M = 1; F = 1 0 1

M = 0; F = 1
1

M = 1; F = 0 0

Healthcare
Disctric of Bra 57,615 186

M = 103; F = 83
70

M = 35; F = 35
81

M = 47; F = 34
24

M = 13; F = 11
11

M = 8; F = 3

Population with age ≥14 years on 31 December 2021. Abbreviations: CD, Crohn’s disease; F, female; IBD,
inflammatory bowel disease; IBDU, IBD unclassified; M, male; n, number; UC, ulcerative colitis.

The mean age at diagnosis was 42.0 ± 17.4 years for the whole IBD population
(Figure 1). The mean age for CD, UC, and IBDU was 41.0 ± 17.2 years, 42.0 ± 16.8 years,
and 50.0 ± 19.0 years, respectively. The M-to-F ratio was 1.2:1 for IBD, 1:1 for CD, 1.4:1 for
UC, and 1.2:1 for IBDU. Immigrants born abroad comprised 20 out of 175 (11.4%) patients
with IBD, 10 from East–Europe (Romania, Russia, and Balkan Countries) and 10 from
Africa. Patients’ mean follow-up was 12.5 ± 10.3 years. No deaths occurred within the
study period.
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3.1. Clinical Characteristics

The diagnosis of IBD was mainly achieved by endoscopy (colonoscopy, video capsule,
esophagogastroduodenoscopy) associated to a histological examination of bioptic samples
(167 out of 175; 95.4%). In seven (4.0%) patients, the final diagnosis was achieved after a
surgical procedure, while in one (0.6%) patient, IBD was diagnosed by imaging alone.

Among UC patients (n = 81), 16 (19.8%) had ulcerative proctitis (E1), five (6.2%) had
left–side colitis (E2), and 60 (74.1%) had extensive (E3). Among CD patients (n = 70), the
disease was confined to the ileum in 15 (21.4%) patients (L1), to the colon in 22 (31.4%)
patients (L2), while 33 (47.1%) patients had an ileocolonic location (L3). Finally, in IBDU
patients, the main localization of disease was in the colon alone (n = 7; 29.2%), followed by
colon and rectum (n = 7; 29.2%), rectum alone (n = 5; 20.8 %), ileum alone (n = 3; 12.5%),
ileum and colon (n = 1; 4.2%), and rectum and anus (n = 1; 4.2%).

Overall, 54 out of 175 (30.9%) IBD patients required at least one hospitalization;
patients with CD required hospitalization more frequently than those with UC (30 (42.9%)
vs. 17 (21.0%); p = 0.004). Regarding surgical procedures, 19 (10.9%) IBD patients underwent
at least one surgery; patients with CD underwent surgery more frequently than those with
UC (17 (24.3%) vs. 2 (2.9%); p < 0.001). In the whole IBD population, 11 out of 19 (57.9%)
patients underwent surgery within 5 years from diagnosis.

Neoplasm occurred in 14 (8.0%) patients; six patients developed an intestinal neoplasm
(all adenomas with mild dysplasia), while eight patients developed a miscellanea of extra-
intestinal neoplasm, including pancreatic, uterine, upper lip carcinoma, laryngeal, skin,
bladder, prostate, and breast cancer. No difference was observed in neoplasm incidence
according to IBD type.

During the analyzed period, azathioprine or methotrexate was prescribed in 29 (16.6%)
IBD patients (13 out of 70 (18.6%) CD patients, 14 out of 81 (17.3%) UC patients, two out of
24 (8.3%) IBDU patients). Biologic therapy and/or small molecule drugs were prescribed
at least once in 34 out of 175 (19.4%) IBD patients (19 out of 70 (27.1%) CD patients and
15 out of 81 (18.5%) UC patients). Among the overall number of biologic therapy and/or
small molecule prescriptions (n = 49), adalimumab accounted for the 53.1% (n = 26) of
total prescriptions, followed by infliximab (n = 10; 20.4%), vedolizumab (n = 6; 12.2%),
ustekinumab (n = 3; 6.1%), and tofacitinib (n = 3; 6.1%).
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3.2. Prevalence

IBD prevalence in the Healthcare District of Bra on 31 December 2021 was 321.2 per
100,000 population. The municipality with the lowest prevalence was Ceresole d’Alba
(167.5 per 100,000 population), while the municipality with the highest prevalence was
Sommariva Perno (753.8 per 100,000 population). Compared with 2006 (146 IBD diagno-
sis) [16], IBD prevalence grew by 46% (p = 0.001) in 2021 (220 per 100,000 population vs.
321.2 per 100,000 population). The municipality with the greatest increase was Pocapaglia
(+351%), followed by Sommariva Perno (+202%), and La Morra (+200%). Conversely, in the
municipalities of Ceresole d’Alba and Sanfrè, we observed a decrease in IBD prevalence as
there was a percentage decrease of −42% and −2%, respectively (Table 2). As per IBD type,
CD prevalence increased significantly by 76% (p = 0.003), while no significant variation was
observed for UC (+15%; p = 0.352) and IBDU (+39%; p = 0.352).

Table 2. IBD prevalence in the Healthcare District of Bra according to time-period.

Municipality IBD Prevalence
(2021)

IBD Prevalence
(2006)

Variation (%)
2006–2021

CD
Prevalence

(2021)

UC
Prevalence

(2021)

IBDU
Prevalence

(2021)

Bra 334.4 250 +34% 119.2 150.0 46.0
Ceresole d’Alba 167.5 290 −42% 111.7 55.8 0

Cherasco 222.2 160 +39% 135.8 49.4 37.0
Santa Vittoria d’Alba 439.3 270 +63% 119.8 239.6 79.9

La Morra 210.2 70 +200% 84.2 42.0 42.0
Narzole 199.1 150 +33% 33.2 132.7 33.2

Pocapaglia 315.9 70 +351% 140.4 70.2 70.2
Sanfrè 342.0 350 −2% 76.0 228.0 0

Sommariva Del Bosco 310.7 250 +24% 109.6 128.0 18.3
Sommariva Perno 753.8 250 +202% 335.0 376.9 41.9

Verduno 406.6 380 +7% 0 203.3 203.3
Health Care Disctric of Bra 321.2 220 +46% 121.5 138.9 41.7

Prevalence is reported per 100,000 population. Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel
disease; IBDU, IBD unclassified; UC, ulcerative colitis.

CD showed a lower prevalence than UC (121.5 per 100,000 vs. 138.9 per 100,000). The
lowest CD prevalence was recorded in Verduno (no CD cases), while the highest was in
Sommariva Perno (335.0 per 100,000 population). The lowest UC prevalence was recorded
in La Morra (42.0 per 100,000 population), while the highest was in Sommariva Perno
(376.9 per 100,000 population). Most of the municipalities recorded a higher prevalence for
UC compared with CD, except for Ceresole d’Alba, Cherasco, La Morra, and Pocapaglia.
IBDU showed a prevalence of 41.7 per 100,000 inhabitants, ranging from a minimum of
0 in Sanfrè and Ceresole D’Alba to a maximum of 203.3 per 100,000 population in Verduno.

3.3. Incidence

The average IBD incidence rate in the Healthcare District of Bra in the time span
2016–2021 was 18.0 per 100,000 population/year. The average IBD incidence increase
from 2001–2006 to 2016–2021 was 169%. The incidence rate estimated in the time span
2016–2021 was similar among CD and UC, while in the time-span 2001–2006 was higher
for UC, with a percentage increase of 121% in CD and 73% in UC (Table 3 and Figure 2).

Table 3. IBD incidence in the Healthcare District of Bra according to time-period.

2016 2017 2018 2019 2020 2021 2016–2021
(Mean ± SD)

2001–2006
(Mean)

Variation (%)
2006–2021

IBD 5.3 13.9 17.4 26.1 15.7 29.5 18.0 ± 8.0 6.7 169%
CD 1.8 5.2 3.5 12.2 3.5 12.1 6.4 ± 4.2 2.9 121%
UC 3.5 8.7 12.2 3.5 7.0 3.5 6.4 ± 3.3 3.7 73%

IBDU 0 0 1.7 10.4 5.2 13.9 5.2 ± 5.3 N/A

Incidence is reported per 100,000 population/year. Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel
disease; IBDU, IBD unclassified; N/A, not available; SD, standard deviation; UC, ulcerative colitis.
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4. Discussion

The prevalence of IBDs has undergone an important phase of growth during the
21st century. This increase entails new organizational needs for the Healthcare System
in order to improve patients’ management and to allow costs’ reduction. In the present
study, we investigated the clinical features and the epidemiologic scenario of IBD in a
Healthcare District of North-West Italy. As the main findings, we observed that IBD
prevalence in the Healthcare District of Bra was 321.2 per 100,000 population in 2021,
compared with 2006 (200 per 100,000 population), the prevalence has increased at a rate of
+46%. Similarly, the average incidence has increased from the period 2001–2006 (6.7 per
100,000 population/year) to the period 2016–2021 (18.0 per 100,000 population/year) at a
rate of +169%; such an increase was greater for CD than UC.

Despite some degree of variability, our data are in agreement with the results of previ-
ous epidemiologic studies carried out in Italy [5–9]. In particular, a previous Italian epidemi-
ologic study carried out in the Barletta-Andria-Trani Province of the Apulia region, found
an IBD prevalence of 187.2/100,000 (95% CI: 160.6–217.0) and an incidence of 16.2/100,000
(95% CI 12.5–20.7) per year [17]; taking into account that these data were published in 2013,
they are consistent with our findings of an increase in IBD prevalence and incidence. Con-
cerning CD and UC, we observed a prevalence of 121.5 per 100,000 population and 138.9 per
100,000 population, respectively. These data are lower than those reported from Northern Europe
(CD: 143.0 per 100,000 population and UC: 297.9 per 100,000 population), but higher than those
estimated in Asia (CD: 27.1 per 100,000 population and UC: 55.4 per 100,000 population)
and Africa (CD: 19.0 per 100,000 population and UC: 10.6 per 100,000 population) [2].
Conversely, the incidence of CD observed in our study was similar to that reported in
Northern Europe (6.4 per 100,000 population/year vs. 5.7 per 100,000 population/year, re-
spectively), while the incidence of UC was distinctly lower (6.4 per 100,000 population/year
vs. 29.8 per 100,000 population/year, respectively). As compared to data from Asia (CD:
4.2 per 100,000 population/year and UC: 3.3 per 100,000 population/year) and Africa (CD:
5.9 per 100,000 population/year and UC: 3.3 per 100,000 population/year), the incidence of
both CD and UC was higher in our population [2]. There was a decline of new diagnoses of
IBD in 2020, probably caused by a delay in the first visits due to the concomitant presence
of the SARS-CoV-2 pandemic; these diagnoses, which in the absence of a pandemic would
have occurred in 2020, presumably were performed in 2021, creating an overestimation in
that year. This is confirmed by an international survey, which found that 85% of endoscopy
units have reduced the volume of procedures by more than 50% due to the pandemic [18].

From a clinical point of view, the average age at diagnosis was about 40 years which,
having also excluded patients <14 years of age, confirms that IBD arises at a young age and
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remains a condition for the patient’s entire life [19]. The rate of hospitalizations, but above
all that of surgical interventions, although confirmed to be higher for CD (about 25%) than
for UC (about 3%), is lower than that reported in the literature (about 60% in CD, about
10% in UC) [20]. This probably derives from the fact that our study was not based on a
population of a tertiary care center but collected data from the entire population affected
by IBD living in a given territory, and therefore more closely reflects the disease trend in
the general IBD population. With regard to the use of advanced therapies (biological drugs
and small molecules), a greater use is confirmed in CD (about 30%) compared with UC
(about 20%); moreover, the percentage of the use of advanced therapies does not differ from
the literature data (more than 30% in CD, more than 10% in UC) [21]. Our figure would
perhaps have been even higher if we had also included the pediatric population [22].

The main strengths of this study are represented by involving all the general practi-
tioners operating in the district in which we analyzed the prevalence and incidence of IBD
and having checked these data with those of the only hospital in the district. The main
limitations consist in the fact that the data on the characteristics of the IBD were collected
by the medical records of the general practitioners of the patients and that the second check
with the data present in the medical records of the district hospital could only be done for
the patients by a specialist of that hospital.

5. Conclusions

In conclusion, the prevalence of IBD as of 31 December 2021 in the Health Care District
of Bra was 321.2 per 100,000 inhabitants, with a significant increase of 46% compared with
2006 (220 per 100,000 inhabitants); the average incidence of IBD in the period 2016–2021 was
18 per 100,000 inhabitants/year, with an increase of 169% compared with the period
2001–2006 (6.7 per 100,000 inhabitants/year) and the increase was greater for CD than for
UC. The incidence and prevalence values that emerged from our study were lower than the
values that emerged from other studies conducted in Italy, but comparable to the values
estimated for Europe.

These data are essential for understanding the epidemiological trend and for planning
health resources for these patients.
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Abstract: Background and objectives. Long-term proton pump inhibitor (PPI) use is frequently
encountered in primary care. Its effect on micronutrient absorption is known, as vitamin B12,
calcium or vitamin D insufficiency may occur in such patients. Materials and methods. We recruited
patients using a PPI (pantoprazole) for >12 months. The control group was represented by subjects
attending the general practitioner not taking any PPI in the last 12 months. We excluded subjects
using nutritional supplements or with diseases interfering with micronutrient blood levels. All
subjects underwent blood sampling with full blood count, iron, ferritin, vitamin D, calcium, sodium,
potassium, phosphate, zinc and folate. Results. We recruited 66 subjects: 30 in the PPI group and
36 in the control group. Long-term pantoprazole users had lower red blood cell count but similar
hemoglobin. We did not find any significant difference in blood iron, ferritin, vitamin B12 and folate.
Vitamin D deficit was observed more frequently in the PPI group (100%) than in controls (30%,
p < 0.001), with blood levels lower in pantoprazole consumers. No differences in calcium, sodium
and magnesium were observed. Pantoprazole users had lower phosphate levels than controls. Finally,
a non-significant trend for zinc deficiency was found in PPI users. Conclusions. Our study confirms
that chronic PPI users may encounter alterations in some micronutrients involved in bone mineral
homeostasis. The effect on zinc levels deserves further investigation.

Keywords: proton pump inhibitors; vitamin B12; vitamin D; Helicobacter pylori

1. Introduction

Proton Pump Inhibitors (PPIs) are a class of widely used medications with different
indications. In Italy, they are currently approved by the “Agenzia Italiana del Farmaco”
(AIFA, i.e., the Italian drug administration agency) for the management of peptic ulcer
disease, esophageal reflux disease with or without esophagitis, Zollinger–Ellison Syndrome,
non-ulcerative dyspepsia, as well as for the prevention of gastrointestinal ulcers in condi-
tions, such as chronic non-steroidal anti-inflammatory drug (NSAID) administration [1].
PPIs are also crucial in treating Helicobacter pylori infection in association with antibiotics [2].
Their mechanism of action is the inhibition of the H+,K+ ATPase located in gastric parietal
cells [3].

Long-term use of these medications has become extremely common, and some adverse
effects have been observed linked to their chronic use [4]. These adverse effects can be
divided into: (i) infective, (ii) related to hypergastrinemia and (iii) absorption deficiencies
due to hypochlorhydria [5]. Infections recognize the increase in gastric pH as a possi-
ble mechanism, i.e., the reduction in a first-line barrier against bacteria introduced with
food [5]. The most common infections associated with PPI chronic use are C. difficile
infection and non-typhoid Salmonella and Campylobacter enteric infections; studies have
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shown conflicting results for other infections, such as spontaneous bacterial peritonitis,
encephalopathy in cirrhotic patients and community-acquired pneumonia [5]. The most im-
portant effects related to hypergastrinemia are gastric hyperplasia/metaplasia and rebound
acid hypersecretion [5]. The most-studied absorption deficiencies associated with chronic
PPI administration are vitamin B12 and iron deficiency (anemia), hypomagnesemia and
alterations in vitamin D and calcium metabolism, with some studies showing an increased
bone fracture risk [5,6]; in particular, a meta-analysis of 18 studies showed that PPI use
could moderately increase the risk of hip fracture with an RR = 1.26 [7]. Other potential
adverse effects with weaker evidence are dementia and renal disease [6].

Several studies [8–11] assessed the importance of gastric acid secretion in vitamin
and mineral absorption. For example, gastric pH contributes to reducing ferric ion into
its ferrous form, which is more soluble, thus avoiding the formation of ferric complexes
that reduce absorption and bioavailability [9]. Given that defective intestinal calcium
absorption has been reported in patients with gastric achlorhydria, it is thought that the
pH-dependent ionization of calcium salts from ingested foods is a prerequisite for its
absorption [10]. Regarding vitamin B12, several factors are involved in its absorption. First,
peptic enzymes and the gastric acidic environment contribute to the release of B12 from
food; then, the gastric pH favors the binding between vitamin B12 and Haptocorrin (HC),
a protein secreted by the salivary glands [12]. This prevents vitamin B12 hydrolysis by
gastric acid and reduces degradation by intestinal microbiota [12]. In the duodenum, pH
elevation decreases the affinity between vitamin B12 and HC, promoting B12 binding to
another protein, the intrinsic factor (IF) [12]. IF is secreted by gastric mucosa and helps B12
absorption through the intestinal wall in the distal ileum by the binding to Cubulin, the
receptor of complex B12-IF [12].

It is evident that gastric acid has a role in absorption mechanisms and, thus, PPIs, by
blocking acid gastric secretion, which may likely interfere with these absorption mecha-
nisms. In this prospective case–control study, we aimed to investigate possible alterations
in micronutrients in chronic PPI users in a general practitioner setting.

2. Materials and Methods

The study was planned as a transversal case–control study. We recruited, in the
period January–December 2020, patients using PPIs (pantoprazole) for at least 12 months
attending the general practitioner. Control group was represented by subjects not taking
any PPI in the last 12 months, recruited in the same setting. We excluded subjects < 18 years
old. We excluded subjects taking oral or parenteral nutritional supplements containing
iron, folate, vitamin B12 or D, or taking other medications (such as corticosteroids), which
could influence vitamin and micronutrient levels. Additionally, we ruled out subjects with
diseases (atrophic gastritis, celiac disease, inflammatory bowel disease, and hematological
disease) that could cause alterations in micronutrient blood levels. All subjects underwent
blood sampling with full blood count, iron, ferritin, vitamin D, calcium, sodium, potassium,
phosphate, zinc and folate. The study was carried out in accordance with the Declaration of
Helsinki and approved by the Internal Gastroenterology Institutional Review Board of our
unit. Written informed consent was obtained from all subjects involved in the study. All
laboratory analyses were performed according to the local best-practice rule. Considering
the prevalence of vitamin D deficiency, by estimating a difference in prevalence of 35%
between the two groups (which is much less than what we found, i.e., 75%), an alpha
error of 0.05 and a statistical power of 80%, the total sample size would be 60 patients
(30 per group).

Student’s t test and Fisher’s exact test were used for statistical comparison for con-
tinuous and dichotomous variables, respectively. Correlation analysis was performed via
Spearman r coefficient. A multivariate binomial regression analysis was used to assess
odds ratios (ORs) and relative 95% confidence intervals (95% CIs). The statistical software
programs GraphPad Prism version 5 (San Diego, CA, USA) and SPSS 23 were used.
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3. Results

We recruited 66 subjects: 32 males and 34 females; there were 30 in the PPI group and
36 in the control group. In detail, all patients assumed pantoprazole at a dose of 40 mg/day.
Patients in the PPI group were older than controls (75.6 ± 9.6 versus 63.2 ± 16.4 years,
p < 0.001). Regarding comorbidities, the most common ones in the PPI group were hyper-
tension (n = 26) and diabetes (n = 6).

Long-term PPI users had lower red blood cell count (4.26 ± 0.52 versus 4.86 ± 0.36
× 106, p < 0.001) but similar hemoglobin and mean cell volume values. We did not
find any significant difference in blood iron (85.9 ± 22.3 versus 83.4 ± 32.3, p = 0.71),
ferritin (170.0 ± 271.0 versus 364.5 ± 677.1, p = 0.14), vitamin B12 (441.2 ± 195.5 versus
419.4 ± 227.3, p = 0.68) and folate (8.5 ± 3.5 versus 8.6 ± 2.9, p = 0.92).

Vitamin D deficiency was observed more frequently in the PPI group (100%) than
in controls (25%, p < 0.001), with blood levels lower in PPI consumers (15.5 ± 6.8 versus
36.6 ± 21.2, p < 0.001). No differences in calcium and magnesium levels were observed.
PPI users had lower phosphate (3.44 ± 0.60 versus 3.98 ± 0.73, p = 0.002).

Regarding other minerals, potassium levels were lower than controls (4.18 ± 0.47
versus 4.49 ± 0.54, p = 0.02). Finally, a non-significant trend for zinc deficiency was found
in PPI users (81.2 ± 13.9 versus 87.0 ± 12.7, p= 0.08) and also a borderline significant trend
for lower sodium levels in PPI users (139.8 ± 3.8 versus 141.8 ± 4.6, p = 0.05).

The overall results are summarized in Table 1.

Table 1. Characteristics and laboratory values of the studied population (mean ± SD or percentage).

Variables PPI Group (n = 30) Controls (n = 36) p Value

Age (y) 75.6 ± 9.6 63.2 ± 16.4 <0.001

RBC (×106/mm3) 4.26 ± 0.52 4.86 ± 0.36 <0.001

Hb (g/dL) 12.6 ± 1.9 13.2 ± 2.3 0.28

Mean corpuscolar
volume (fL) 88.8 ± 6.3 86.8 ± 1.8 0.28

WBC (×103/mm3) 6.39 ± 2.02 7.27 ± 2.25 0.99

Iron (µg/dL) 85.9 ± 22.3 83.4 ± 32.3 0.71

Ferritin (µg/L) 170.0 ± 271.0 364.5 ± 677.1 0.14

Vitamin D (ng/mL) 15.5 ± 6.8 36.6 ± 21.2 <0.001

Vitamin D deficit 30 (100%) 9 (25%) <0.001

Calcium (mg/dL) 8.7 ± 2.2 9.2 ± 0.4 0.25

Magnesium (mg/dL) 2.09 ± 0.33 2.05 ± 0.28 0.58

Phosphate (mg/dL) 3.44 ± 0.60 3.98 ± 0.73 0.002

Zinc (µg/dL) 81.2 ± 13.9 87.0 ± 12.7 0.08

Sodium (mEq/L) 139.8 ± 3.8 141.8 ± 4.6 0.05

Potassium (mEq/L) 4.18 ± 0.47 4.49 ± 0.54 0.02

Gastrin (pg/mL) 28.9 ± 37.9 39.6 ± 108.5 0.61

APCA positivity 4 (13.3%) 6 (16.7%) 0.74

Vitamin B12 (pg/mL) 441.2 ± 195.5 419.4 ± 227.3 0.68

Vitamin B12 deficit 0 (0%) 4 (11.1%) 0.12

Folate (ng/mL) 8.5 ± 3.5 8.6 ± 2.9 0.92

Folate deficit 2 (6.7%) 2 (5.5%) 1

TSH (mU/L) 2.08 ± 0.86 2.36 ± 0.95 0.21

TPO (UI/mL) 7.09 ± 96.3 96.3 ± 346.4 0.16
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To exclude the effect of age as a confounding factor for vitamins and minerals involved
in bone metabolism, we correlated age with such micronutrients and found no correlation
with vitamin D (r = 0.08, p = 0.64), calcium (r = 0.25, p = 0.18), phosphate (r = −0.22, p = 0.23)
and zinc (r = −0.23, p = 0.21).

Furthermore, a multivariate analysis aiming to explore the possible associated and
confounding factors for vitamin D deficiency, reported in Table 2, did not find any variable
associated with such a deficit.

Table 2. Multivariate analysis of factors associated with vitamin D deficiency.

OR 95% CI p Value

Calcium 0.012 0–∞ 0.971
Magnesium 0.021 0–∞ 0.967
Phosphate 2577 0.314–639 0.999

Age 0.154 0–∞ 0.960
Sex 254.21 0.236–36685 0.964

Hypertension 815.33 0–∞ 1
Diabetes 0.031 0–∞ 0.981

4. Discussion

Several studies investigated the link between chronic administration of PPIs and
vitamins and mineral absorption. According to our results, the most important studies,
which evaluated long-term use of PPIs on B12 absorption [13–16], concluded that there
were no significant alterations in vitamin B12 levels during long-term PPI therapy, except
in the case of Zollinger–Ellison syndrome patients, which were completely achlorhydric
due to heavy PPI treatment, with a consequent decrease in vitamin B12 blood levels [14].
However, the literature is quite heterogeneous when dealing with PPI-induced adverse
events. For example, we added a study that found that PPI consumers had slightly higher
vitamin B12 [17], which is in full disagreement with another that did not find any effect on
folate, B12, calcium and vitamin D [18].

There are some case reports [19] and a review [20] that correlate the chronic use of
PPIs to hypomagnesemia, with a pooled relative risk of hypomagnesemia in patients with
PPIs of 1.43 (95% CI, 1.08–1.88) [18]. The proposed mechanism [21] involves an increase in
the pH in the intestinal lumen caused by PPI chronic administration, which reduces the
affinity between the Mg+ ion and its transporter, Transient Receptor Potential Melastatin
6/7 (TRPM 6/7). This reduction in binding between Mg+ ion and its transporter may
trigger mRNA transcription of TRPM 6 in most individuals, but epigenetic modifications
may explain why hypomagnesemia occurs only in a few individuals [21]. In our study,
there was no significative difference in magnesium levels between the two groups (Table 1),
maybe due to the small sample size.

The acidic pH of gastric juice could affect the bioavailability of vitamin D, despite the
fact that there are no available data on the susceptibility of major dietary forms of vitamin D
to gastrointestinal pH conditions [22]. Another mechanism that could explain the influence
of PPIs on vitamin D homeostasis is through hypomagnesemia because several steps in
vitamin D metabolism depend on magnesium as a cofactor, such as vitamin D binding
to vitamin D binding protein, 25(OH)D synthesis, 1,25 (OH)2D synthesis, 25-hydroxylase
synthesis and vitamin D receptor expression for cellular effects [23]. Sharara et al. [24]
analyzed the effect of PPIs on bone metabolism, including vitamin D. Most of the study
participants had hypovitaminosis D at baseline, but vitamin D increased in both the PPI
and control groups after 3 months of treatment without statistically significative difference
between the two groups (p = 0.971). In another study, by Hinson et al. [25], which evaluated
the hyperparathyroidism associated with PPI therapy, the differences in vitamin D levels in
patients taking PPIs for at least 6 months and in patients without PPIs were not statistically
significant, independently from bisphosphonate co-administration. These findings do not
seem to agree with our findings: significantly lower vitamin D levels in PPI consumers
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(p < 0.001). This could be explained by the fact that the PPI-user sample is significantly
older (p < 0.001) than the non-PPI-user group in our study, as advanced age is a factor
associated with suboptimal vitamin D levels [26]. Other factors that could explain our result
could be the fact that body mass index was not considered in this evaluation, since 25 (OH)
vitamin D, which is fat-soluble, can be sequestered in the adipose tissue [27]. Additionally,
specific interfering drugs were not considered in our study design (for example, bile acid
sequestrants, anti-epileptic drugs) [28]. Finally, we selected subjects taking pantoprazole
for >12 months, a longer time from the 6 months of Hinson.

Theoretically, an acidic environment in the stomach facilitates the release of ionized
calcium from insoluble calcium salts such as calcium carbonate [29]. In fact, in achlorhydric
patients, the absorption of insoluble calcium salts such as calcium carbonate taken under
fasting conditions virtually does not occur, while soluble calcium salts such as calcium
citrate are still normally absorbed [29]. Despite these results, a review by Insogna et al. [30]
analyzed several studies about the influence of PPIs on calcium absorption, finding conflict-
ing results. Moreover, most of the analyzed studies were on patients with comorbidities
that could influence calcium metabolism (chronic kidney disease or achlorhydria). Thus, it
is not possible to state the effective role of PPIs on calcium intestinal absorption. On the
other hand, it has been demonstrated that PPIs can also inhibit osteoclast proton pumps,
reducing bone calcium phosphate reabsorption, thus decreasing calcium blood levels [31].
Our study did not show any significant differences between calcium levels in PPIs users
versus controls (Table 1). In this regard, the American Gastroenterology Association guide-
lines [32] do not support either the routine supplementation of calcium intake in chronic
PPI users, unless it is below the recommended daily allowance, independently of PPI
administration, or the routine evaluation of bone mass density in such patients.

Termanini et al. [15], in his study on patients with Zollinger–Ellison syndrome, inves-
tigated, apart from B12 levels, folate levels and complete blood counts yearly for a mean
of 4.5 years. He did not find any significant decrease in these parameters. Another study,
by Attwood et al. [33], who evaluated the safety of long-term pantoprazole therapy by
comparing the results of the LOTUS and the SOPRAN studies (two studies that compared
PPI therapy vs. surgery in GERD), demonstrated that folate levels did not vary significantly
in time in both groups (those receiving PPI therapy and those receiving surgery). These
findings are coherent with our findings on folate levels.

Gastric acid facilitates the absorption of non-heme iron by reducing ferric iron to the
more soluble ferrous form and also enhances iron salt dissociation from ingested food
and allows for the formation of complexes with amines and sugars that also increase
absorption [4]. Thus, it is expected that PPIs, by reducing gastric acid secretion, can
potentially cause iron malabsorption. Two relatively recent case–control studies [34,35]
investigated the link between chronic PPI administration and iron deficiency, finding a
positive association between the two conditions, with a stronger association for higher
daily doses (>1.5 vs. <0.75 PPI pills/d; p value interaction = 0.004), and decreased after
medication discontinuation (p-trend < 0.001) [34]. Despite these results, a review by
Priyanka et al. [36] concluded that “clinically significant iron deficiency is less likely to
occur with the long-term use of PPIs in normal subjects although it may happen”. However,
PPI use may be associated with difficulty in achieving adequate iron store repletion in
iron-deficient subjects. In our study, there was no significant difference in blood iron
between subjects taking PPIs and the control group (Table 1).

Finally, we found a non-significant trend for zinc deficiency in PPI users (p = 0.08)
(Table 1). A study by Farrell et al. [37] evaluated the effect of PPIs on zinc absorption and
storage; they found significantly lower levels of blood zinc in chronic PPI users vs. controls,
despite the low numerosity in the samples (75 ± 3 mcg/dL vs. 91 ± 3 mcg/dL, p = 0.004).
Surprisingly, this issue has not been investigated extensively in the literature; therefore, our
paper might have merit to have shed new light on the topic, deserving further investigation.

Our study suffers from some limitations, such as the small sample and the missed
evaluation of potentially confounding factors including eating habits. However, this was
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a pilot study performed on a few patients under the care of a single physician; therefore,
larger samples are necessary. Furthermore, our study did not evaluate baseline levels
of micronutrients, and a study with a follow-up before and after long-term use of PPIs
could have been more proper and provided more interesting results. Some imbalances
in group composition could be another limitation; for example, the age in the PPI group
was higher than in controls. However, the fact that PPI-taking subjects were older than
controls may be explained by the fact that these drugs are mostly needed by elderly
patients in the long term. However, we found that age did not correlate with any of
the levels of micronutrients involved in bone metabolism (Vitamin D, Ca, Zn and P),
as shown in Figure 1. This could provide evidence that the use of PPIs could play a
role in the deficiency of such molecules more than the age itself [38]. The primary care
context is, however, a field in which chronic PPI effects on micronutrients have been
poorly explored so far. Sarzynski et al. [39] performed a similar case–control study in
an academic outpatient population, but it was retrospective and evaluated only blood
markers related to iron deficiency (hemoglobin, hematocrit, mean corpuscular volume).
Qorraj-Bytyqi et al. [40] prospectively analyzed vitamin B12, homocysteine and ferritin
levels in a population of patients with osteoarthritis undergoing 12 months of PPI therapy
associated with NSAIDs at baseline and after 12 months. Thus, other existing studies
have some differences from our study, and we did not find other similar studies in general
practitioner settings. Moreover, the several existing studies come to different conclusions,
and the most recent guidelines [32] do not recommend routine screening or monitoring of
bone mineral density, serum creatinine, magnesium or vitamin B12. Moreover, the results
of our study and the evidence from the literature should be interpreted with wit, and,
when PPI indication is evidence-based, there is no reason for PPI withdrawal because
of fear of side effects [41,42]. Of note, ten patients showed APCA positivity, which did
not reflect the presence of atrophy at gastric biopsy; such patients could be considered
as potential autoimmune gastritis cases [43], but the absence of atrophy warrants that
impaired absorption is secondary to pantoprazole and not atrophic gastritis.
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Figure 1. Correlation between age and blood levels of vitamin D (a), phosphate (b), zinc (c) and 
calcium (d). 
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5. Conclusions

Despite the above-cited limitations, our study seems to confirm that chronic pantopra-
zole use may engender alterations in micronutrients involved in bone mineral homeostasis,
while other element absorption, such as iron and B12, seem not to be affected. Interestingly,
the effect on zinc levels is an interesting finding, which requires further investigation.
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