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Beyazgül and Özkan Ufuk Nalbantoğlu

Efficacy of AI-Assisted Personalized Microbiome Modulation by Diet in Functional
Constipation: A Randomized Controlled Trial
Reprinted from: J. Clin. Med. 2022, 11, 6612, doi:10.3390/10.3390/jcm11226612 . . . . . . . . . . . 97

Joseph Mugaanyi, Lei Dai, Changjiang Lu, Shuqi Mao, Jing Huang and Caide Lu

A Meta-Analysis and Systematic Review of Normothermic and Hypothermic Machine
Perfusion in Liver Transplantation
Reprinted from: J. Clin. Med. 2023, 12, 235, doi:10.3390/10.3390/jcm12010235 . . . . . . . . . . . 107

v



Jiayin Yao, Heng Zhang, Tao Su, Xiang Peng, Junzhang Zhao, Tao Liu, et al.

Ustekinumab Promotes Radiological Fistula Healing in Perianal Fistulizing Crohn’s Disease: A
Retrospective Real-World Analysis
Reprinted from: J. Clin. Med. 2023, 12, 939, doi:10.3390/10.3390/jcm12030939 . . . . . . . . . . . 121

Lisa Lellouche, Maxime Barat, Anna Pellat, Juliette Leroux, Felix Corre, Rachel Hallit, et al.

Impact of Sarcopenia on Survival in Patients Treated with FOLFIRINOX in a First-Line Setting
for Metastatic Pancreatic Carcinoma
Reprinted from: J. Clin. Med. 2023, 12, 2211, doi:10.3390/10.3390/jcm12062211 . . . . . . . . . . . 133

Shingo Ono, Hiroto Furuhashi, Shunsuke Kisaki, Hideka Horiuchi, Hiroaki Matsui,

Akira Dobashi, et al.

Sarcopenia Is a Prognostic Factor in Patients Undergoing Percutaneous Endoscopic
Gastrostomy
Reprinted from: J. Clin. Med. 2023, 12, 3360, doi:10.3390/10.3390/jcm12103360 . . . . . . . . . . . 143

vi



Citation: Ueda, T.; Suzuki, H. Special

Issue: “10th Anniversary of

JCM—Recent Diagnostic and

Therapeutic Advances in

Gastroenterology and

Hepatopancreatobiliary Medicine”. J.

Clin. Med. 2022, 11, 6008. https://

doi.org/10.3390/jcm11206008

Received: 29 September 2022

Accepted: 10 October 2022

Published: 12 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 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

Editorial

Special Issue: “10th Anniversary of JCM—Recent Diagnostic
and Therapeutic Advances in Gastroenterology and
Hepatopancreatobiliary Medicine”

Takashi Ueda and Hidekazu Suzuki *

Division of Gastroenterology and Hepatology, Department of Internal Medicine, Tokai University School of
Medicine, 143 Shimokasuya, Isehara, Kanagawa 259-1193, Japan
* Correspondence: hsuzuki@tokai.ac.jp

This Special Issue, “10th Anniversary of JCM—Recent Diagnostic and Therapeutic Ad-
vances in Gastroenterology and Hepatopancreatobiliary Medicine”, presents five original
articles and two review articles.

In this issue, three original articles from Japan are related to the evaluation of the latest
endoscopic technology, from which we can see that advanced innovations are being made
that are constantly evolving. Among them, the progress of new endoscopic diagnoses using
image enhancement technology is remarkable. Nishizawa et al. in our team investigated
the effectiveness of texture- and color-enhancement imaging (TXI, Olympus Co. Ltd.
Tokyo, Japan) in the imaging of serrated colorectal polyps, including sessile serrated lesions
(SSLs) [1]. In their investigation, SSLs were observed using white-light imaging (WLI), TXI,
narrow-band imaging (NBI), and chromoendoscopy with and without magnification. We
concluded that TXI was significantly superior to WLI but inferior to chromoendoscopy in
the imaging of serrated polyps and the sub-analysis of SSLs [1]. In addition to TXI, each
endoscope manufacturer introduced new technologies one after another.

Remarkable advances have also been made in treatment instruments for endoscopic
submucosal dissection. Fujinami et al. evaluated the utility of the S-O clip during col-
orectal endoscopic submucosal dissection (ESD) [2]. They compared the time required
for endoscopic treatment, the dissection speed, the en bloc resection rate, and the compli-
cation rate between the groups. The S-O clip group had a significantly shorter surgery
duration, a significantly higher dissection speed, a significantly higher en bloc resection
rate (98.8% vs. 80.9%; p ≤ 0.001), and a significantly lower perforation rate (1.3% vs. 4.3%)
than the non-S-O clip group, especially in cases of lesions in the right colon [2].

On the other hand, insufflation during endoscopy may cause gastrointestinal symp-
toms. Therefore, the amount of insufflation should be as small as possible. Furthermore,
it is thought that these symptoms can be alleviated by replacing ordinary air with CO2.
Fujisawa et al. reported the effectiveness of CO2 insufflation in patients undergoing nasal
endoscopy without sedation [3]. According to their study, visual analog scale (VAS) scores
for abdominal distension (15.4 vs. 25.5; p < 0.001) and distress from flatus (16.0 vs. 28.8;
p < 0.001) 2 h postprocedure were significantly reduced in the CO2 group [3].

Gastric cancer screening programs are a major problem, especially in East Asian
countries where gastric cancer deaths are high. In Japan, while endoscopic gastric cancer
screening has been initiated nationwide, the incidence of Helicobacter pylori infection has
decreased, and the number of cases following H. pylori eradication has increased. Moreover,
the importance of ABC classification (combination of anti-H. pylori IgG antibody test
with serum pepsinogen test), which reflects H. pylori infection status and gastric atrophy
before endoscopic screening, is increasingly recognized. Yashima et al. emphasized that
considering its cost effectiveness, disseminating the use of endoscopic screening would be
advantageous in establishing a new medical examination provision system that conducts
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examinations at appropriate screening intervals according to the individual’s background
and gastric cancer risks [4].

Gastrointestinal bleeding is a disease with a poor prognosis, especially in older adults
and in patients with comorbidities; not only might hemostasis affect prognosis, but so
might early drug intervention. In this Special Issue, Ting et al. examined whether early
tranexamic acid (TXA) administration reduced the risk of mortality in Taiwanese patients
with gastrointestinal bleeding [5]. The incidence of mortality significantly decreased during
the first and fourth weeks (adjusted HR (aHR): 0.65, 95% CI: 0.56–0.75). A Kaplan–Meier
curve revealed a significant decrease in the cumulative incidence of mortality in the early
TXA treatment group (log-rank test, p < 0.0001). Conversely, thromboembolic events were
not significantly associated with early or late TXA treatment (aHR: 1.03, 95% CI: 0.94–1.12).
The Kaplan–Meier curve also revealed no significant difference in either venous or arterial
events (log-rank test: p = 0.3654 and 0.0975, respectively). They concluded that early TXA
treatment was associated with a reduced risk of mortality in patients with gastrointestinal
bleedig, without an increase in thromboembolic events [5].

For the treatment of ulcerative colitis and Crohn’s disease, many therapeutic options,
including biological agents, have been introduced in recent years. Such new therapeutic
interventions are expected to have positive effects on the long-term prognosis and quality
of life of patients. As you all know, Crohn’s disease (CD) is known to lead to a poor
health-related quality of life (HRQoL). Presented in this Special Issue is a systematic review
by Aladraj et al., who evaluated the effects of biological agents and small-molecule drugs
in improving the HRQoL of patients with moderate-to-severe CD [6]. Among the 16
multicenter, multinational RCTs, 13 studies showed a significant (p < 0.05) improvement
in the HRQoL of patients with CD, and finally, revealed a substantial improvement in the
HRQoL of patients with CD using biological agents and small-molecule drugs [6].

Furthermore, from the field of liver surgery, Katou et al. also presented new findings
regarding surgery for liver metastases [7]. They evaluated the outcomes of patients who
underwent liver surgery for liver metastasis of non-colorectal and non-neuroendocrine
tumors (NCRNNELMs) and colorectal liver metastases (CRLMs) [7]; they analyzed the
prognostic factors of overall and recurrence-free survival, and compared survival between
the two groups. The 5-year overall survival rates were 38% for NCRNNELM and 55% for
CRLM, suggesting that resection for NCRNNELM showed comparable results to resection
for CRLM [7].

In this Special Issue, we assemble these seven outstanding articles showing advances
in endoscopic technology, the current state of gastric cancer screening programs in Japan,
drug interventions for gastrointestinal bleeding, quality of life in patients with Crohn’s
disease with recent new biological treatment options, and liver metastasis surgery. We
believe that this special feature will bring further progress in the field of Gastroenterology
and Hepatopancreatobiliary Medicine.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Background and aim: Olympus Corporation released the texture and color enhancement
imaging (TXI) technology as a novel image-enhancing endoscopic technique. We investigated the
effectiveness of TXI in the imaging of serrated colorectal polyps, including sessile serrated lesions
(SSLs). Methods: Serrated colorectal polyps were observed using white light imaging (WLI), TXI,
narrow-band imaging (NBI), and chromoendoscopy with and without magnification. Serrated polyps
were histologically confirmed. TXI was compared with WLI, NBI, and chromoendoscopy for the
visibility of the lesions without magnification and for that of the vessel and surface patterns with
magnification. Three expert endoscopists evaluated the visibility scores, which were classified from
1 to 4. Results: Twenty-nine consecutive serrated polyps were evaluated. In the visibility score
without magnification, TXI was significantly superior to WLI but inferior to chromoendoscopy in the
imaging of serrated polyps and the sub-analysis of SSLs. In the visibility score for vessel patterns
with magnification, TXI was significantly superior to WLI and chromoendoscopy in the imaging
of serrated polyps and the sub-analysis of SSLs. In the visibility score for surface patterns with
magnification, TXI was significantly superior to WLI but inferior to NBI in serrated polyps and in the
sub-analysis of SSLs and hyperplastic polyps. Conclusions: TXI provided higher visibility than did
WLI for serrated, colorectal polyps, including SSLs.

Keywords: TXI; sessile serrated lesion; hyperplastic polyp; colonoscopy

1. Introduction

Globally, colorectal cancer is the third most diagnosed malignancy [1]. The endo-
scopic resection of colorectal polyps could reduce colorectal cancer mortality by over 50%,
providing evidence for the importance of endoscopic resection [2,3].

Recently, the serrated polyp–cancer sequence has received considerable attention,
and it is responsible for up to 20% of all sporadic colorectal cancers. Serrated polyps are
classified into three categories: hyperplastic polyps (HPs), sessile serrated lesions (SSLs),
and traditional serrated adenomas [4]. Of these, SSL and traditional serrated adenoma
are both precursors of cancer [5]. SSL predominantly occurs in the right side of the colon
and is associated with B-RAF mutation and high microsatellite instability [6]. SSL is often
difficult to detect because it typically has indistinct borders, and the color is similar to the
background mucosa or is slightly faded [7]. SSL is often overlooked, though it accounts for
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a significant proportion of interval cancers [8]. Thus, it is desirable to improve the detection
sensitivity for SSL.

Recently, Olympus Corporation released texture and color enhancement imaging
(TXI) as an image-enhanced endoscopy technology in the new endoscopy system EVIS
X1. Briefly, TXI enhances texture and color and adjusts brightness. TXI consists of six
consecutive processes: (i) The input image is split into a base layer and detail layer. (ii) The
brightness in the dark regions of the base layer is adjusted. (iii) Tone-mapping is applied to
the corrected base layer. (iv) Texture enhancement is applied to the detail layer to enhance
the subtle contrast. (v) The base layer after tone-mapping and the detail layer after texture
enhancement are recombined. A TXI image produced in the fifth step is TXI mode 2 (texture
and brightness enhancement). (vi) Color enhancement is applied to the output of TXI mode
1 to more clearly define the slight color contrast. The color enhancement algorithm of TXI
was designed to expand the color difference between red and white hues in the image. TXI
more greatly improves the visibility for colorectal adenoma than does white light imaging
(WLI). In this study, we investigate the effectiveness of TXI for colorectal serrated polyps,
especially SSLs.

2. Methods

2.1. Patients

We enrolled patients who underwent endoscopic resection for serrated colorectal
lesions at Toyoshima Endoscopy Clinic from March to June 2021. When colorectal lesions
were endoscopically diagnosed or were suspected to be SSLs, they were removed. When
patients had multiple polyps, the polyps were treated individually. All of the resected
specimens were examined histologically under hematoxylin and eosin staining. Indications
for colonoscopy included the evaluation for symptoms, examination for a positive fecal
occult blood test, polyp surveillance, and a medical check-up [9].

2.2. Ethics

This study was conducted in accordance with the ethical guidelines of the Declaration
of Helsinki. This study was approved by the Certificated Review Board of Yoyogi Mental
Clinic on 16 July 2021 (approval no. RKK227).

2.3. Endoscopy

We used the EVIS X1 video system center (CV-1500), a 4K resolution ultra-high-
definition liquid crystal display monitor (OEV321UH), and a CF-HQ290Z colonoscope
(Olympus Corp., Tokyo, Japan). For chromoendoscopy, we used 0.05% indigo carmine [10].

One expert endoscopist performed the colonoscopy and observation using the WLI,
TXI, narrow band imaging (NBI), and chromoendoscopy modalities [11]. Lesions were first
washed carefully with water to remove the mucus. Images were then obtained through WL,
TXI, and NBI with distanced observation, followed by magnified observation. The lesions
were subsequently stained for chromoendoscopy with indigo carmine, and images were
obtained with and without magnification. TXI has mode 1 and mode 2. Mode 2 involves
texture enhancement and brightness adjustment, and mode 1 adds color enhancement to
mode 2. Mode 1 was used in this study.

2.4. Visibility Scoring

We investigated the visibility of the lesions, the vessel patterns, and surface patterns.
The visibility of the lesions was defined as the detectability of the lesions without

magnification. The visibility of the vessel patterns was defined as the visibility of micro-
vessels and varicose microvascular vessels using magnification. The visibility of the surface
patterns was defined as the visibility of the mucosal structure, including the white zone,
pit, and expanded crypt opening, using magnification. An expanded crypt opening is a
feature of SSLs.
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As in previous reports, the visibility score was defined as follows: 4, excellent (easily
detectable); 3, good (detectable with careful observation); 2, fair (hardly detectable without
careful examination); and 1, poor (not detectable without repeated careful examination) [12,13].
Representative images of each score are shown in Figures 1 and 2. Three expert endoscopists
evaluated the visibility scores.

 

Figure 1. Representative images of a sessile serrated lesion without magnification. (A) white-light
imaging, (B) texture and color enhancement imaging, (C) narrow-band imaging, (D) chromoendoscopy.

7
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Figure 2. Representative images of sessile serrated lesion with magnification. (A) white-light imaging,
(B) texture and color enhancement imaging, (C) narrow-band imaging, (D) chromoendoscopy.

2.5. Statistical Analysis

The continuous variables are expressed as mean ± standard deviation (SD). Continu-
ous data between the four groups were compared using Dunn’s test with the Kruskal–Wallis
test. Continuous data between the two groups were compared using the signed-rank test.
Calculations were performed using Stat Mate IV software (version 4.01, ATOMS, Tokyo,
Japan). Statistical significance was defined as a p < 0.05.

3. Results

3.1. Patients

Table 1 shows the clinicopathological characteristics of the 27 consecutive patients
with 29 serrated polyps evaluated in this study. Histologically, there were 18 SSLs and
11 microvesicular mucin-rich type hyperplastic polyps.

8
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Table 1. Clinicopathological characteristics of patients and adenomas.

Serrated Polyps, n. 29

Histological subtype; n.
Sessile serrated lesion 18
Microvesicular mucin-rich type hyperplastic polyp 11
Goblet cell-rich type hyperplastic polyp 0

Location; n., cecum, ascending, transverse, descending, sigmoid,
rectum 4, 12, 10, 0, 3, 0

Size, mean (standard deviation, range); mm 9.0 (4.29, 3–18)
Morphology; n., Ip, Is, IIa, IIb 0, 0, 29, 0

3.2. Visibility Score for the Lesion without Magnification

The lesion visibility score of TXI was significantly higher than that of WLI but lower
than that of chromoendoscopy in serrated polyps and the sub-analysis of SSLs (Table 2).

Table 2. Visibility scores without magnification for WLI, TXI, NBI, and chromoendoscopy.

WLI TXI NBI Chromoendoscopy

All serrated polyps
Mean visibility score (SD) 2.27 (0.75) 2.93 (0.76) *** 2.74 (0.79) ** 3.45 (0.68) ***, †††, ‡‡‡

SSLs
Mean visibility score (SD) 2.25 (0.76) 2.90 (0.77) *** 2.65 (0.79) 3.45 (0.64) ***, ††, ‡‡‡

Hyperplastic polyps
Mean visibility score (SD) 2.30 (0.72) 2.97 (0.67) ** 2.88 (0.77) * 3.45 (0.74) ***, ‡

The visibility score was defined as follows: 4, excellent (easily detectable); 3, good (detectable with careful
observation; 2, fair (hardly detectable without careful examination); and 1 poor (not detectable without repeated
careful examination). WLI, white light imaging; TXI, texture and color enhancement imaging; NBI, narrow-band
imaging; SD, standard deviation. ***: p value < 0.001 compared with WLI, **: p value < 0.01 compared with WLI,
*: p value < 0.05 compared with WLI, †††: p value < 0.001 compared with TXI, ††: p value < 0.01 compared with
TXI, ‡‡‡: p value < 0.001 compared with NBI, ‡: p value < 0.05 compared with NBI.

3.3. Visibility Score for Vessel Pattern with Magnification

The visibility score of TXI for the vessel pattern with magnification was significantly
higher than that of WLI and chromoendoscopy in serrated polyps and the sub-analysis of
SSLs (Table 3).

Table 3. Visibility scores of vessel pattern and surface pattern with magnification for WLI, TXI, NBI,
and chromoendoscopy.

WLI TXI NBI Chromoendoscopy

All serrated polyps
Vessel pattern (SD) 2.30 (0.74) 2.91 (0.80) ***, ††† 3.23 (0.84) ***, ††† 2.21 (0.83)
Surface pattern (SD) 1.86 (0.64) 2.75 (0.68) *** 3.46 (0.70) ***, ‡‡‡, ††† 2.79 (0.75) ***

SSLs
Vessel pattern (SD) 2.24 (0.74) 2.89 (0.81) ***, †† 3.19 (0.86) ***, ††† 2.30 (0.87)
Surface pattern (SD) 1.80 (0.62) 2.70 (0.66) *** 3.39 (0.78) ***, ‡‡‡, †† 2.83 (0.76) ***

Hyperplastic polyps
Vessel pattern (SD) 2.41 (0.73) 2.96 (0.79) ††† 3.33 (0.77) ***, ††† 2.04 (0.69)
Surface pattern (SD) 2.00 (0.67) 2.85 (0.70) ** 3.59 (0.49) ***, ‡‡, ††† 2.70 (0.71) *

WLI, white light imaging; TXI, texture and color enhancement imaging; NBI, narrow-band imaging; SD, standard
deviation. ***: p value < 0.001 compared with WLI, **: p value < 0.01 compared with WLI, *: p value < 0.05
compared with WLI, †††: p value < 0.001 compared with chromoendoscopy, ††: p value < 0.01 compared with
chromoendoscopy, ‡‡‡: p value < 0.001 compared with TXI, ‡‡: p value < 0.01 compared with TXI.
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3.4. Visibility Score for Surface Pattern with Magnification

The visibility score of TXI for the surface pattern with magnification was significantly
higher than that of WLI but lower than that of NBI in serrated polyps and the sub-analysis
of SSLs and hyperplastic polyps (Table 3).

3.5. Visibility Scores for WLI and TXI by Each Expert Endoscopist

The visibility scores of TXI with and without magnification were significantly higher
than those of WLI (Table 4). The visibility improvement in TXI was consistent among the
three expert endoscopists.

Table 4. Visibility scores for WLI and TXI assigned by each expert endoscopist.

WLI TXI

Mean visibility scores without magnification (SD)
Expert endoscopist 1 2.29 (0.71) 2.75 (0.75) ***
Expert endoscopist 2 2.46 (0.83) 3.00 (0.77) ***
Expert endoscopist 3 2.07 (0.66) 3.04 (0.69) ***

Visibility scores of vessel pattern with magnification
Expert endoscopist 1 1.85 (0.60) 2.37 (0.74) ***
Expert endoscopist 2 2.52 (0.85) 2.89 (0.70) **
Expert endoscopist 3 2.52 (0.58) 3.48 (0.58) ***

Visibility scores of surface pattern with magnification
Expert endoscopist 1 1.62 (0.88) 2.48 (0.80) ***
Expert endoscopist 2 1.89 (0.51) 2.74 (0.59) ***
Expert endoscopist 3 2.07 (0.38) 3.04 (0.52) ***

WLI, white light imaging; TXI, texture and color enhancement imaging; SD, standard deviation. ***: p value < 0.001
compared with WLI, **: p value < 0.01 compared with WLI.

4. Discussion

This study showed that TXI with and without magnification provided higher visibility
than WLI did for serrated colorectal polyps, including SSL. However, non-magnified TXI
was inferior to chromoendoscopy, and magnified TXI for surface patterns was inferior to
magnified NBI. This is the first report on the efficacy of TXI for serrated colorectal polyps,
including SSL.

Olympus Corp. first developed the NBI as an innovative image-enhanced endoscopy
technology in 2007 [14]. Fujifilm Corp. developed blue light imaging (BLI) as a similar
product. NBI and BLI are mainly used for magnified endoscopy and the detection of
esophageal cancer [15,16]. Fujifilm Corp. also developed the linked color imaging (LCI)
method, which is mainly used to detect lesions without magnification [17]. A randomized
controlled trial (RCT) showed that LCI was significantly superior to standard WLI for
polyp detection [18]. Currently, LCI-based observations are becoming standard instead of
WLI. However, Olympus did not have a mode corresponding to that of LCI until recently.
Olympus released TXI as a mode similar to that of LCI. Although LCI and TXI have similar
concepts, there are several differences in their principles. LCI uses ambient light with
wavelengths of 410 nm and 450 nm, the images are converted to resemble those of WLI, and
color is enhanced such that red is changed to vivid red and white is changed to clear white.
On the other hand, TXI uses white light, texture and color are enhanced, and brightness is
adjusted. There is no study that directly compares TXI and LCI. The comparison between
TXI and LCI is a future issue. The global share of Olympus Corp. is 70% for gastrointestinal
endoscopy, so the spread of TXI may exceed that of LCI.

TXI provides higher visibility than does WLI for colorectal adenomas. In the present
study, we found that TXI provided higher visibility than did WLI for serrated colorectal
polyps. Taken together, this might imply that TXI can replace WLI in the detection of
premalignant polyps in colonoscopy.
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It is controversial whether LCI allows for better SSL detection. Fujimoto et al. showed
that LCI was the most sensitive mode for SSL detection among WLI, BLI, and LCI in still-
image examinations. Furthermore, their RCT of tandem colonoscopy with WLI and LCI
suggested that LCI is superior to WLI in SSL detection [19]. An RCT by Dos Santos showed
that LCI enables better adenoma detection, with a borderline significance for a higher
detection of sessile serrated adenomas (p = 0.05) [20]. Conversely, an RCT by Paggi et al.
showed that LCI allowed for better adenoma detection, but not for SSL detection [21]. Our
study showed that TXI was significantly superior to WLI for SSL detection in still-image
examinations. With regard to the SSL detection rate during colonoscopy, prospective RCTs
are required in the future.

In this study, TXI was inferior to chromoendoscopy in SSL detection. Furthermore,
the magnified TXI was inferior to the magnified NBI in terms of the visibility of surface
patterns. On the other hand, Kitagawa et al. found that magnified LCI with indigo carmine
was superior to magnified BLI [22]. Sakamoto et al. also reported that magnified LCI with
crystal violet staining provided more diagnostic information than magnified blue light
imaging (BLI) and WLI [23]. TXI with chromoendoscopy might be also promising, and
needs to be further investigated in future studies.

Texture plays an important role in the identification of regions of interest in an image;
hence, texture enhancement is a meaningful component in digital image processing [24,25].
There are several reports on the quantitative analysis of TXI. Sato et al. performed a
quantitative analysis using endoscopic images of the gastrointestinal tract from an in vivo
porcine study [26]. Their quantitative analysis included edge-based contrast measurements,
the standard deviation of the averaged illumination, and the color difference. In the analysis
of edge-based contrast measure, TXI had higher value than WLI, showing that TXI can
enhance image contrast, arising from texture enhancement. This study also revealed that
TXI can reduced the standard deviation of the illumination nonuniformity compared with
white light imaging (WLI). This improvement was achieved by selectively enhancing the
brightness in dark areas. In the analysis of color difference, TXI had a higher color difference
than WLI due to color enhancement. Ishikawa et al. also analyzed the color difference
between neoplastic and peripheral areas of twelve gastric neoplasms in WLI and TXI [27].
The color difference was significantly higher in TXI than in WLI.

The present study had some limitations. The sample size was small, although statisti-
cally significant differences were observed. Larger prospective studies are required in the
future. Even though this was a single-center, retrospective study, because our institution
specializes in endoscopy, the endoscopic environment was well managed.

5. Conclusions

The visibility provided by non-magnified TXI was higher than that provided by WLI
and lower than that provided by chromoendoscopy for serrated polyps, including SSLs.
The visibility provided by magnified TXI was higher than that provided by WLI but
lower than that provided by NBI. TXI could be a suitable modality for the detection of
premalignant colorectal polyps.
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Abstract: This study aimed to assess the utility of the S-O clip during colorectal endoscopic submu-
cosal dissection (ESD). We conducted a retrospective study on 185 patients who underwent colorectal
ESD from January 2015 to January 2020. The patients were divided into two groups: before and
after the introduction of the S-O clip. Forty-two patients underwent conventional ESD (CO group)
and 29 patients underwent ESD using the S-O clip (SO group). We compared the surgery duration,
dissection speed, en bloc resection rate, and complication rate between both groups. Compared
with the CO group, the SO group had a significantly shorter surgery duration (70.7 ± 37.9 min vs.
51.2 ± 18.6 min; p = 0.017), a significantly higher dissection speed (15.1 ± 9.0 min vs. 26.3 ± 13.8 min;
p < 0.001), a significantly higher en bloc resection rate (80.9% vs. 98.8%; p ≤ 0.001), and a significantly
lower perforation rate (4.3% vs. 1.3%). In the right colon, the surgery duration was significantly
shorter and the dissection speed was significantly higher in the SO group than in the CO group.
Moreover, the rate of en bloc resection improved significantly in the right colon. S-O clip-assisted
ESD reduces the procedure time and improves the treatment effects, especially in the right colon.

Keywords: endoscopic submucosal dissection; colorectal tumor; traction method

1. Introduction

Endoscopic submucosal dissection (ESD) is an established treatment for intramucosal
tumors of the gastrointestinal tract, including the colon and rectum. This method, com-
pared to conventional endoscopic mucosal resection (EMR), enables en bloc resection of
larger lesions and has a low recurrence rate of 0.4–1.0% [1,2]. Colorectal ESD has several
limitations, including an anatomically difficult procedure, a longer procedure compared
to that of endoscopic mucosal resection, and a high risk of perforation and bleeding [2–5].
Moreover, some studies have reported life-threatening complications, such as perforation,
the incidence of which was 4.1–5.3% [6,7].

Performing traction-assisted ESD will be easier if the submucosal layer can be directly
visualized after the mucosal cut. Several traction techniques on lesions have been reported
to be effective during ESD for large early gastric and colorectal cancers [8]. In particular,
the S-O clip (TC1H05; Zeon Medical Co., Ltd., Tokyo, Japan) has been reported to be safe to
use and to hasten colorectal ESD [9,10]. This study aimed to assess the utility of colorectal
ESD using the S-O clip.

2. Materials and Methods

2.1. Patients

In this retrospective study, medical record of all patients who underwent colorec-
tal ESD at the Toyama University Hospital were reviewed. Patients were divided into
two groups according to the date of ESD procedure as S-O clip (Figure 1) were introduced in
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May 2017: the CO group underwent conventional ESD from September 2015 to April 2017,
and the SO group underwent S-O clip-assisted ESD from May 2017 to January 2020. The
indications for ESD included (1) a colonic neoplasm (adenoma and carcinoma) measuring
>20 mm that was difficult to resect en bloc by conventional EMR, (2) a suspicion of an
intramucosal lesion, and (3) the absence of submucosal invasion on magnifying endoscopy.
Patients were excluded if they (1) had a rectal lesion, (2) showed a non-lifting sign or had
residual lesions after endoscopic resection, or (3) had a lesion measuring >50 mm. All pro-
cedures were performed by five endoscopists who had performed more than 20 gastric
ESD procedures.

 
Figure 1. The external appearance of an S-O clip. The S-O clip comprised a metal clip (ZEOCLIP;
Zeon Medical Co., Ltd.) and a 5 mm long spring. A nylon loop is attached to the other side of the
spring and fixed to the colon wall using a second clip. The S-O clip can be passed through the channel
of a conventional endoscope.

2.2. ESD Preparation

A single-channel endoscope with a water-jet function (PCF-Q260AZI or PCF-H290ZI;
Olympus Optical Co., Ltd., Tokyo, Japan) was prepared for the ESD. A transparent hood
was attached to the endoscope to provide sufficient space and facilitate submucosal
dissection. A solution containing sodium hyaluronate (MucoUp; Boston Scientific Co.,
Tokyo, Japan), saline, and a small quantity of indigo carmine were injected into the submu-
cosal layer. As the border of the colonic neoplasm was generally clearly visible, no marking
was carried out. Carbon dioxide (CO2) was used in all cases for insufflation.

Using the Jet-B knife (BSJB15B; Zeon Medical Co., Ltd.) and the SB Knife Jr (MD-
47703; Sumitomo Bakelite, Tokyo, Japan), a circumferential mucosal incision was made
and submucosal dissection was performed. Hemostasis was performed using Coagrasper
(FD-411QR; Olympus Optical Co., Ltd.) with an electric surgical unit (VIO 300D; ERBE,
Tübingen, Germany). The electrical power setting for the Jet-B knife was as follows:
(1) dry-cut mode, effect 2, 50 W for the mucosal incision; and (2) forced-coagulation mode,
effect 2, 50 W for the submucosal dissection. The setting for the SB Knife Jr was endo-cut
Q-mode, effect 1, duration 1, interval 1, and that for the soft-coagulation mode was effect 4,
40 W for hemostasis. The setting for the Coagrasper was the soft-coagulation mode, effect 2,
40 W. All procedures were recorded on DVDs.

2.3. Conventional Colonic ESD

Using the Jet-B knife, an initial mucosal incision was made on the anal side of the
lesion, followed by submucosal dissection. Next, the mucosal incision was extended to the
right and to the left, and the submucosal layer under the extended area was dissected. When
hemorrhage occurred during surgery, hemostasis was achieved using the Jet-B knife in the
forced-coagulation mode or by using the Coagrasper [11]. In technically difficult situations,
the SB Knife Jr was used thanks to its safety and usefulness [12,13]. Mucosal incisions
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and submucosal dissections were repeated; then, circumferential mucosal incisions and
submucosal dissections were performed.

2.4. S-O Clip-Assisted ESD

First, a circumferential incision on the mucosal layer was performed using the Jet-B
knife or the SB Knife Jr. Then, the S-O clip was attached to the proximal edge of the lesion
(Figure 2A,B). Another clip was used to grasp the nylon loop attached to the tip of the
spring and then pulled one in front and was fixed to the colon wall opposite the lesion
(Figure 2C,D). This traction force allowed for adequate visualization of the submucosal
cutting line, which resulted in a fast and safe dissection (Figure 2E). After the dissection,
the S-O clip was detached from the colon wall and the specimen was collected (Figure 2F).

2.5. Evaluation of Therapeutic Efficacy and Complications

The surgery duration, dissection speed, complete resection rate, perforation rate, and
bleeding rate were compared between the two groups and assessed separately for the
right colon (i.e., transverse colon, ascending colon, and cecum) and the left colon (i.e.,
descending colon and sigmoid colon). The surgery duration was calculated from the initial
mucosal incision to the end of submucosal dissection. The dissection time was defined as
the time-lapse from the end of the circumferential mucosal cut to the end of submucosal
dissection. The lesion area, which was approximated as an ellipse, was determined by
measuring the major axis (A) and the minor axis (B). The resected area was calculated as
πAB/4. The dissection speed was calculated by dividing the resected area by the duration
of the dissection. Perforation was confirmed endoscopically during ESD, and free air was
confirmed on abdominal computed tomography. Hemorrhage was defined as massive
intraoperative bleeding that required blood transfusion or as postoperative bleeding that
required hemostatic treatment such as endoscopic clipping or coagulation.

  
(A) (B) 

 
(C) (D) 

Figure 2. Cont.
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(E) (F) 

Figure 2. Method of S-O clip-assisted ESD. (A) An endoscopic examination with narrow-band
imaging and 0.4% indigo carmine is conducted before ESD; (B) A circumferential incision of the
mucosal layer is performed; (C,D) The S-O clip is attached to the proximal edge of the lesion, and
another clip is used to grasp the nylon loop and pull one in front to fix to the colon wall opposite
the lesion; (E) A counter-traction force allows good visualization of the submucosal cutting line;
(F) Resected specimen.

2.6. Statistical Analysis

The chi-squared test was used for comparisons between categorical data, whereas the
Mann–Whitney U test was used for comparing continuous data. A p-value of < 0.05 was
considered statistically significant. StatView 5.0 (Abacus Concepts Inc., Berkeley, CA, USA)
was used to perform all statistical analyses.

3. Results

From September 2015 to January 2020, 185 colorectal tumors underwent ESD at
our hospital. We divided the patients into two groups according to the timing of ESD;
Conventional ESD group (CO group, n = 66) or S-O clip-assisted group (SO group, n = 119).
In CO group, 19 patients were excluded from enrollment because they had rectal lesion
(n = 15), non-lifting sign (n = 2), and a lesion measuring over 50 mm (n = 2). In SO group,
39 patients were excluded from enrollment. Finally, analysis was performed on 47 and
80 patients in the CO and SO groups, respectively (Figure 3).

Figure 3. Flow diagram of the study patients.

As shown in Table 1, the demographics and clinicopathologic features of the cases
did not differ between the two groups. The overall outcomes are shown in Table 2. Com-
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pared with the CO group, the SO group had a significantly shorter surgery duration
(73.9 ± 43.5 min vs. 52.3 ± 21.8 min; p = 0.0006), a significantly greater dissection speed
(14.8 ± 8.7 min vs. 24.4 ± 12.9 min; p = 0.0014), and a significantly higher en bloc resection
rate (80.9% vs. 98.8%; p ≤ 0.001). Overall, S-O clip-assisted ESD was able to reduce the
procedure time of conventional ESD. No statistical significance in either group experienced
massive hemorrhage or postoperative bleeding that required blood transfusion.

The results were analyzed separately for the right and left colon (Table 3). In the
right colon, both surgery duration was significantly shorter and the dissection speed was
significantly higher in the SO group than in the CO group; however, there was no significant
difference in the lesion area between the two groups. Furthermore, the en bloc resection
rate was significantly improved in the right colon. On the other hand, there was no such
trend in the left colon as in the right colon.

Table 1. Patient demographics and clinicopathologic features.

CO Group
(n = 47)

SO Group
(n = 80)

p-Value

Male/Female, n 32/15 47/33 0.345

Mean age (range), years 65.5 (38–80) 69.7 (39–89) 0.531

Lesion size, mean ± SD (range), mm 29.4 ± 9.1 (20–48) 30.6 ± 7.5 (20–50) 0.272

Lesion location 0.685
Right colon, n 35 56
Left colon, n 12 24

Table 2. Overall outcomes.

CO Group
(n = 47)

SO Group
(n = 80)

p-Value

Surgery duration, mean ± SD (range), min 73.9 ± 43.5 (31–226) 52.3 ± 21.8 (16–113) 0.0006 *

Lesion area, mean ± SD (range), mm2 616.8 ± 576.8 (235.6–1507.9) 660.6 ± 333.6 (259.2–1696.4) 0.227

Dissection time, mean ± SD (range), min 49.7 ± 37.1 (17–189) 31.9 ± 16.4 (7–82) <0.001 *

Dissection speed, mean ± SD (range), mm2/min 14.8 ± 8.7 (4.1–50.1) 24.4 ± 12.9 (5.5–70.6) 0.0014 *

En bloc resection rate, % (n) 80.9 (38/47) 98.8 (79/80) <0.001 *

Perforation rate, % (n) 4.3 (2/47) 1.3 (1/80) 0.554

Hemorrhage rate, % (n) 0 (0/47) 2.5 (2/80) 0.530

* A p value of < 0.05 was considered statistically significant.

Table 3. Separate analysis for the left colon and the right colon.

CO Group SO Group p-Value

Right colon, n 35 56
Surgery duration, mean ± SD (range), min 78.1 ± 48.0 (33–226) 52.2 ± 21.3 (16–113) 0.0054 *

Lesion area, mean ± SD (range), mm2 648.4 ± 660.4 (235.6–1507.9) 685.5 ± 324.3 (259.1–1445.1) 0.1220
Dissection time, mean ± SD (range), min 51.5 ± 40.9 (17–189) 30.7 ± 15.2 (7–64) 0.0019 *

Dissection speed, mean ± SD (range), mm2/min 14.9 ± 9.1 (4.0–50.1) 25.4 ± 11.7 (9.5–61.7) <0.001 *
En bloc resection rate, % (n) 77.1 (27/35) 98.2 (55/56) 0.0018 *

Left colon, n 12 24
Surgery duration, mean ± SD (range), min 61.5 ± 24.1 (31–121) 51.9± 18.2 (26–112) 0.3139

Lesion area, mean ± SD (range), mm2 524.6 ± 175.4 (314.1–824.6) 563.0 ± 291.4 (311.0–1696.4) 0.9464
Dissection time, mean ± SD (range), min 44.4 ± 23.4 (20–100) 33.3 ± 18.1 (14–82) 0.1488

Dissection speed, mean ± SD (range), mm2/min 14.0 ± 8.0 (5.7–32.1) 22.0 ± 15.5 (5.4–70.6) 0.1587
En bloc resection rate, % (n) 91.7 (11/12) 100 (24/24) 0.3333

* A p value of < 0.05 was considered statistically significant.
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4. Discussion

The maintenance of tension and good visibility of the submucosal layer is an important
prerequisite for a fast and safe submucosal dissection. In surgery, the assistant usually
maintains tension using a proper force to allow for easier tissue dissection. However,
during ESD, it is not easy to maintain good traction because the endoscope has only one
working channel for the electrical surgical knife. Therefore, a so-called “second hand” is
necessary during ESD.

To achieve traction force during ESD, several methods have been developed. A distal
hood with a transparent tip was the first device used to apply tension to the submucosal
layer to enable the endoscope to easily enter the submucosal layer and to stabilize the
electric knife during resection or dissection [14]. The use of a transparent hood with a
small-caliber tip was reported to provide a clear field during submucosal dissection and for
the control of bleeding [15]. A traction force can also be obtained simply by gravity without
needing to use additional devices. The direction of the traction force can be controlled by
changing the patient’s position [16]. However, when the flap is small at the first stage of
submucosal dissection, gravity does not work sufficiently, and dissection becomes difficult
for small lesions or those accompanied by fibrosis [17].

Several methods have been developed to generate a counter-traction to the lesion.
The efficacy of the external forceps method [18,19] was reported for gastric and rectal
ESD. In this method, traction is applied to the anal side using grasping vending forceps.
This way, dissecting the submucosal layer of the grasped side can push or pull the lesion
and make the submucosal layer more visible. However, it is difficult to send the forceps
deep into the colon. Therefore, this method is limited for rectal ESD. The use of clips to
achieve traction has been attempted by various methods. In the thread-and-clip method
(Figure 4A), the clip is attached to the flap of the proximal lesion and the end of the thread is
pulled to enable the lifting of the lesion during endoscope manipulation [20,21]. However,
this method requires withdrawal and re-insertion of the colonoscope before applying the
clip. In the clip-and-rubber-band method, a clip is used with a rubber band for continuous
traction between the proximal side of the lesion and the normal mucosa [22,23]. The clip-
and-ring-thread method (Figure 4B) can help pull the lesion to the intended direction to set
a moderate traction force; the advantage of this method over the thread-and-clip one is its
lower cost [24]. Since the thread itself has no contraction force, the traction force decreases
as the lesion is dissected. Therefore, it is necessary to add a clip repeatedly to maintain the
traction force.

 
(A) (B) 

Figure 4. Method of traction-assisted ESD. (A) The thread-and-clip method. The clip is attached to
the proximal lesion and the end of the thread is pulled to enable the lifting of the lesion; (B) The
clip-and-ring-thread method. It can help pull the lesion to the intended direction to set a traction force.
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The use of the S-O clip can allow for the pulling of the submucosal layer using the
spring and can assist in the first phase of dissection during colorectal ESD. Unlike other
traction methods, the S-O clip does not require extensive equipment or lengthy preparation
and can be used anywhere, regardless of the location of the lesion, including the deep colon.
It can be applied through the forceps opening without removing the endoscope, just like
a normal clip. Moreover, traction can be applied continuously in the desired direction.
The spring of the device has good and constant strength in both extension or contraction
and does not cause excessive tension of the muscle layer and is not affected by peristalsis.
Stable traction is applied throughout the procedure, and the lesion is automatically pulled.
After resection, the lesion is clipped to the intestinal mucosa through a nylon (or silicon)
loop, which prevents it from moving to other sites due to peristalsis. Therefore, after ESD,
the lesion can be slowly retrieved after hemostasis of the blood vessels of the resected
ulcer. In a prospective study, Ritsuno et al. reported that ESD using S-O clip was safe
and rapid for en bloc resection of large superficial colorectal tumors [25]. Furthermore,
the S-O clip was approved by the pharmaceutical affairs bureau as a medical device for
ESD of all gastrointestinal tracts. The efficacy of the S-O clip in gastric ESD has also been
reported [26].

Although previous studies on traction methods showed shorter duration of procedure
and lower rate of complications, it is unknown which lesions are ideal for this method. Our
study is the first to report that lesions located in the right-side colon are strongly associated
with shorter treatment time. In general, it has been reported that colorectal ESD is more
difficult in the right colon than in the left colon [27]. The reasons are: (1) the longer insertion
length of the endoscope and poor operability, (2) the influence of respiratory fluctuation,
and (3) the presence of flexure. In the conventional traction method, the traction force
decreases as the dissection progresses. However, the major advantage of the S-O clip is that
a constant traction force can be maintained throughout procedure, and it can be towed in
the intended direction, which provides a stable visual field even in the right colon. In this
study, CO group had a longer surgery duration in the right side than in the left side mainly
due to difficulty in maintaining visual field and poor maneuverability (Table 3). However,
SO group had a significantly faster dissection speed in the right-side colon, which was
not observed in the left side colon. Based on these findings, S-O clip is more favorable for
right-sided lesions, and application of this method for simple lesions in the left side colon
may not be beneficial. Furthermore, we believe that this method can potentially shorten the
procedure time and reduce the complication rate effectively when it is performed by less
experienced endoscopists, but it may not be necessary for experts to routinely use the S-O
clip in all cases. Given that there are cases in which S-O clip-assisted ESD is inapplicable
or ineffective, endoscopists should develop their skills based on the conventional method,
even in the presence of new technique.

There were several limitations to this study. First, it was a retrospective analysis carried
out in a single-center setting, and the experience of the endoscopist and the difficulty of the
cases were not uniform. Because it is a regional central hospital, most cases were difficult
to treat; therefore, many large lesions of the right colon were treated. However, ESD using
S-O clip showed a certain treatment effect to some extent, independent of the surgeon’s
experience. Secondly, rectal lesions were excluded from this study. The reason for excluding
rectal lesions was that the spring part of the S-O clip needed to be pulled to the anal side of
the lesion, and the other side of the S-O clip may or may not be able to be fixed to the rectal
wall. In general, rectal lesions have relatively large lesion sizes, long ESD procedure times,
low perforation rates, and high bleeding rates. Therefore, the exclusion of rectal lesions
may have affected the surgery duration and complication rate. Finally, the influence of the
learning curve is discussed. Although we compared the learning curves for the entire study,
we did not analyze the learning curves separately for experienced and less-experienced
endoscopists because the number of cases for less-experienced endoscopists was small. In
the future, we will carry out more studies with bigger samples to examine the usefulness of
the less experienced and to develop a system for ESD training.
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5. Conclusions

The S-O clip-assisted method for ESD shortened the surgery duration and increased the
en bloc resection rate and dissection speed, especially in the right colon. Even endoscopists
who had less experience in colorectal ESD were able to perform this procedure safely and
rapidly. Therefore, S-O clip-assisted ESD can be the most suitable method for introducing
colorectal ESD.
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Abstract: CO2 insufflation has proven effective in reducing patients’ pain after colonoscopies but
has not been examined in esophagogastroduodenoscopies. Therefore, we examined the effect of
CO2 insufflation in examinees who underwent transnasal endoscopies without sedation. This
study is a single-center, prospective, double-blind, case-control trial conducted between March
2017 and August 2018. Subjects were assigned weekly to receive insufflation with either CO2 or
air. The primary outcome was improvement of abdominal pain and distension at 2 h and 1-day
postprocedure. In total, 336 and 338 examinees were assigned to the CO2 and air groups, respectively.
Visual analog scale (VAS) scores for abdominal distension (15.4 vs. 25.5; p < 0.001) and distress from
flatus (16.0 vs. 28.8; p < 0.001) at 2 h postprocedure were significantly reduced in the CO2 group.
VAS scores for pain during the procedure (33.5 vs. 37.1; p = 0.059) and abdominal pain after the
procedure (3.9 vs. 5.7; p = 0.052) also tended to be lower at 2 h postprocedure, but all parameters
showed no significant difference at 1-day postprocedure. All procedures were safely completed
through the planned program, and no apparent adverse events requiring treatment or follow-up
occurred. In conclusion, CO2 insufflation may reduce postprocedural abdominal discomfort from
transnasal esophagogastroduodenoscopies. (UMIN000028543).

Keywords: carbon dioxide; CO2 insufflation; abdominal pain; abdominal distention; transnasal
endoscopy; health check

1. Introduction

Carbon dioxide (CO2) is rapidly absorbed from the gastrointestinal tract and easily
eliminated by respiration. It is absorbed approximately 160 times faster than nitrogen,
which is the major gaseous ingredient of air [1]. CO2 insufflation has proven effective in
reducing patients’ pain after endoscopic procedures. Its effect has been examined mainly
in colonoscopies [2–4] and in small numbers, in balloon-assisted endoscopies [5] and endo-
scopic retrograde cholangiopancreatographies [6–8]. Regarding the upper gastrointestinal
tract, the usefulness of CO2 in therapeutic endoscopies, such as endoscopic submucosal
dissections (ESDs) [9,10], has been examined, but it has not been examined in diagnostic
endoscopies. The principal source of pain from a colonoscopy is intestinal hyperextension
by air insufflation, whereas in an esophagogastroduodenoscopy, pain is largely due to
the vomiting reflex. Because the main causes of pain are different, it is difficult for the
endoscopist to identify the pain relief effect of CO2 insufflation. This may be one reason
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that the effect of CO2 insufflation has not been studied in esophagogastroduodenoscopies.
However, esophagogastroduodenoscopies also require considerable insufflation, similar to
colonoscopies, so abdominal pain and distension may occur during and after the procedures
in the same way.

Because screening esophagogastroduodenoscopies are performed on healthy exami-
nees during health checks, it should be as painless as possible. Esophagogastroduodeno-
scopies during health checks are often performed by transnasal endoscopies to reduce
patients’ discomfort [11], but few institutions perform endoscopies under sedation due
to labor shortages and high costs [12]. In addition, patients who receive health check
endoscopic examinations have no symptoms, so bias from previous symptoms is low.

Therefore, we examined the effect of CO2 insufflation on pain relief in examinees who
underwent transnasal endoscopies without sedation.

2. Materials and Methods

This study is a prospective, case-control, double-blind trial; its protocol was approved
by the institutional review board and the database is open to the public (UMIN000028543).

2.1. Inclusion and Exclusion Criteria

The inclusion criteria consist of subjects who were examinees who underwent esopha-
gogastroduodenoscopies as part of health checks at our hospital from March 2017 to August
2018 and agreed to participate in the present study.

The exclusion criteria consist of the following: 1. examinees under 20 years of age
and those unable to understand information about the purpose of the study; 2. examinees
with severe chronic obstructive pulmonary disease (COPD) and known CO2 retention;
3. examinees who were unable to complete questionnaires at 2 h and 1 day after the
procedure. If either questionnaire could not be collected, the subject was removed from the
analysis.

2.2. Allocation and Blinding

After written agreement to the study procedures was obtained, the subjects were
automatically assigned to receive insufflation with either CO2 (CO2 group) or air (air
group). The selection of CO2 or air insufflation changed weekly. This method was chosen to
eliminate any bias between the groups attributable to the endoscopist because the attending
endoscopist was determined by the day of the week. The schedule was established before
the study began and was not changed during the study. A weekly gas exchange was chosen
to avoid bias from the endoscopist among groups and to avoid unblinding by changing the
gas between procedures. All persons directly involved in the endoscopies, including the
examinees, the endoscopists, and the nurses, were blinded with a blindfold on the inflation
machine regarding which gas was used.

2.3. Endoscopic Procedure

The transnasal endoscopies were performed with video scopes (EG-L580NW; Fujifilm
corporation, Tokyo, Japan) with only local anesthetics to the nostrils. Nostril patency was
tested using a pretreatment transnasal catheter of comparable scope diameter (N10/18F-W
6.0 mm-6 cm; TOP Corporation, Tokyo, Japan) lubricated with 2% lidocaine gel. If the
nostrils were narrow and the endoscope could not be inserted, a nasal endoscope was
inserted orally after 50–100 mg of Xylocaine spray (2%) was added to the oral cavity as a
local anesthetic. All procedures were performed without any sedative agents because the
endoscopy facility did not use sedatives in transnasal endoscopies for health checks. In the
endoscopic examination, the pharynx, esophagus, stomach, duodenal bulb, and second
portion were observed, and a biopsy was performed when histopathological examination
was necessary. Even if a lesion requiring treatment was found, therapeutic endoscopies
were performed on another day. In total, 26 endoscopists and 19 nurses oversaw the
endoscopic examinations.
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2.4. Gas Delivery

CO2 was delivered using a CO2 regulator (GW-1; Fujifilm). The gas flow rate was set
at 1.8 L/min for both CO2 and air insufflation. To prevent unblinding, the regulator was
placed behind the endoscopy rack and hidden from the endoscopist’s view. The gas to be
delivered was set by the coordinator before all procedures of the day began.

2.5. Patient Questionnaire

Examinees completed questionnaires at 2 h and at 1-day post-procedure. The 2 h
questionnaire was completed at the hospital before leaving for home, and the 1-day ques-
tionnaire was filled out at home and returned by mail. Cases in which either questionnaire
could not be retrieved were excluded from the analysis. A visual analogue scale (VAS)
was used to rate aspects of the procedure from 0 to 100, with 0 being the lowest and 100
being the highest rating for each factor. Patients rated four factors of their procedural
experiences on each questionnaire. The questionnaire at 2 h post-procedure asked about
pain during the endoscopy, abdominal distension, abdominal pain, and distress from flatus.
The questionnaire at 1-day post-procedure asked about the patient’s preferences during a
future endoscopy instead of pain during this endoscopy. Both questionnaires had space for
free-form comments about other discomfort.

2.6. Endoscopist/Nurse Questionnaire

The endoscopists and the attending nurses independently completed questionnaires
to objectively assess patient discomfort using a score from 0 to 10, with 0 indicating no
discomfort and 10 indicating maximum discomfort. The endoscopist also evaluated the
overall procedural aspects of scope handling on a scale from 0 to 10, with 0 indicating the
easiest and 10 the most difficult possible procedure. This evaluation was performed imme-
diately after the procedure. In addition to the information provided in the questionnaires,
participants’ age, sex, length of examination, history of endoscopies, presence of biopsy,
and rate of change from a nasal to an oral route were also included in the study.

2.7. Outcomes and Statistical Analysis

The primary outcome was set as improvement of abdominal pain and distension at
2 h and 1-day post-procedure. These data were collected by questionnaire from the patients
after the procedure. The secondary outcomes were set as painfulness of endoscopies,
procedure times, and rate of adverse events. The results of the questionnaires from the
endoscopists and nurses were also analyzed.

We were planning a study of a continuous response variable in control and experimen-
tal subjects with one control for each experimental subject. In a previous study [9,10], the
responses within each subject group were normally distributed with a standard deviation
of 40. If the true difference between the experimental and control means were 10, we would
need to study 337 experimental subjects and 337 control subjects to be able to reject the null
hypothesis that the population means of the experimental and control groups are equal
with a probability (power) of 0.9. The type I error probability associated with this test of the
null hypothesis is 0.05. Analyses were performed on a per-protocol basis for patients who
underwent the procedure. Characteristics of the study groups were compared with a t-test
or Mann–Whitney U test for continuous variables and a chi-squared test (or Fisher’s exact
test, as appropriate) for categorical variables. A two-sided p-value < 0.05 was considered
statistically significant for all tests.

3. Results

3.1. Subject Allocation

From March 2017 to August 2018, 1794 examinees underwent transnasal endoscopies
during health checks at our hospital. Twenty-two examinees were excluded from the study
due to a history of COPD. The study period was 72 weeks, with 36 weeks each allocated
to the CO2 and air groups. The average number of participants per week was 9.3. Finally,
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674 examinees agreed to participate in the present study; 336 and 338 were allocated to the
CO2 group and air group, respectively. The flow chart of subject allocation is shown in
Figure 1.

Figure 1. Flow chart of examinee allocation. Of the total 1794 examinees, 674 were finally included in
the analysis.

3.2. Participant Characteristics

Participant characteristics and features of endoscopic procedures in the groups receiv-
ing CO2 and air insufflation are shown in Table 1. There were no significant differences
between the groups in any parameters, including sex, age, experience of transnasal en-
doscopy, length of procedure, rate of biopsy, and rate of change to oral endoscopy.

Table 1. Patient characteristics and features of the endoscopic procedures in the groups receiving
carbon dioxide (CO2) and air insufflation.

CO2 Group (n = 336) Air Group (n = 338) p Value

Sex, M/F 212/124 205/133 0.526
Age (year) * 61.2 ± 11.5 60.1 ± 11.8 0.206

Transnasal endoscopy experienced 167 (49.7%) 178 (52.6%) 0.488
Procedure time (min) * 8.98 ± 2.87 8.95 ± 2.93 0.895

Biopsy performed 33 (9.8%) 43 (12.7%) 0.273
Change to oral 21 (6.2%) 23 (6.8%) 0.876

* expressed as mean ± standard deviation.

3.3. Results of Examinee Questionnaires

The results of examinee questionnaires are summarized in Table 2 and Figure 2A–C.
The VAS scores for abdominal distension (15.4 vs. 25.5; p < 0.001) and distress from flatus
(16.0 vs. 28.8; p < 0.001) at 2 h post-procedure were significantly reduced in the CO2 group
compared to the air group, respectively. With regard to pain during the procedure and
abdominal pain afterward, the VAS scores of the CO2 group tended to be lower than those
of the air group at 2 h post-procedure, but the difference was not significant (33.5 vs. 37.1,
respectively; p = 0.059 for pain during the procedure; 3.9 vs. 5.7, respectively; p = 0.052
for postprocedure abdominal pain). At 1-day post-procedure, there were no differences
between the CO2 and air groups, respectively, in any parameter including abdominal
distension (8.1 vs. 7.0; p = 0.383), distress from flatus (11.4 vs. 12.5; p = 0.490), abdominal
pain (4.1 vs. 3.0; p = 0.166), and preference in a future endoscopy (19.1 vs. 18.8; p = 0.844).
For abdominal distension, distress from flatus, and abdominal pain, the change in VAS
score over time from 2 h to the next day is shown in Figure 2A–C.
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Table 2. Results of examinees’ questionnaires.

Timing
Abdominal Distention Distress by Flatus Abdominal Pain

CO2 Air p Value CO2 Air p Value CO2 Air p Value

2 h 15.4 ± 1.1 25.5 ± 1.4 <0.001 * 16.0 ± 1.3 28.8 ± 1.6 <0.001 * 3.9 ± 0.6 5.7 ± 0.7 0.052
1 day 8.1 ± 1.0 7.0 ± 0.8 0.383 11.4 ± 1.1 12.5 ± 1.1 0.490 4.1 ± 0.6 3.0 ± 0.5 0.166

Timing
Painfulness during Procedure Preference in a Future Endoscopy

CO2 Air p Value CO2 Air p Value

2 h 33.5 ± 1.4 37.1 ± 1.3 0.059 - - -
1 day - - - 19.1 ± 1.4 18.8 ± 1.3 0.844

Data was expressed as mean ± standard error. * shows significant difference between CO2 and air insufflation at
same timing.

Figure 2. The change over time in the visual analog scale (VAS) score from 2 h to 1 day after the
procedure. (A) VAS scores for abdominal distension. The VAS score for CO2 insufflation was
significantly lower than that for air insufflation (15.4 vs. 25.5; p < 0.001) at 2 h, but not at 1 day after
the procedure. (B) VAS scores for distress due to flatus. The VAS score for CO2 insufflation was
significantly lower than that for air insufflation at 2 h after the procedure (16.0 vs. 28.8; p < 0.001).
(C) VAS scores for abdominal pain. There was no significant difference in abdominal pain between
the two groups.

Some examinees complained of nasal symptoms such as nasal pain and rhinorrhea
in the free comments at both 2 h and 1-day post-procedure. The rate of nasal symptoms
was compared between the groups (no data shown). However, there was no significant
difference between CO2 and air insufflation at both time points (9.4% vs. 9.8%; p = 0.869 at
2 h post-procedure and 4.9% vs. 3.5%; p = 0.355 at 1-day postprocedure, respectively).

3.4. Results of Endoscopist and Nurse Questionnaires

The results of the endoscopist and nurse questionnaires are summarized in Table 3.
Ratings of overall scope handling by the endoscopist showed no significant difference between
the CO2 group and the air group (1.75 vs. 1.79; p = 0.709). The endoscopist and attending
nurse evaluations of patient discomfort also showed no significant difference between the
two groups (1.93 vs. 2.00; p = 0.471 by endoscopist, 1.29 vs. 1.32; p = 0.794 by nurse).

Table 3. Results of endoscopist and nurse questionnaires.

Evaluator Parameter CO2 (n = 336) Air (n = 338) p Value

Endoscopist
Overall scope handling 1.75 ± 0.08 1.79 ± 0.08 0.709

Examinee’s discomfort 1.93 ± 0.08 2.00 ± 0.08 0.471

Nurse Examinee’s discomfort 1.29 ± 0.06 1.32 ± 0.06 0.794
Data was expressed as mean ± standard error. Each parameter was evaluated on a scale of 10.
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3.5. Adverse Events

All procedures were safely completed according to the planned program, and there
were no apparent adverse events requiring treatment or follow-up.

4. Discussion

4.1. Evaluation of the CO2 Effect on Reducing Abdominal Discomfort

This prospective, double-blind, case-controlled study revealed that CO2 insufflation
during transnasal esophagogastroduodenoscopies reduced postprocedural abdominal
discomfort, including abdominal distension and distress from flatus, compared to air insuf-
flation. Initially, a randomized-control trial was planned, but the present study involved
healthy people undergoing health checks, and a large number of examinees received en-
doscopies on the same day. Therefore, we were unable to take the time to randomize the
subjects and double-blind them, and finally abandoned randomization. The VAS scores
at 2 h post-procedure decreased by about 50 to 60% in the CO2 insufflation group, al-
though VAS scores at 1-day post-procedure were not significantly different. Many previous
studies and meta-analyses have also reported that CO2 insufflation reduces postproce-
dural abdominal pain compared to air insufflation. However, the targeted procedures
were limited to colonoscopies and therapeutic endoscopies, such as double-balloon en-
doscopies, endoscopic retrograde cholangiopancreatoscopies, and ESDs. This is the first
study to demonstrate the usefulness of CO2 insufflation in a brief diagnostic endoscopy, the
transnasal esophagogastroduodenoscopy. In the present study, pain during the procedure,
abdominal distension, distress from flatus, and abdominal pain were used as indices to
evaluate abdominal discomfort, almost the same as the parameters used in previous studies.
Pain during the procedure tended to be lower with CO2 insufflation, but the difference
was not statistically significant. The difference between CO2 and air seemed to be small
because nasal pain and the vomiting reflex had greater effects than gas insufflation on
patient discomfort from transnasal esophagogastroduodenoscopies. The examinees’ dis-
comfort was significantly different between the CO2 and air groups as assessed by the
subjects themselves using the VAS scores but not by the nurses. These results indicate
that the subjective evaluation of the examinees their selves is important for the discomfort
from endoscopies because the objective evaluation by the surrounding medical personnel
is not accurate.

4.2. Duration of the CO2 Effect on Reducing Abdominal Discomfort

In the present study, CO2 was observed to reduce abdominal discomfort at 2 h after
the procedure but not on the next day. Rogers et al. analyzed the duration of the CO2 effect
on postprocedural pain in their meta-analysis [13]. This meta-analysis, which included
23 studies, revealed that patients receiving CO2 insufflation consistently had less pain at
2 h postprocedure, and this effect persisted at 6 h postprocedure. However, there was
no difference in abdominal pain between the CO2 and air groups at 24 h postprocedure.
Dollen et al. also reported that the CO2 effect persisted to 6 h after the procedure in their
meta-analysis [14]. The results of these meta-analyses match those of the present study.
Therefore, the advantage of CO2 insufflation in esophagogastroduodenoscopies can be
expected to last for about 6 h after the procedure. The COVID-19 pandemic has become a
worldwide concern in recent years, as has endoscopy-related transmission. CO2 insufflation
may reduce the length of the patient’s hospital stay by reducing abdominal discomfort on
the day of the test, and the reduced length of stay might help limit COVID-19 transmission.

4.3. CO2 Effect on Procedure Time

Because the absorption of CO2 from the gastrointestinal tract is much faster than that
of air, there was concern that the amount and frequency of CO2 insufflation required for the
procedure would be greater, resulting in a longer procedure time. However, the procedure
time did not differ between CO2 insufflation and air insufflation (8.98 min. vs. 8.95 min,
respectively; p = 0.893). Previous randomized controlled trials (RCTs) [15–17] and meta-
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analyses [13] showed similar results in colonoscopies. Therefore, CO2 insufflation seems to
have little effect on the procedure time of transnasal esophagogastroduodenoscopies.

4.4. Safety of CO2 Insufflation during Transnasal Esophagogastroduodenoscopies

Carbon dioxide is easily eliminated by respiration after absorption from the gas-
trointestinal tract. Since the respiratory system is the main route of CO2 excretion, most
prospective studies, including the present study, excluded examinees with severe respi-
ratory compromise or COPD with known CO2 retention. Although severe respiratory
compromise has been excluded, there have been no reports of adverse events with CO2
insufflation in previous prospective studies. In the present study of 674 participants, no
apparent adverse events were observed except for nasal hemorrhage that did not require
treatment. Rogers et al. examined CO2 concentration in the arterial blood before and
after colonoscopic polypectomy with CO2 insufflation and found that the increase in CO2
partial pressure was limited (37.3–40.6 mmHg), and the pH value did not change (from
7.46 to 7.45) [18]. Bretthauer et al. evaluated end-tidal CO2 under CO2 insufflation in
colonoscopies and revealed that end-tidal CO2 decreased after the procedure with both
CO2 insufflation and air insufflation [19]. The results of these studies suggest that CO2
insufflation during health check esophagogastroduodenoscopies is sufficiently safe.

4.5. Cost of CO2 Insufflation for Esophagogastroduodenoscopies during Health Checks

Many RCTs and meta-analyses have examined the utility of CO2 insufflation in di-
agnostic and therapeutic endoscopies, and its efficacy is now well established. However,
in a 2009 survey of 580 European endoscopists, only 47% had heard of CO2 insufflation.
Moreover, among them, 87% were aware of the convincing evidence showing that CO2
was superior to air, but only 4% were using CO2 insufflation [20]. Cost is one of the reasons
that CO2 insufflation is not widely used [21]. Air insufflation does not cost money, but CO2
insufflation does. No study addressed the additional cost of CO2 use for endoscopic insuf-
flation, and to date, no cost-effectiveness study has been performed. In practice, the cost of
installing a CO2 insufflator is about $4000 to $8000, but once it is installed, the running cost
is negligible [22]. In this study, procedure time was about 9 min in the CO2 group, and the
amount of CO2 used in one procedure was 16.2 L, even if CO2 was delivered throughout
the procedure. Given that liquid CO2 can be purchased for about $2 per kilogram, the cost
of CO2 per procedure can be calculated as about $0.06. There was no significant difference
in preference in a future endoscopy between CO2 and air insufflation, so the likely impact
of increasing the use of CO2 seems to be minimal. In addition, in areas where medical
resources are limited, the installation of CO2 regulators and the stable supply of CO2 could
be difficult at present, and therefore, the use of CO2 in routine clinical practice is limited
in those areas. However, there is no reason to be reluctant to use CO2, especially during
health checks, because it can reduce abdominal discomfort on the day of the endoscopy at
a low cost.

4.6. Limitations

First, it was conducted at a single center. Second, the subjects were not assigned
randomly. The selection between CO2 and air insufflation was changed weekly, and the
schedule was already established before the study began. Although this technique is not
randomization, bias is considered to be low. Third, the rate of obtaining consent was low,
38%, because the study was conducted with examinees having regular health checks.

While recognizing these limitations, we recommend CO2 insufflation during transnasal
esophagogastroduodenoscopies to reduce abdominal discomfort after the procedures.

5. Conclusions

CO2 insufflation may reduce postprocedural abdominal discomfort in transnasal
esophagogastroduodenoscopy.
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Abstract: Tranexamic acid (TXA) is an antifibrinolytic pharmacological agent, but its use in gastroin-
testinal bleeding remains contentious. Moreover, studies on the timing of TXA administration are
limited. We examined whether early TXA administration reduced the risk of mortality in patients
with gastrointestinal bleeding in a Taiwanese population. We used the National Health Insurance
Research Database to identify patients diagnosed with gastrointestinal bleeding with early and late
TXA treatment. We defined early treatment as initial TXA treatment in an emergency department
and late treatment as initial TXA treatment after hospitalization. Mortality within 52 weeks was
the primary outcome. A multivariable analysis using a multiple Cox regression model was applied
for data analysis. Propensity score matching (PSM) was performed to reduce the potential for bias
caused by measured confounding variables. Of the 52,949 selected patients with gastrointestinal
bleeding, 5127 were assigned to either an early or late TXA treatment group after PSM. The incidence
of mortality was significantly decreased during the first and fourth weeks (adjusted HR (aHR): 0.65,
95% CI: 0.56–0.75). A Kaplan–Meier curve revealed a significant decrease in cumulative incidence
of mortality in the early TXA treatment group (log-rank test: p < 0.0001). Multiple Cox regression
analysis revealed significantly lower mortality in the early TXA treatment group compared with the
late treatment group (aHR: 0.64, 95% CI: 0.57–0.73). Thromboembolic events were not significantly
associated with early or late TXA treatment (aHR: 1.03, 95% CI: 0.94–1.12). A Kaplan–Meier curve
also revealed no significant difference in either venous or arterial events (log-rank test: p = 0.3654 and
0.0975, respectively). In conclusion, early TXA treatment was associated with a reduced risk of
mortality in patients with gastrointestinal bleeding compared with late treatment, without an increase
in thromboembolic events. The risk of rebleeding and need for urgent endoscopic intervention require
further randomized clinical trials.

Keywords: tranexamic acid; gastrointestinal bleeding; mortality; thromboembolic events

1. Introduction

Acute gastrointestinal bleeding is a common cause of morbidity and mortality world-
wide [1] with a reported mortality rate of 2–10% [2,3]. The bleeding can arise from both the
upper and lower gastrointestinal tracts, including from peptic ulcers, esophageal or gastric
varices, diverticulitis, colitis, or malignancy in the gastrointestinal tract. Clinical symptoms
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of acute gastrointestinal bleeding typically include hematemesis, melaena, or hematochezia.
The initial management of gastrointestinal bleeding in emergency departments includes
triage, supportive management, blood transfusion, fluid resuscitation, and endoscopic
therapy, depending on the severity and hemodynamic status of patients.

Tranexamic acid (TXA) is an antifibrinolytic agent that reversibly inhibits the conver-
sion of plasminogen to plasmin, resulting in a reduction in fibrinolysis. First introduced
for menorrhagia in 1968 [4], TXA has the ability to reduce postoperative hemorrhage [5,6],
postpartum hemorrhage [7], and mortality in patients with traumatic hemorrhage [8].
The role of TXA in acute gastrointestinal bleeding remains under debate, without clear
recommendations for its clinical use.

However, studies have demonstrated its efficacy in reducing the mortality rate of
patients with acute gastrointestinal bleeding [9,10]. A recent systemic review and meta-
analysis including 13 randomized trials with a total of 2271 patients with acute gas-
trointestinal bleeding revealed that TXA significantly reduced the mortality rate (relative
risk (RR) = 0.60; 95% CI, 0.45–0.80) and rates of continued bleeding (RR = 0.60; 95% CI,
0.43–0.84) [11]. In contrast, another randomized controlled trial (HALT-IT trial) revealed
that TXA did not significantly reduce mortality in patients with gastrointestinal bleeding
(RR = 0.99, 95% CI, 0.82–1.18) [12]. However, adverse venous thromboembolic events were
higher in patients using TXA than in those not using it.

A possible confounding factor is the timing of TXA administration, which has rarely
been considered in studies and could affect study outcomes. Hence, this nationwide
cohort study aimed to identify whether early or late use of TXA reduced the mortality
of patients with gastrointestinal bleeding in Taiwan. We hypothesized that patients with
gastrointestinal bleeding receiving TXA early would have lower risk of mortality.

2. Materials and Methods

2.1. Study Design and Population

In this retrospective cohort study, we analyzed the administration of TXA for gastroin-
testinal bleeding and the risk of all-cause mortality. Taiwan adopted a National Health
Insurance system in 1995, this system claims data as the National Health Insurance Re-
search Database (NHIRD). The NHIRD provides real-world evidence for exploring the
risk factors or effects of an intervention for specific diseases, and contains the insurance
claims data of more than 99% of Taiwan’s population. We used NHIRD data from between
January 2000 and December 2017 to evaluate the risk of all-cause mortality among patients
with gastrointestinal bleeding who received early or late TXA treatment. This study was
approved by the Institutional Review Board of the Chung Shan Medical University Hospital
(approval number CS2-20036).

2.2. Study Population

We initially included 52,949 hospitalized patients who went to an emergency depart-
ment for gastrointestinal bleeding, as defined by the following International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes: 530.1, 530.2, 530.7,
531.0, 531.4, 531.9, 532.0, 532.4, 532.9, and 578. In addition, the following ICD-10-CM
codes were applied: K20.0, K20.8, K20.9, K21.0, K22.10, K22.11, K22.6, K25.0, K25.4, K25.9,
K26.0, K26.4, K26.9, K92.0, K92.1, and K92.2 (Supplementary Table S1). All the selected
patients had a subsequent hospitalization record within 1 day of emergency care. The
exclusion criteria were as follows: (1) an index date before 2000 or after 2016 (n = 6670);
(2) lack of TXA treatment (ATC code: B02AA02) during emergency treatment or admission
(n = 27,436); (3) cancer diagnosis before the index date (n = 4151); and (4) death before the
index date (n = 6). This study included 14,686 patients with gastrointestinal bleeding who
had received TXA treatment; among these patients, 9513 received early treatment, defined
as initial TXA treatment in an emergency department, and 5173 received late treatment,
defined as initial TXA treatment after hospitalization.
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2.3. Characteristics, Comorbidities, and Study Outcomes

We identified the baseline (within 180 days of the index date) demographic charac-
teristics, such as age and sex, and the comorbidities and medication of each participant
to evaluate their health status. Comorbidities included hypertension, diabetes mellitus,
hyperlipidemia, kidney disease, chronic pulmonary diseases, liver disease, ischemic heart
diseases, ischemic stroke, hemorrhagic stroke, atrial fibrillation, congestive heart failure,
dementia, and peripheral vascular disease. Medications included proton-pump inhibitors,
hemostatic agents, drugs for constipation, furosemide, metoclopramide, silicon, magne-
sium oxide, aspirin, clopidogrel or ticagrelor, and nonsteroidal anti-inflammatory drugs.

The study’s primary outcome was all-cause mortality within 52 weeks of the index date.
The secondary outcomes were thromboembolic events (deep-vein thrombosis, pulmonary
embolism, acute myocardial infarction, hemorrhagic stroke, and ischemic stroke). All the
patients in the study were followed up from the index date until their withdrawal from the
National Health Insurance program, the occurrence of a study event, or 52 weeks after the
index date.

2.4. Statistical Analysis

Statistical analysis was performed using SAS software version 9.4 (SAS Institute,
Cary, NC, USA), and a p value of < 0.05 was considered significant. The propensity score
was the odds of gastrointestinal bleeding according to demographic data, including birth
year, sex, age (±1 year) on the index date, index year, comorbidities, and medication.
To reduce potential confounding bias caused by measured factors, 1:1 propensity score
matching (PSM) was performed using greedy nearest neighbor non-replacement matching
with a caliper width of 0.1. The difference in covariates between the 2 study groups was
evaluated using the absolute standardized difference (ASD), as an absolute ASD value of
ASD < 0.1 indicated that the groups were balanced with their matched control.

Categorical data are presented as numbers and percentages, and the differences in
categorical variables were compared using a chi-square test. The incidence rate with the
corresponding CIs and crude hazard ratios (HRs) were calculated using Poisson regression.
After the proportional hazards assumption was tested, a Cox proportional hazards model
analysis was performed to estimate the HRs for mortality and 95% CIs. The cumulative
probabilities of mortality were assessed using a Kaplan–Meier analysis, with statistical
significance being determined using the results of a log-rank test.

3. Results

3.1. Characteristics of the Participants

The study flowchart is presented in Figure 1. Of the patients with gastrointestinal
bleeding administered TXA, 9513 received early treatment and 5173 received late treatment.
In total, 67% of the patients were male and 32% were female, and more than 40% were
aged ≥ 71 years. Before PSM, the statistically significant differences between the two
groups were index year and medication (including hemostatic agents, drugs for constipa-
tion, furosemide, metoclopramide, and silicon). After PSM, the two groups were balanced,
as indicated by the ASD of the covariates (Table 1).

Table 1. Baseline characteristics among study groups.

Before PSM After PSM

Early Treatment Late Treatment ASD Early Treatment Late Treatment ASD

N 9513 5173 5127 5127

Index year 0.2488 0.0239
2000–2005 2064 (21.70%) 1596 (30.85%) 1516 (29.57%) 1551 (30.25%)
2006–2010 2996 (31.49%) 1692 (32.71%) 1747 (34.07%) 1691 (32.98%)
2011–2015 4453 (46.81%) 1885 (36.44%) 1864 (36.36%) 1885 (36.77%)

Sex 0.0025 0.0042
Female 3060 (32.17%) 1658 (32.05%) 1633 (31.85%) 1643 (32.05%)
Male 6453 (67.83%) 3515 (67.95%) 3494 (68.15%) 3484 (67.95%)
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Table 1. Cont.

Before PSM After PSM

Early Treatment Late Treatment ASD Early Treatment Late Treatment ASD

Age 0.0405 0.0000
≤50 2443 (25.68%) 1277 (24.69%) 1289 (25.14%) 1268 (24.73%)

51–70 3060 (32.17%) 1591 (30.76%) 1570 (30.62%) 1583 (30.88%)
≥71 4010 (42.15%) 2305 (44.56%) 2268 (44.24%) 2276 (44.39%)

CCI score 0.0885 0.0263
0 2225 (23.39%) 1009 (19.51%) 1043 (20.34%) 1006 (19.62%)
1 2564 (26.95%) 1340 (25.90%) 1265 (24.67%) 1332 (25.98%)
2 1848 (19.43%) 1101 (21.28%) 1056 (20.6%) 1088 (21.22%)
≥3 2876 (30.23%) 1723 (33.31%) 1763 (34.39%) 1701 (33.18%)

Co-morbidity
Hypertension 4608 (48.44%) 2518 (48.68%) 0.0047 2494 (48.64%) 2495 (48.66%) 0.0004

Diabetes mellitus 2862 (30.09%) 1577 (30.49%) 0.0087 1565 (30.52%) 1564 (30.51%) 0.0004
Hyperlipidemia 1373 (14.43%) 652 (12.60%) 0.0535 637 (12.42%) 650 (12.68%) 0.0077
Kidney disease 1441 (15.15%) 965 (18.65%) 0.0937 940 (18.33%) 946 (18.45%) 0.0030

Chronic pulmonary diseases 1715 (18.03%) 1086 (20.99%) 0.0749 1023 (19.95%) 1065 (20.77%) 0.0203
Liver disease 3233 (33.99%) 1858 (35.92%) 0.0405 1880 (36.67%) 1840 (35.89%) 0.0162

Ischemic heart diseases 1598 (16.80%) 839 (16.22%) 0.0156 810 (15.80%) 834 (16.27%) 0.0128
Ischemic stroke 1045 (10.98%) 615 (11.89%) 0.0284 634 (12.37%) 606 (11.82%) 0.0167

Hemorrhage stroke 239 (2.51%) 170 (3.29%) 0.0461 161 (3.14%) 166 (3.24%) 0.0055
Atrial fibrillation 487 (5.12%) 258 (4.99%) 0.0060 252 (4.92%) 257 (5.01%) 0.0045

Congestive heart failure 1103 (11.59%) 667 (12.89%) 0.0396 647 (12.62%) 656 (12.80%) 0.0053
Dementia 631 (6.63%) 384 (7.42%) 0.0309 386 (7.53%) 380 (7.41%) 0.0045

Peripheral vascular disease 434 (4.56%) 213 (4.12%) 0.0218 198 (3.86%) 212 (4.13%) 0.0139

Medication
Proton-pump inhibitors 8140 (85.57%) 4430 (85.64%) 0.0020 4403 (85.88%) 4389 (85.61%) 0.0078

Hemostatic 3237 (34.03%) 2085 (40.31%) 0.1302 2069 (40.35%) 2049 (39.96%) 0.0080
Drugs for constipation 5973 (62.79%) 3554 (68.70%) 0.1249 3489 (68.05%) 3508 (68.42%) 0.0080

Furosemide 3329 (34.99%) 2326 (44.96%) 0.2046 2291 (44.69%) 2283 (44.53%) 0.0031
Metoclopramide 4008 (42.13%) 2598 (50.22%) 0.1628 2564 (50.01%) 2553 (49.80%) 0.0043

Silicon 4157 (43.70%) 2539 (49.08%) 0.1081 2502 (48.80%) 2500 (48.76%) 0.0008
Magnesium oxide 1512 (15.89%) 910 (17.59%) 0.0455 887 (17.30%) 890 (17.36%) 0.0016

Aspirin 2833 (29.78%) 1744 (33.71%) 0.0846 1679 (32.75%) 1708 (33.31%) 0.0120
Clopidogrel/Ticagrelor 772 (8.12%) 398 (7.69%) 0.0156 392 (7.65%) 397 (7.74%) 0.0037

NSAIDs 6403 (67.31%) 3638 (70.33%) 0.0652 3603 (70.28%) 3598 (70.18%) 0.0021

ASD: absolute standardized difference, PSM: propensity score matching, CCI score: Charlson Comorbidity
Index score.

Figure 1. Study flowchart.
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3.2. The Risk of Mortality in the TXA Treatment Group

Figure 2 presents the mortality incidence density (per 100 person month), which were
1.22 (95% CI: 1.09–1.37) and 1.86 (95% CI: 1.70–2.04) in the PSM early and late treatment
groups, respectively; the adjusted HR for early treatment was 0.65 (95% CI: 0.56–0.75)
during the first and fourth weeks. During the 13th and 52nd weeks, the mortality in-
cidence density (per 100 person month) was 0.23 (95% CI: 0.21–0.25) and 0.25 (95% CI:
0.23–0.27) in the early and late treatment groups, respectively; the adjusted HR (aHR) for
early treatment was 0.90 (95% CI: 0.80–1.00). A Kaplan–Meier survival analysis revealed
significantly lower cumulative incidence of mortality in the early treatment group (log-rank
test: p < 0.0001; Figure 3).

Figure 2. Incidence density of mortality.

Figure 3. Kaplan–Meier curves for the 52 week mortality risk.

The patients who received early TXA treatment had a significantly lower risk of mor-
tality during the first and eighth weeks compared with those who received late treatment
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(aHR: 0.64, 95% CI: 0.57–0.73). Other significant risk factors of mortality were age; comorbid
kidney disease, liver disease, and hemorrhagic stroke; and prescription for hemostatic
agents, drugs for constipation, furosemide, and metoclopramide (Table 2).

Table 2. Multiple Cox regression to estimate the hazard ratio for the 52 week mortality risk.

Variable
aHR (95% CI)

1–8 Weeks 9–52 Weeks

Study group
Early treatment 0.64 (0.57–0.73) 0.90 (0.80–1.00)
Late treatment Reference Reference

Index year
2000–2005 Reference Reference
2006–2010 1.23 (1.05–1.45) 0.98 (0.85–1.14)
2011–2015 1.12 (0.95–1.32) 1.04 (0.90–1.20)

Sex
Female Reference Reference
Male 1.09 (0.95–1.25) 1.24 (1.10–1.40)
Age
≤50 Reference Reference

51–70 1.18 (0.96–1.45) 0.98 (0.81–1.18)
≥71 2.09 (1.70–2.57) 1.81 (1.51–2.18)

Co-morbidity (ref: non)
Hypertension 0.74 (0.64–0.85) 0.94 (0.83–1.07)

Diabetes mellitus 1.07 (0.93–1.23) 1.24 (1.10–1.39)
Hyperlipidemia 0.76 (0.61–0.94) 0.73 (0.61–0.88)
Kidney disease 1.41 (1.21–1.63) 1.52 (1.34–1.73)

Chronic pulmonary diseases 1.09 (0.94–1.26) 1.22 (1.08–1.39)
Liver disease 1.32 (1.14–1.52) 1.48 (1.31–1.68)

Ischemic heart diseases 0.95 (0.79–1.13) 0.86 (0.73–1.00)
Ischemic stroke 1.01 (0.84–1.21) 1.05 (0.90–1.23)

Hemorrhage stroke 1.88 (1.45–2.44) 1.64 (1.27–2.11)
Atrial fibrillation 0.88 (0.68–1.13) 1.08 (0.88–1.33)

Congestive heart failure 1.18 (0.99–1.40) 1.11 (0.95–1.29)
Dementia 1.17 (0.96–1.42) 1.43 (1.21–1.69)

Peripheral vascular disease 1.23 (0.94–1.61) 1.09 (0.85–1.40)
Medication (ref: non)

Proton-pump inhibitors 0.93 (0.75–1.14) 1.00 (0.84–1.20)
Hemostatic 1.95 (1.71–2.22) 1.27 (1.13–1.42)

Drugs for constipation 1.22 (1.02–1.45) 2.32 (1.93–2.79)
Furosemide 2.71 (2.32–3.16) 2.41 (2.12–2.74)

Metoclopramide 1.43 (1.25–1.64) 1.50 (1.33–1.69)
Silicon 0.85 (0.75–0.97) 0.97 (0.87–1.09)

magnesium oxide 0.95 (0.81–1.12) 0.92 (0.80–1.05)
Aspirin 1.11 (0.97–1.28) 1.06 (0.94–1.20)

Clopidogrel/Ticagrelor 1.09 (0.87–1.36) 1.27 (1.06–1.53)
NSAIDs 0.93 (0.75–1.14) 1.00 (0.84–1.20)

We also classified the TXA treatment into three groups: (1) early TXA treatment in
an emergency department; (2) late TXA treatment after hospitalization; and (3) both early
and late TXA treatment. Figure 4 presents the risk of mortality in those who received early
TXA treatment compared with those who only received late TXA treatment. Regarding risk
during the first and fourth weeks, the aHR for early treatment was 0.55 (95% CI: 0.46–0.65),
and the aHR for both early and late treatment was 0.74 (95% CI: 0.63–0.86). Regarding risk
during the 13th and 52nd weeks, the aHR for early treatment was 0.89 (95% CI: 0.78–1.02),
and the aHR for both early and late treatment was 0.89 (95% CI: 0.78–1.01).
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Figure 4. Incidence density of mortality.

3.3. Thromboembolic Events in the TXA Treatment

The thromboembolic events (including deep-vein thrombosis, pulmonary embolism,
acute myocardial infarction, hemorrhagic stroke, and ischemic stroke) are presented in
Figure 5. The forest plot analysis indicated no significant association between thromboem-
bolic events and early or late TXA treatment (aHR: 1.03, 95% CI: 0.94–1.12). The Kaplan–
Meier survival analysis also identified no significant increased cumulative probability of
either venous or arterial events (log-rank: p = 0.3654 and 0.0975, respectively, Figure 6).

Figure 5. Flowchart of patient selection.
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Figure 6. Kaplan–Meier curves for the 52 week thromboembolic events.

4. Discussion

In this population-based trial, which included 10,254 patients with gastrointestinal
bleeding, early TXA treatment was associated with 36% and 12% lower mortality for a
follow-up period of 1 to 8 and 9 to 52 weeks, respectively. Moreover, early TXA treatment
did not increase the risk of either venous or arterial thromboembolic events compared with
late treatment.

TXA use for gastrointestinal bleeding has been evaluated in randomized clinical trials.
In the HALT-IT trial, compared with the equivalent infusion of saline, TXA administration
resulted in a lower risk of death caused by bleeding and rebleeding within 24 h, 5 days, and
28 days. However, an increased risk of venous thromboembolic events was observed [12].
Another randomized clinical trial, focusing on lower gastrointestinal bleeding, revealed
that TXA had no benefits in relation to blood loss and clinical outcomes [13]. However, the
results for TXA and outcomes for gastrointestinal bleeding have been inconsistent in recent
systematic reviews and meta-analyses. Burke et al. performed a systemic review of 8 stud-
ies that included 12,994 patients with upper gastrointestinal bleeding. Although no effect on
mortality was noted, the beneficial effect of TXA on lower rebleeding risk and a decreased
need for surgery was observed [14]. Another systematic review and meta-analysis, includ-
ing 13 relevant randomized clinical trials and a total of 2271 patients, demonstrated lower
mortality and continued bleeding and less need for urgent endoscopic intervention [11].

Most of the aforementioned studies failed to consider a potential confounding factor:
the timing of TXA administration. TXA can be prescribed for patients with gastrointestinal
bleeding in an emergency department along with other initial treatments, or during hos-
pitalization. For traumatic or postpartum hemorrhage, immediate TXA administration is
recommended for improved survival [15]. Similarly, the timing of TXA treatment might
affect its benefits for gastrointestinal bleeding, and trial results may be influenced by this
confounding factor. Furthermore, current TXA treatment guidelines for gastrointestinal
bleeding include no clear timings [16,17].

Hence, in our study design, we defined early treatment as TXA administered in an
emergency department and late treatment as TXA administered after hospitalization. The
results demonstrated a significant decrease in mortality rates for early TXA treatment in
patients with gastrointestinal bleeding compared with late treatment for both short-term
and long-term follow-up, which is compatible with the results of a systematic review
and meta-analysis [11]. In addition to reducing mortality, early TXA administration in
an emergency department was associated with a significant decrease in the need for
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urgent endoscopy in a randomized clinical trial exploring the effect of TXA on the urgent
endoscopy rate for gastrointestinal bleeding [18].

The length of hospital stay is also a key clinical outcome. Our study demonstrated
that early TXA treatment and both early and late treatment resulted in a shorter length of
hospital stay compared with late treatment alone. Similar to our results, Miyamoto et al.,
who conducted a nationwide observational study in Japan, reported that TXA reduced
the length of stay for patients with colonic diverticular bleeding [19]. Other retrospective
studies have also revealed a decreased hospital stay following TXA administration for
patients with vascular trauma [20] or intraoperative administration [21].

In addition to the common adverse effects of nausea, diarrhea, and stomach pain, the
risk of thromboembolic events is a major adverse effect of TXA use in clinical practice [22,23].
The HALT-IT trial revealed an increase in venous thromboembolic events with TXA use,
but primarily in patients with underlying liver diseases [12]. In contrast, the CRASH-3 trial
demonstrated that TXA reduced the risk of death, with a similar risk of thromboembolic
events compared with placebo groups [8]. Regarding the timing of TXA treatment, our
study revealed a similar risk of thromboembolic events in early and late TXA treatment.

Our study also demonstrated that patients older than 71 years and those with liver
and kidney disease all had a significantly increased risk of mortality from gastrointestinal
bleeding. These results are consistent with those of a UK population-based study, which
reported that older age was the most crucial prognostic factor for gastrointestinal bleeding,
with a mortality rate 53 times higher for patients aged over 85 years. Liver and renal
comorbidities were also associated with a 7.9 and 3.9 times higher mortality rate [24].
Another meta-analysis evaluated the relationship between kidney disease and outcomes of
gastrointestinal bleeding, revealing a higher mortality in the chronic kidney disease group
(odds ratio (OR): 1.786, 95% CI: 1.689–1.888, p < 0.001) and the end-stage renal disease
group (OR: 2.530, 95% CI: 1.386–4.616, p = 0.002) [25].

Studies have demonstrated that TXA use leads to improved clinical outcomes for
other hemorrhagic conditions, such as traumatic [8,26], major obstetric [27], postpartum [7],
and surgical hemorrhage [5,28–30]. Studies have also considered the effect of TXA use on
cerebral hemorrhage. A systematic review and meta-analysis including 14 randomized con-
trolled trials with 4703 patients with cerebral hemorrhage demonstrated no improvement
in mortality by day 90 in patients receiving TXA (OR: 0.99, 95% CI: 0.84–1.18, p = 0.95) [31].
However, the risk of rebleeding and hematoma expansion was reduced and thromboem-
bolic events were not increased. Furthermore, Rowell et al. performed a double-blinded,
randomized clinical trial of out-of-hospital TXA use within 2 h for neurological outcomes
in patients with severe traumatic brain injury [32]. No significant difference in neurologic
function at 6 months or mortality and progression of intracranial hemorrhage was observed.

This study has some limitations. First, data on personal behaviors, such as smoking
and alcohol consumption, are not available in the NHIRD; such personal behaviors are
potential confounders. However, to address these factors, we included related comorbidi-
ties and performed PSM. Second, the cause and location of the gastrointestinal bleeding,
disease severity, endoscopic intervention and TXA dosage are not included in the NHIRD.
Different hemorrhage severity, endoscopic intervention and TXA dosages are potential con-
founders of our results. Third, no control group of patients with gastrointestinal bleeding
but without TXA treatment was included because our study evaluated the timing of TXA
treatment. Finally, further randomized clinical trials with a sufficient sample size, rigorous
patient selection, and controlled intervention are required.

5. Conclusions

In this Taiwan population-based study, early TXA treatment was associated with
lower mortality without increased thromboembolic events compared with late treatment in
patients with gastrointestinal bleeding. Future research is required to clarify the outcomes
in terms of continued bleeding, rebleeding, blood transfusion, and the need for urgent
endoscopic intervention.
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Abstract: Surgery has become well established for patients with colorectal and neuroendocrine
liver metastases. However, the value of this procedure in non-colorectal and non-neuroendocrine
metastases (NCRNNELMs) remains unclear. We analyzed the outcomes of patients that underwent
liver surgery for NCRNNELMs and for colorectal liver metastases (CRLMs) between 2012 and 2017
at our institution. Prognostic factors of overall and recurrence-free survival were analyzed, and a
comparison of survival between two groups was performed. Seventy-three patients (30 NCRNNELM
and 43 CRLM) were included in this study. Although the mean age, extrahepatic metastases, and
rate of reoperation were significantly different between the groups, recurrence-free survival was
comparable. The 5-year overall survival rates were 38% for NCRNNELM and 55% for CRLM. In
univariate analysis, a patient age of ≥60 years, endodermal origin of the primary tumor, and major
complications were negative prognostic factors. Resection for NCRNNELM showed comparable
results to resection for CRLM. Age, the embryological origin of the primary tumor, and the number
of metastases might be the criteria for patient selection.

Keywords: liver metastases; colorectal liver metastases; non-colorectal and non-neuroendocrine liver
metastases; liver resection

1. Introduction

Surgical treatment of colorectal liver metastasis (CRLM) has been well established over
the past few decades. Multimodal approaches, innovative surgical techniques, and inter-
disciplinary therapy concepts have contributed to achieving better long-term survival rates
in patients who were previously deemed palliative. In fact, recent analyses suggest 5- and
10-year survival rates of 40–58% and 12–36%, respectively, when radical resection (R0) was
achieved [1–8]. In parallel to the implementation of surgical strategies for CRLM, hepatic
neuroendocrine metastases have also become a field of interest. While hepatic metastases
that originate from neuroendocrine tumors generally indicate a negative prognosis, resec-
tion of the metastases has been shown to be beneficial for patients in both palliative and
curative settings of the disease with a favorable influence on long-term outcomes [9–11].

Since colorectal cancers and neuroendocrine tumors mainly metastasize through the
portal vein, the incidence of their metastasis in the liver is high. Nevertheless, the liver
is a common metastatic site of various other primary tumors. The role of resection in
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such settings has been scarcely explored until recently, mainly due to the rarity of these
diseases compared to CRLM [12–14]. An epidemiologic study from the Netherlands
showed that 46% of adenocarcinoma liver metastases were colorectal in origin, whereas
gastric, pancreatic, or esophageal metastases represented only 15%. Metastasis of breast
cancer is the most common metastatic disease of a non-splanchnic organ, accounting for
only 8.2% of all metastases [15].

Recent developments in surgical techniques, resulting in reduced postoperative mor-
bidity following liver surgery, have increased the courage to offer hepatic resection to
patients with non-colorectal non-endocrine liver metastases (NCRNNELMs). Thus, the
indication for hepatic resection for NCRNNELM has to be redefined in-line with these de-
velopments. However, there is a current gap in knowledge regarding surgical outcomes, as
most available data on this subject lack follow-up results of hepatic re-section and dismiss
the comparison with CRLM.

The aim of this study was to analyze the outcomes of patients treated for liver metas-
tasis of NCRNNE origin compared with patients suffering from CRLM and to identify
prognostic factors of overall and recurrence-free survival in this cohort.

2. Materials and Methods

This study was carried out as an observational retrospective single-center trial, which
analyzed all patients that underwent surgical resection for liver metastases between 2012
and 2017 at our tertiary center. The study was conducted in accordance with the Declaration
of Helsinki and approved by our local ethics committee (ID: ID 2019-636-f-S). Due to the
retrospective character of the analysis, patient consent was waived. Patient data were
collected from hospital archives and electronic patient records.

The inclusion criteria were histologically proven liver metastases and surgical treat-
ment of the metastases with curative intention. The exclusion criteria were age <18 years,
palliative resections, and other tumor control therapies for liver metastasis, such as ablation,
radiation, or embolization (Figure 1).

Figure 1. Flow chart of patient inclusion.

All patients were discussed at our local interdisciplinary tumor board prior to onco-
logical procedures. Due to their unique biology, liver metastases of neuroendocrine tissues
were excluded from our study. Patients with extrahepatic disease manifestations (beyond
the primary lesion) were not excluded. Resection of four or more segments in one session
was considered as major hepatectomy. Oligometastatic liver disease was defined as less
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than five metastases [16]. Synchronous metastases were those that were diagnosed within
the first six months of primary diagnosis [17].

Two groups were defined based on the site of the primary tumor: the CRLM and
NCRNNELM groups. In addition to the patients’ demographic data, information regarding
the primary disease, description of hepatic lesions, and surgical procedure was acquired.
The patients’ postoperative course was screened for complications and follow-up. The
tumor burden score was calculated according to the formula A2 + B2 = C2 (A: maximum
tumor diameter; B: number of tumors; C: Tumor Burden Score) [18]. To overcome the
heterogeneity of primary cancers, tumors were categorized according to embryological
origin: ectodermal, mesodermal, and endodermal.

Statistics

Statistical analysis was performed using SPSS (V. XX, IBM, Armonk, New York, NY,
USA). Data were described as the mean and standard deviation or median and range.
Paired and unpaired Student’s t-tests were carried out for comparison of parameters, as
appropriate. For multivariate analysis and group comparison, log-rank and Cox regression
analyses were performed. Overall survival (OS) was calculated from the day of surgery
to death or last follow-up. Recurrence-free survival (RFS) was calculated from the day of
surgery to the first diagnosis of recurrence if radical resection of the liver and extrahepatic
manifestations were initially achieved. Analyses of OS and RFS were obtained by using the
Kaplan–Meier method. A p-value < 0.05 was considered statistically significant.

3. Results

3.1. Characteristic Data

A total of 73 patients were included in this study, of which 43 had CRLM and 30 had
NCRNNELM (Figure 1). The median follow-up time of all patients after hepatic resection
was 45 months.

Descriptive data of both groups are presented in Table 1. Female patients represented
60.5% and 50% of CRLM and NCRNNELM cases, respectively. The patients’ mean age
in the NCRNNELM group was 54.3 years, which was significantly younger than that in
the CRLM group (64.6 years, p = 0.03). Extrahepatic manifestations and metastases were
significantly more frequent in patients with NCRNNELMs than those with CRLM (5% vs.
30%, p = 0.003). There was no significant difference regarding sex, American Society of
Anasthesiologists (ASA) state, pre-existing liver conditions, or synchronicity of metastases
between the two groups. Solitary metastasis in the NCRNNELM group was more common
(55% vs. 80%, whereas cases of oligo- and multiple metastases were more frequent in
the CRLM group (30% vs. 16.7% and 15% vs. 3.3%, respectively, p = 0.02). However, the
tumor burden score was similar in both groups (4.5 for CRLM; 3.9 NCRNNELM). The
majority of lesions were smaller than 5 cm and located in the right lobe of the liver in
both groups. However, bilobar lesions were more frequent in CRLM (25.6% vs. 6.7%,
p = 0.03). Although a major hepatectomy was more commonly performed for CRLM, the
operation time and extent of liver resection did not differ significantly between the groups.
Margin-free resection (R0) was achieved in 93% and 90% of the CRLM and NCRNNELM
groups, respectively (p = 0.67). None of the patients in the NCRNNELM group required
reoperation or died in the first 30 days after surgery, whereas seven patients (16.3%) with
CRLM underwent reoperation due to complications after liver re-section, of which one
patient (2.3%) died on postoperative day 14 after extended right hepatectomy due to
portal vein thrombosis and liver failure. Hence, the major complication rate in CRLM
was higher than in the NCRNNELM group (Clavien–Dindo ≤ 3a were 37.2% and 46.7%,
Clavien–Dindo > 3a were 18.6% and 6.7%, respectively).
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Table 1. Patient characteristics.

Parameter
CRLM
n = 43

NCRNNE
n = 30

p (<0.05)

All patients 43 (100.0) 30 (100.0)

Age (median and range) 64.5 (35–90) 54.3 (20–80) 0.03 a

Sex (n, %)
Male 26 (60.5) 15 (50.0) n.s.
Female 17 (39.5) 15 (50.0) n.s.

BMI (kg/m2, mean ± SD) 27.2 26.0 n.s.

ASA score (n, %)
≤2 28 (65.1) * 22 (73.3) n.s.
>2 12 (27.9) 8 (26.7)

Synchronicity (n, %)
synchronous 19 (44.2) 12 (40.0) n.s.
metachronous 24 (55.8) 18 (60.0) n.s.

Extrahepatic metastasis (n, %)

Yes 2 (4.7) 9 (30.0) 0.003 b

No 41 (95.3) 21 (70.0)

Number of metastases (n, %)
Solitary 22 (51.1) * 24 (80.0)
Oligo 12 (27.9) 5 (16.7) 0.02 b

Multiple 6 (13.9) 1 (3.3)

Size of biggest lesion (n, %)
≤5 cm 36 (83.7) * 25 (83.3) n.s.
>5 cm 4 (9.3) 5 (16.7)

TBS (mean ± SD) 4.5 ± 4.6 3.9 ± 3.4 n.s.

Location (n, %)
Right lobe 25 (58.1) 17 (56.7)
Left lobe 7 (16.3) 11 (36.7) 0.03
Bilobar 11 (25.6) 2 (6.7)

Preoperative chemotherapy (n, %)
Yes 28 (65.1) 17 (56.7) n.s.
No 15 (34.9) 13 (43.3)

Postoperative chemotherapy (n, %)
Yes 21 (48.8) * 12 (40.0) * n.s.
No 20 (46.5) 16 (53.3)

Liver resection (n, %)
minor 36 (83.7) 29 (96.7) n.s.
major 7 (16.3) 1 (3.3)

Surgery time (min, mean ± SD) 214 237.8 n.s.

ICU (day, mean ± SD) 5.6 4.1 n.s.

Blood Transfusion (n, %)
Yes 7 (16.2) * 2 (6.66) * n.s.
No 34 (79.0) 26 (86.6)

R-status (n, %)
R0 40 (93.0) 27 (90.0) n.s.
R1 3 (7.0) 3 (10.0)

Reoperation (n, %)
Yes 7 (16.3) 0 (0) 0.02 b

No 36 (83.7) 30 (100.0)
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Table 1. Cont.

Parameter
CRLM
n = 43

NCRNNE
n = 30

p (<0.05)

Complications (n, %)
none 18 (41.8) * 14 (46.7)
CD ≤ 3a 16 (37.2) 14 (46.7) n.s.
CD > 3a 8 (18.6) 2 (6.7)

ICU readmission (n, %)
yes 2 (5.0) 1 (3.3) n.s.
no 41 (95.0) 29 (96.7)

CRLMs: colorectal liver metastases, NCRNNE: non-colorectal non-neuroendocrine, ASA: American Society of
Anesthesiologists, BMI: body mass index, TBS: tumor burden score, ICU: intensive care unit, CD: Clavien–Dindo
score, n.s.: not signifcant, a: Student’s t-test, b: Fischer’s exact test, * missing patients’ data.

Although the overall survival (OS) of patients after resection of CRLM was higher than
that of the NCRNNELM group, this difference was not statistically significant (Figure 2).
However, the 1- and 3-year survival rates were significantly higher in the CRLM group
(93% vs. 60%, p = 0.001; 72% vs. 43%, p = 0.01). There was no significant difference in 5-year
survival between the CRLM and NCRNNELM groups (55% vs. 38%, p = 0.26). In the CRLM
group there were more patients having more than one liver lesion, but the tumor burden
was similar in both groups. On the contrary, extrahapatic disease was more common in the
NCRNNELM group. However, none of these parameters were significantly predictive of
overall survival in NCRNNELM patients.

To estimate recurrence-free survival, we excluded patients with R1 resection and
untreated extrahepatic disease. Of the remaining 22 patients in the NCRNNELM group,
12 patients (54.5%) developed disease recurrence during follow-up; in seven cases (25.9%),
hepatic recurrence was reported, and in five cases (18.5%), extrahepatic disease recurrence
was reported. The mean recurrence-free survival was 11.7 months. In the CRLM group,
three patients were excluded due to R1 resection, and of the remaining 40, disease recur-
rence was reported in 29 cases (72.5%). There was no significant difference in recurrence-free
survival between the two groups; however, after 1 year, patients with CRLM tended to
develop recurrence more frequently than those with NCRNNELM (Table 2, Figure 2).

Table 2. Parameters on recurrence-free survival.

Variables Recurrence-Free Survival

Univariate Multivariante

HR 95% CI p HR 95% CI p

ASA, ≤2 vs. >2 1.22 0.32–4.66 0.76
Sex, male vs. female 0.56 0.16–1.89 0.35

Age, ≤60 years vs. >60 years 1.36 0.41–4.45 0.60
Primary embryology, mesoderm vs. ectoderm vs. endoderm 3.41 1.34–8.67 0.01 2.96 1.10–7.94 0.03

Extra-hepatic disease manifestation, yes vs. No 0.76 0.16–3.55 0.73
Synchronicity, synchronous vs. metachronous 1.44 0.43–4.81 0.55

Timing of metastases, ≤24 months vs. >24 months 0.99 0.29–3.35 0.99
Number of metastases, solitary vs. Multiple 12.59 2.09–75.74 0.006 5.71 0.92–35.47 0.06

Location of metastases, right vs. Left vs. Bilobar 0.94 0.31–2.85 0.92
Size of biggest lesion, ≤5 cm vs. >5 cm 0.26 0.31–2.21 0.21
Neoadjuvant chemotherapy, yes vs. no 0.56 0.16–1.92 0.36

Adjuvant chemotherapy, yes vs. no 0.75 0.19–2.83 0.67
Clavien-Dindo, 0 vs. ≤3a vs. >3a 1.67 0.62–4.44 0.30

ASA; American Society of Anesthesiologists, HR; hazard ratio, CI; confidence interval.
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Figure 2. Kaplan–Meier analysis of the overall and recurrence-free survival of patients with NCRNNE
and CRLM.

3.2. Predictive Factors of Overall Survival and Recurrence-Free Survival in NCRNNELM

Primary tumors for NCRNNCELM (n = 30) were pancreatic adenocarcinoma (n = 4),
renal cell carcinoma (n = 3), esophageal cancer (n = 3), gastrointestinal stromal tumor (n = 3),
melanoma (n = 3), sarcoma (n = 3), testicular cancer (n = 3), papillary adenocarcinoma
(n = 2), ovarian cancer (n = 2), thyroid cancer (n = 2), breast cancer (n = 1), and gallbladder
cancer (n = 1). Accordingly, metastases were of mesodermal, ectodermal, and endodermal
origin in 46.7%, 13.3%, and 40% of cases, respectively. Overall survival (OS) in this group
at 1, 3, and 5 years was 60%, 43.3%, and 38%, respectively, although it should be noted that
5-year survival was not applicable in patients treated after 2015. In univariate analysis, a
patient age over 60 years of age and a primary tumor of endodermal origin were identified
as negative prognostic factors for OS; however, none of these factors proved significant in
multivariate analysis as independent factors (Table 3, Figure 3). Recurrence-free survival
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(RFS) rates at 1, 3, and 5 years were 47.4%, 38.9%, and 23.5%, respectively, with a median
RFS of 25.1 ± 28.9 (0–99) months. Embryology of the primary tumor stood out as a
significant predictor for RFS in univariate and multivariate analyses, with endodermal
origin demonstrating the poorest prognosis. Univariate analysis confirmed the number
of liver lesions as a significant factor for RFS; however, the multivariate analyses on ASA,
age, extrahepatic manifestation, synchronicity, location of metastases, size of the largest
lesion, adjuvant or neoadjuvant chemotherapy, and postoperative complications did not
show any significance.

Table 3. Parameters on overall survival.

Variables Overall Survival

Univariate Multivariate

HR 95% CI p HR 95% CI p

ASA, <2 vs. >2 1.76 0.65–4.77 0.26
Sex, male vs. female 0.74 0.28–1.92 0.53

Age, ≤60 years vs. >60 years 4.03 1.48–10.99 0.006 1.90 0.51–7.01 0.33
Primary embryology, mesoderm vs. ectoderm vs. endoderm 2.46 1.37–4.41 0.003 1.93 0.91–4.08 0.08

Extra-hepatic disease manifestation, yes vs. no 0.88 0.30–2.50 0.81
Synchronicity, synchronous vs. metachronous 0.80 0.30–2.12 0.66

Timing of metastases, ≤24 months vs. >24 months 1.86 0.65–5.30 0.24
Number of metastases, solitary vs. multiple 1.42 0.46–4.39 0.53

Location of metastases, right vs. Left vs. bilobar 0.96 0.43–2.14 0.93
Size of biggest lesion, <5 cm vs. >5 cm 1.02 0.29–3.56 0.97

Neoadjuvant chemotherapy, yes vs. No 0.54 0.20–1.40 0.20
Adjuvant chemotherapy, yes vs. No 0.65 0.23–1.79 0.40

R status, R0 vs. R1 1.66 0.37–7.28 0.50
Blood transfusion, yes vs. No 4.63 0.99–21.52 0.05

Clavien-Dindo, 0 vs. ≤3a vs. >3a 1.83 0.89–3.78 0.09

ASA: American Society of Anesthesiologists, HR: hazard ratio, CI: confidence interval.

Figure 3. Cont.
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Figure 3. Kaplan–Meier analysis of the age (above and below 60 years) and embryological origin of
the primary tumor on overall survival of the patient with NCRNNE.

4. Discussion

To date, the role of radical surgical treatment of NCRNNELM is a topic of ongoing
debate. Currently, many patients with NCRNNELM are treated as palliative despite
modern advances in liver surgery and improvement of multimodal therapy concepts. Our
study analyzed the 5-year survival of patients after liver resection for NCRNNELM and
compared them to a cohort of surgically treated patients with CRLM. In addition, we
focused on prognostic predictors in NCRNNE liver metastasis patients.

Adam et al. shed light in 2006 on resection of NCRNNELM in a multicenter study
including 1452 patients and developed an algorithm to assist selecting patients and pre-
dicting their outcomes [19]. This was a milestone in this field, yet a decade later, some of
those factors might be outdated [20]. In their population, they identified an age of over
60 years, extrahepatic metastases, and major hepatectomy as negative prognostic factors.
In a more recent study with 100 patients, Holzner et al. found residual disease, female sex,
endodermal origin, and onset of metastatic disease within 24 months of primary diagnosis
to have a negative prognostic effect on outcome [21]. However, in their data, they excluded
patients with extrahepatic or extra-abdominal disease and selected only patients with
“curative” intent surgery. We explicitly did not exclude patients with extrahepatic disease
in our cohort and found no negative correlation with either OS or RFS. We were only able
to reproduce two of the previously suggested negative prognostic factors on OS in our
results: patient age over 60 years and endodermal origin of the primary tumor. On the
other hand, the number of metastases in addition to the origin of the primary tumor was
found to be a further prognostic factor of recurrence-free survival.

There have been several previous publications on the surgical treatment of various
metastatic liver diseases, many of which reported breast or genitourinary cancer as the most
common primary [22–24]. In particular, metastases of genitourinary primaries have shown
a more favorable outcome in comparison to those of the gastrointestinal tract, and a median
survival time as much as three times longer has been described [25,26]. In our cohort, the
most common primary site was the gastrointestinal tract (33.3%). Fewer metastases of
genitourinary primaries were observed, and only one case of breast cancer was included.
The contrast with some other studies was due to different geography and distribution of
primary disease, which might have had an effect on different outcomes. Wakabayashi et al.
showed in a recent multicentric analysis a 5-year survival rate of 41% in 205 patients after

54



J. Clin. Med. 2022, 11, 1906

curative resection of non-colorectal liver metastases of the stomach and pancreas as the
most common primary sites, which was similar to our results [27].

The establishment of liver resection in CRLM has come a long way, and the initial
results 20 years ago on surgical treatment of CRLM showed comparable results to the most
recent data on surgical resection of NCRNNELM cases [28]. Therefore, one must assume
that there is room for improvement in this field. In particular, the implementation and
improvement of minimally invasive liver resection for NCRNNELM might lead to further
improvement in this area as it did in surgical treatment of CRLM [29,30]. Furthermore,
minimally invasive treatment of the primary tumor would lead to a better postoperative
performance score of patients. Thus, several patients would be suitable for additive surgery
in terms of liver metastasis [31]. On the other hand, in the last decade, significant progress
in the multidisciplinary treatment of oncological diseases was seen. Thus, neoadjuvant con-
cepts have been widely investigated in gastrointestinal malignancies, showing encouraging
results for tumor shrinkage and improved survival [32,33].

In our cohort, the liver resection of the metastasis of tumors with endodermal origin
showed a significantly worse prognosis. The sample size would not allow the comparison
of all the entities. However, i.e., the liver metastases of pancreatic adenocarcinoma were
only solitary tumors. In one patient, the resection of the metastasis was conducted simul-
taneously during the primary operation for pancreatic cancer. Three patients underwent
hepatic surgery following primary pancreas surgery and additive chemotherapy. Recently,
Shao et al. showed the feasibility of simultaneous pancreas and liver resection in the
oligometastatic concept due to pancreatic cancer, and it showed a significant benefit for the
patients following resection and (neo)adjuvant chemotherapy and surgery in comparison
to patients that underwent palliative regimens only [34]. Although they included nine
patients without neoadjuvant chemotherapy due to the intraoperative diagnosis of liver
lesions, they favored chemotherapy for oligometastatic diseases. We also propose that the
NCRNELM should be rapidly evaluated for aggressive systemic therapy, since there are
encouraging steps in the oncological treatment of, especially, pancreatic [33], esophageal,
gastric [35], and renal cell cancer [36]. Taking all these developments into consideration, it
is more likely that more patients with liver metastasis of NCRNNE could be candidates for
hepatic resection.

Although our data were not able to detect independent prognostic factors for outcomes
after liver resection of NCRNNELM, as demonstrated in previous studies, we found that
age and embryological origin of primary tumors had an effect in univariate analysis.
This was probably due to the relatively small sample of patients in our study. Moreover,
although the short-term survival of patients after liver resection for CRLM was better, the
overall and 5-year survival results showed no significant difference between the CRLM
and NCRNNELM groups. Thus, we were not able to identify any factors that significantly
impaired overall survival following surgery on NCRNNELM. This finding was in line with
the recent publications of Patkar et al. and Lok et al. with similar sample sizes [37,38]. This
suggested that patients with NCRNNELM could benefit from radical treatment in the long
run. Therefore, patients with NCRNNELM should be evaluated for surgical treatment in
terms of the concept of oligometastases, before palliative regimens are introduced.

As a retrospective study with a small number of patients, due to the rarity of such
surgically treated cases, even in a high-volume single center, our data had certain limitations.
Primary diseases were heterogeneous in our cohort, and comparisons of those diseases
were mostly carried out in other studies according to histology. We deliberately did not
categorize subgroups depending on histology or site of primary tumor because the number
of patients in each subgroup would have been too small for statistical comparison. Instead,
the embryonic origin of the primary tumor was considered. Furthermore, outcome data
beyond 5 years were missing in this study, since we only analyzed patients treated between
2012 and 2017.

Since the occurrence of liver surgery for NCRNNELM is rare, attempts have to be
made to build collaborations to achieve bigger cohorts. However, the indication, surgical
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strategy, and the treatments in terms of adjuvant and neoadjuvant chemotherapy for
NCRNNELM may differ between centers, thus it still would be challenging to define the
objective criteria for NCRNNELM. On the other hand, as stated by a Dutch group recently,
even in a nationwide data analysis, variation on outcomes following liver surgery can
occur [39].

5. Conclusions

Despite the heterogeneous distribution of the primary disease, our results concluded
that hepatic resection of NCRNNELM might be feasible for patients under 60 years of
age and with metastasis of non-endodermal primaries, and showing satisfying 5-year
survival results. For recurrence-free survival, multiple metastases and endodermal origin
of the primary tumor appeared to have an unfavorable influence. However, in multivariate
analyses, our data did not identify any significant factor that affected overall survival.
Hence, cases of NCRNNELM should be individually discussed by multidisciplinary boards
with an experienced liver surgeon, and surgical treatment should be considered. To
establish a treatment algorithm for these patients, further prospective and multicentric
studies are needed.
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Abstract: Crohn’s disease (CD) leads to a poor health-related quality of life (HRQoL). This review
aimed to investigate the effect of biological agents and small-molecule drugs in improving the HRQoL
of patients with moderate to severe CD. We adopted a systematic protocol to search PubMed and
Cochrane Central Register of Controlled Trials (CENTRAL), which was supplemented with manual
searches. Eligible studies were RCTs that matched the research objective based on population, in-
tervention, comparison and outcomes. Studies in paediatric populations, reviews and conference
abstracts were excluded. Covidence was used for screening and data extraction. We assessed all re-
search findings using RoB2 and reported them narratively. We included 16 multicentre, multinational
RCTs in this review. Of the 15 studies that compared the effect of an intervention to a placebo, 9 were
induction studies and 6 investigated maintenance therapy. Of these, 13 studies showed a significant
(p < 0.05) improvement in the HRQoL of patients with CD. One non-inferiority study compared
the intervention with another active drug and favoured the intervention. This systematic review
reported a substantial improvement in the HRQoL of patients with CD using biological agents and
small-molecule drugs. These pharmaceutical substances have the potential to improve the HRQoL
of patients with CD. However, further large clinical trials with long-term follow-up are essential to
validate these findings.

Keywords: Crohn’s disease; biologics; small-molecule drugs; health-related quality of life (HRQoL)

1. Introduction

Crohn’s disease (CD) is a debilitating inflammatory disease that affects any part of
the gastrointestinal tract, resulting in intestinal and systemic manifestations. It is a chronic
disease characterised by alternating periods of disease relapse and remission. The chronic
nature, early age of onset and incapacitating intestinal and systemic manifestations account
for major social and financial stressors. Some distressing factors in patients with CD include
frequent hospital visits, long-term medications with their side effects, bowel stenosis,
possible surgical interventions and the fear of developing cancer [1,2]. A major burden
on healthcare systems is related to the management of the CD-specific chronic internal
and perianal fistulas, which need special attention in highly specialised colorectal surgery
centres. The most dreadful complication of CD remains colorectal cancer, with a reported
incidence of 746,000 cases (10.0% of the total cancer burden in men) and 614,000 cases (9.2%
of the cancer incidence in women) [3,4].

HRQoL is a multidimensional concept which pertains to vitality, social energy and
physical wellbeing [5–8]. To determine the effect of disease activity on HRQoL, several
disease-specific HRQoL questionnaires have been used, such as the McMaster inflam-
matory bowel disease questionnaire (IBDQ) [9], the short IBDQ [10], the rating form of
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inflammatory bowel disease patient concerns (RFIPC) [11] and the sickness impact profile
(SIP) [12]. All such tools measure specific elements of the HRQoL of patients with a focus
on the certain characteristics of vitality and mental and social wellbeing.

To improve HRQoL, traditionally, the contemporary management of CD was driven
by a progressive, stepwise therapeutic intensification with a re-review of the clinical re-
sponse according to symptoms. This approach did not improve the long-term clinical
outcomes in patients with CD [13], leading to the introduction of a “treat to target” CD
management strategy, which guides physicians in the regular assessment of disease activity
using objective clinical and biological outcome measures and subsequent treatment mod-
ifications [14]. The STRIDE-II initiative, an Update on the Selecting Therapeutic Targets
in Inflammatory Bowel Disease (STRIDE) Initiative, confirmed that the restoration of QoL
is the most important long-term treatment target in CD, irrespective of other objective
markers of inflammation [15].

In the last two decades, biological agents (generally large, complex molecules manu-
factured by biotechnology[16]) have emerged as novel therapeutic agents for CD. Since the
approval of infliximab in 1999, five other agents have been approved. These drugs work
by inhibiting TNF-alpha, integrin-alpha4 or IL23/12p40 [17,18]. Due to a rising number
of non-responders to treatment and a deeper understanding of the pathophysiological
mechanisms of CD, new drugs are being developed to target IL23p19 and the JAK/STAT
mechanisms or to regulate gut leukocyte trafficking [18]. As a primary outcome measure
of therapy and a key factor of consideration for decision-makers, HRQoL has become a
frequently measured outcome in clinical trials.

In 2009, a systematic review reported that the then-approved biologics (infliximab,
adalimumab, certolizumab and natalizumab) demonstrated clinical improvement in the
HRQoL of patients with inflammatory bowel disease (IBD) [19]. Since then, despite a
staggering upsurge in CD management strategies and the availability of novel biological
agents, there has been a scarcity of literature that could validate their efficacy using the best
clinical evidence. Therefore, this systematic review aimed to evaluate the outcomes of the
currently approved and promising in-development biological agents and small-molecule
agents in improving the HRQoL of patients with moderate to severe CD.

2. Methods

2.1. Objective

Our review targeted studies of patients with moderate to severe CD, measured using
a Crohn’s Disease Activity Index (CDAI) score of 221 to 450 points or equivalent, being
treated with biological agents and small-molecule agents such as TNF-alpha, integrin-
alpha4 or IL23/12p40 inhibitors or those regulating the JAK/STAT mechanism or gut
leukocyte trafficking. We included studies that compared interventions with placebos or
any other drug. The co-primary outcomes of this review were the number of patients
achieving clinically meaningful improvements in HRQoL using the inflammatory bowel
disease questionnaire (IBDQ) or the SF-36 questionnaires and the mean change in IBDQ
total score or the physical component summary (PCS) and mental component summary
(MCS) of the SF-36. Only studies that reported the targeted outcomes were included.

2.2. The HRQoL Scales

The IBDQ is the most frequently used disease-specific HRQoL tool [20]. The IBDQ is a
32-item questionnaire with 4 domains: bowel symptoms, systemic symptoms, emotional
functioning and social functioning. The IBDQ total score is the sum of responses to all the
items, which use a 7-point Likert scale grading system with 1 reflecting a severe problem
and 7, no problem at all. The total score ranges between 32 (very poor HRQoL) and 224
(perfect HRQoL) [19,21].

The SF-36 is a generic HRQOL tool mainly used in IBD clinical trials [20]. The SF-36 has
two summary components, the PCS and the MCS, derived from scores in eight individual
scales (physical functioning, role—physical, bodily pain, general health, vitality, social
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functioning, role—emotional and mental health). A scale of 0 to 100 is used to score eight
scales, with better HRQoL indicated by a higher score [19].

2.3. Inclusion and Exclusion Criteria

All double- or triple-blinded randomised controlled trials (RCTs) published in English
that met the objective of our review were included. We excluded studies regarding adoles-
cents and children (under 18 years of age). Conference proceedings, systematic reviews
and non-English studies were also excluded.

2.4. Search Strategy

On 25 January 2022, a literature search, designed in conjunction with a senior librarian,
was carried out on the databases of PubMed and Cochrane Central Register of Controlled
Trials (CENTRAL). No limits were placed on the time span. Our search did not include
grey literature. The capture–recapture method was used to verify the completeness of
the search strategy results [22]. Keywords of Crohn’s disease, HRQoL, IBDQ, SF-36, anti-
TNF and infliximab were used. To narrow our results towards RCTs, we used a search
strategy suggested by the Cochrane handbook that is highly sensitive for identifying
results of RCTs [23]. A manual search of the reference lists and www.clinicaltrials.gov
(29 January 2022) was also conducted independently. Details of the search strategy are
shown in Appendix A.

2.5. Data Extraction

The screening of titles, abstracts and full-text articles was conducted by two indepen-
dent reviewers (H.A. and M.A.) using the Covidence software, using the defined inclusion
and exclusion criteria as benchmarks. Any discrepancies were discussed and resolved by
the two reviewers. The same software was used for the extraction of data. A customised
template containing fields such as general information (title, study ID and registration
number), the characteristics of the included studies (aim, date conducted and funding) and
the results was used.

2.6. Risk of Bias Assessment

To ascertain the risk of bias, Cochrane collaboration’s risk of bias tool 2 (RoB2, 22 Au-
gust 2019 version) was used independently by two reviewers (H.A. and M.A.) [24]. Any
discrepancies were discussed, and then, a third researcher was consulted to secure a con-
sensus. RoB2 is an outcome-based tool examining five domains which may lead to bias
(bias arising from the randomisation process, deviations from intended interventions, miss-
ing outcome data, measurement of the outcome and the selection of the reported result).
Studies that were rated high in one domain or raised some concerns in multiple domains
that substantially lowered the confidence in the results were rated high overall. The risk of
bias in relevant outcomes was reported, and those studies with a high risk of bias were not
excluded based on those results.

2.7. Strategy for Data Synthesis

The extracted data were categorised according to the interventions used. The results
were reported narratively using descriptive statistics, with the addition of tables and graphs
where appropriate. If a study showed a statistically significant improvement (p < 0.05) in at
least one dose group at the end of the study period, the intervention was considered to be
effective in improving HRQoL.

This review was reported according to The Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines [25]. This review is registered with The In-
ternational Prospective Register of Systematic Reviews (PROSPERO), an open-access online
database of systematic review protocols, with the registration number CRD42022306394 [26].
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3. Results

Our first search retrieved 306 and 303 records from PubMed and CENTRAL, respec-
tively. A further 38 records were retrieved by hand searching www.clinicaltrails.gov and
reference lists. After the removal of 95 duplicates, 552 title/abstracts were screened, which
showed 433 irrelevant reports. Furthermore, 44 reports did not have retrievable full-text
articles, 9 were ongoing studies and 44 were excluded for other reasons, as depicted in the
flowchart. Finally, 22 reports of 16 studies were included (Figure 1). Four studies met the
inclusion criteria. However, we excluded those studies as there was no data about HRQoL
outcomes [27–30].

 

Records identified from: 
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Figure 1. PRISMA flowchart for the stepwise screening and final selection of studies.

3.1. Characteristics of the Included Studies

Our systematic review identified 16 studies. Fifteen compared their investigated
interventions to a placebo. Only SONIC compared its intervention (infliximab) to an-
other active drug (azathioprine) [31]. All included studies were multinational, multicentre
RCTs. The total number of participants in this review was 7463 and ranged between
108 and 1281. Three studies investigated infliximab [31–33], three studies investigated cer-
tolizumab pegol [34–36], three studies investigated ustekinumab [37], two studies investi-
gated natalizumab [38,39] and one study each investigated adalimumab [40], filgotinib [41],
upadacitinib [42], tofacitinib [43] and apilimod mesylate [44]. Nine were induction studies,
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and six were maintenance studies. SONIC was an induction study with a maintenance
extension [31].

A clinically meaningful improvement (MCID) in HRQoL is defined as an increase
of ≥16 points in the IBDQ total score and an increase of 3 to 5 points in the SF-36 PCS
and MCS scores. [45] Based on these values, nine studies defined MCID in the IBDQ as
≥16 points. Three studies defined MCID in the SF-36 PCS and MCS as ≥5 points. Only the
PRECiSE 2 trial defined MCID in the PCS and MCS as 4.1 and 3.9 points, respectively [35].

3.2. Risk of Bias

A total of 157 outcomes were assessed. Of these, 104 (66%), 1 (0.6%) and 52 (33%) were
rated as having high risks, some concerns or low risks of bias overall, respectively. As many
as 9.5% of outcomes [33,44] were rated has having some concerns in domain 1: randomisation
process. Meanwhile, 22.3% of outcomes [38,39,43] were rated as having a high risk in domain
2: deviations from intended interventions. A total of 88 (56%) [32–35,37,39,40,44] outcomes
were rated as having a high risk in missing outcome data (domain 3), while 14% [36,37] of
outcomes were rated as having some concerns. In domain 5: selection of the reported results,
38 (24.2%) [32–34,40] and 41 outcomes (26.1%) [33,35,39] were rated as having a high risk
and some concerns, respectively. All outcomes were rated as having low risks in domain 4
(Table 1 and Figure 2).

Table 1. The estimated risk of bias in the studies recruited for this systematic review (n = 16).

Study ID Experimental
No. of

Participants
Group

Favoured
Outcome Weight

Risk of Bias

D1 D2 D3 D4 D5 O

SONIC [31] Infliximab 508 Intervention All HRQoL
outcomes 8

Targan et al. [32] CA2 108 Intervention All HRQoL
outcomes 3    

ACCENT I [33] Infliximab 573 Intervention
All IBDQ outcomes 5    
All PCS and MCS

outcomes 10   
CHARM [40] Adalimumab 499 Intervention All HRQoL

outcomes 15    
PRECiSE 1 [34] Certolizumab

pegol 662 Intervention All HRQoL
outcomes 2    

PRECiSE 2 [35] Certolizumab
pegol 428 Intervention All HRQoL

outcomes 7   
Rutgeerts et al.

[36]
Certolizumab

pegol 292 Intervention All HRQoL
outcomes 5   

UNITI I and II
[37] Ustekinumab 742 and 628 Intervention

All IBDQ outcomes 8

All PCS and MCS
outcomes 16

IM UNITI [37] Ustekinumab 1281 Intervention All HRQoL
outcomes 18   

ENCORE [38] Natalizumab 509 Intervention All HRQoL
outcomes 3   

ENACT 2 [39] Natalizumab 339 Intervention All HRQoL
outcomes 24    

FITZROY [41] Filgotinib 174 Intervention All HRQoL
outcomes 1

CELEST [42] Upadacitinib 220 Intervention All HRQoL
outcomes 20

Tofacitinib [43] Tofacitinib 280 Not reported All HRQoL
outcomes 8    

Sands et al. [44] Apilimod
mesylate 220 Not

significant
All HRQoL
outcomes 4   

D1: randomisation process, D2: deviations from the intended interventions, D3: missing outcome data, D4: measure-

ment of the outcome, D5: selection of the reported result. low risk, some concerns,  high risk.
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Figure 2. Risk of bias in the included study outcomes.

All studies used random allocation sequences except ACCENT I [33] and Sands et al. [44].
Their outcomes raised some concerns in domain 1, as the allocation sequence was concealed,
and the baseline characteristics were consistent with randomisation. All studies used the
intention to treat (ITT) or modified intention to treat (mITT) populations for analysis, except
ENCORE [38], ENACT-2 [39] and Tofacitinib [43], in which there was no information
available about the analysed population. Hence, their outcomes were rated as high risk
in domain 2. The outcomes of PRECiSE 1 [34] and PRECiSE 2 [35] (more withdrawals in
the placebo groups) and Targan et al. [32], ACCENT I [33], CHARM [40], IM UNITI [37],
ENACT-2 [39] and Sands et al. [44] (lack of information about the number of or reason for
withdrawals) were rated as high risk in domain 3. The major reason for withdrawal in
Rutgeerts et al. [36], UNITI I and II [37] and Filgotinib [41] was a lack of efficacy. However,
their outcomes showed some concerns, as the number of withdrawn participants was
balanced between the study groups. In UNITI I and II, [37] unlike the IBDQ outcomes
(which had low risk), PCS and MCS outcomes were rated as having some concerns due to
missing outcome data. The protocols of PRECiSE- 2 [35] and ENACT-2 [39] (in which there
were some concerns that results were selected), Targan et al. [32], CHARM [40], PRECISE
1 [34], Rutgeerts et al. [36] and Tofacitinib [43] (in which it was likely that results were
selected; high risk of bias) were not found. The IBDQ results were likely selected (high
risk) in ACCENT I [33], but selection was not suspected in PCS and MCS results (some
concerns). The full details of the RoB2 assessment can be found in Appendix B.

3.3. Effect of Interventions on HRQoL

The effect of interventions on HRQoL is summarised in Table 2 for the SONIC [31] study
and Table 3 for the placebo-controlled trials. The tables include the study ID/registration
number, intervention, dosage, results and conclusion.

Table 2. The summary of findings for the SONIC [31] study. Results of the SONIC trials. All values
are in means (SD).

Study Id and
Registration

Number

Intervention
and

Comparator

Dosage and
Frequency

Results for Intervention Azathioprine p Value Conclusion

SONIC [31]
NCT00094458

Infliximab
(IV)
and

azathioprine
(oral)

Infliximab
5mg/kg given

at week
2,4,6 and then
every 8 weeks

OR
azathioprine
2.5 mg/kg

Mean IBDQ at baseline 126.7 (30.3) 128 (29) -
Non-

inferiority trial
favoured

infliximab over
azathioprine in

improving
HRQoL.

Change at week 2 27.2 (26.1) 20.1 (24.3) 0.007
Change at week 6 34.8 (31.8) 28.3 (31.3) 0.10
Change at week 10 37.8 (35.6) 31.0 (31.7) 0.10
Change at week 18 39.9 (34.2) 30.3 (33.9) 0.01
Change at week 26 39.9 (36.6) 31.4 (35.4) 0.05

Change at week 32 * 55.8 (33.6) 39.1 (32.9) 0.001
Change at week 42 * 51.4 (32.8) 40.3 (32.1) 0.04
Change at week 50 * 51.6 (32.9) 43.0 (33.4) 0.09

* SONIC extension for maintenance therapy.
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3.3.1. Infliximab vs. Azathioprine

SONIC [31] compared infliximab with azathioprine. In the induction period, the dif-
ference in the mean change in the IBDQ total score in the infliximab group was significantly
higher than the azathioprine group at weeks 2, 18 and 26 (p < 0.05), but not at weeks 6 and
10 (p = 0.10). In the maintenance phase, the difference was statistically significant at weeks
34 and 42 but not at week 50 (p = 0.001, p = 0.04 and p = 0.09, respectively).

3.3.2. Infliximab vs. Placebo

Two studies, Targan et al. [32] and ACCENT I [33], compared infliximab with placebo.
Targan et al. [32] compared three groups using 5, 10 or 15 mg/kg infliximab induction

with a placebo. Patients had a statistically higher mean IBDQ score in all infliximab groups
at week 4 (p < 0.05, compared to placebo).

ACCENT 1 [33] examined the effect of two infliximab maintenance regimens, 5 mg/kg
or 10 mg/kg infliximab, following a 5 mg/kg three-dose induction and compared them
with a single dose of 5 mg/kg induction followed by a placebo. At week 10, the three-
dose group had a higher mean IBDQ score compared to the single-dose induction group
(p < 0.05). Higher IBDQ scores were maintained for both maintenance groups (5 mg/kg
and 10 mg/kg infliximab) at week 30 (p < 0.05 and p < 0.01) and week 50 (p < 0.05 and
p < 0.001), respectively, compared to the single-dose induction group. Up to week 14, all
treatment groups had an increase exceeding the MCID. Following week 14, the infliximab
maintenance groups maintained this increase, while it decreased to below 16 points in
the induction-only group. The PCS scores were significantly greater (p < 0.05) for both
maintenance groups at weeks 10, 30 and 52 compared to the single-dose induction group.
The difference in MCS scores was only significant at week 54, comparing the 10mg/kg
maintenance group with the single-dose group (p < 0.05).

3.3.3. Adalimumab vs. Placebo

The CHARM trial compared adalimumab maintenance, 40 mg every other week or
weekly, with adalimumab induction only (placebo maintenance) [40].

Following a significant increase of 44.3 points (p < 0.0001, week 4 vs. baseline) in the
mean IBDQ in the open-label induction phase, IBDQ scores continued to increase in the
adalimumab maintenance groups (approximately 5 points), while IBDQ scores deteriorated
in the induction-only group. There were statistically significant differences in the mean
IBDQ total scores at all visits after week 4 between adalimumab maintenance groups and
the induction-only group (p < 0.001 for adalimumab every other week and p < 0.05 for
adalimumab weekly). After a year of maintenance (at week 56), patients in the adalimumab
group had an IBDQ score of 18 points higher than those in the placebo group, a difference
that exceeded the MCID of 16 points.

The differences in PCS scores were statistically significant at all visits following week
4 in the adalimumab-every-other-week maintenance group compared to the induction-only
group (p < 0.05), while differences in the MCS were only significant at week 56 (p < 0.05).
In total, 77% of adalimumab-every-other-week patients achieved an MCID of ≥5 points in
the PCS compared to 61% in the induction-only group (p < 0.01). In the MCS, improvement
was achieved by 67% and 54% of adalimumab-every-other-week and placebo patients,
respectively (p < 0.05). Differences in the mean PCS and MCS between the adalimumab-
weekly group and the placebo group were not statistically significant.

3.3.4. Certolizumab Pegol vs. Placebo

Three studies compared certolizumab pegol and a placebo. One study [36,46] had four
arms comparing certolizumab (100 mg), certolizumab (200 mg) or certolizumab (400 mg)
with a placebo. The PRECiSE 1 study had two groups comparing 400 mg of certolizumab
with a placebo (administered at weeks 0, 2 and 4 and then every 4 weeks) [34]. In PRECiSE
2 [35,47], following an open-label induction of 400 mg of certolizumab at weeks 0, 2 and 4,
patients received either maintenance certolizumab (400 mg) or a placebo.
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Rutgeerts et al. and Schreiber et al. [36,46] reported statistically significant changes in
the mean IBDQ at all reported timepoints for the 400 mg group compared to the placebo
group, with the greatest change at week 10 (certolizumab pegol (400 mg): 32.2 points vs.
18.6 points for placebo; p ≤ 0.05). The 200 mg group had significant changes at weeks 2 and
4 compared to the placebo group (p ≤ 0.05), while changes in the 100 mg group were not
statistically significant. Differences in the mean IBDQ between the certolizumab pegol and
placebo arms were statistically significant at week 26 in both PRECiSE 1 and PRECiSE 2
(p = 0.03 and p < 0.001, respectively). PRECiSE 2 also reported significant differences in the
IBDQ means at week 16 (p = 0.008). The percentages of patients achieving an MCID in the
IBDQ at week 26 were significantly greater in the certolizumab groups in both PRECiSE
1 and 2 (p = 0.01 and p < 0.001, respectively) compared to the placebo groups.

Only PRECiSE 2 used the SF-36 tool for the estimation of HRQoL. Patients in the
certolizumab group showed statistically significant (p < 0.05) differences at week 26 in the
mean change and proportion achieving an MCID compared to the placebo group.

3.3.5. Ustekinumab vs. Placebo

The UNITI trials compared ustekinumab and a placebo [37,48]. UNITI I and UNITI
II induction studies compared a single intravenous infusion of 130 mg of ustekinumab or
6 mg/kg ustekinumab to a placebo. Patients had an inadequate response or intolerance
to tumour necrosis factor (TNF) antagonists (UNITI I) or conventional therapy (UNITI
II). Patients with a clinical response were re-randomised to maintenance therapy with
subcutaneous ustekinumab (90 mg) every 12 weeks (q12w) or every 8 weeks (q8w) for
44 weeks and compared to the placebo in IM UNITI.

In both induction studies, the mean change and proportion of patients achieving an
MCID in the IBDQ total score in both ustekinumab groups were statistically significant
at week 8 compared to the placebo groups (p < 0.05). In the maintenance study at week
20, the mean decrease from the maintenance baseline was significantly less in the q12w
group but not in the q8w group compared to the placebo group (p = 0.035 and p = 0.183,
respectively). The mean decrease at week 44 was significantly less in both ustekinumab
maintenance groups (p < 0.001 and p = 0.003, q12w and q8w compared to the placebo group,
respectively). A significantly greater proportion of patients achieved MCIDs in the IBDQ
in the ustekinumab (q8w) but not the ustekinumab (q12w) group (p = 0.014 and p = 0.140,
respectively, compared to the placebo group).

In UNITI II, the mean change from baseline in the PCS and MCS scores was significant
for both ustekinumab doses at week 8 compared to the placebo dose (p < 0.05). In UNITI I,
the only significant change at week 8 in the mean score was in the MCS of the ustekinumab
6 mg/kg group compared to the placebo group (p = 0.006). The same pattern was seen in
MCID proportions, significant (p < 0.05) in UNITI II for the MCS and PCS in both doses but
only significant in the MCS for the 6 mg/kg group in UNITI I.

In the maintenance study at week 44, the mean decrease in the PCS and MCS from
the maintenance baseline was significantly less in the ustekinumab (q8w) group compared
to the placebo group (p < 0.01), while it was only significantly less in the MCS in the
ustekinumab (q12w) group compared to the placebo group (p < 0.05). Changes in the
means of MCS and PCS were not significant at week 20 for both groups. Both groups had
significantly (p < 0.05) higher proportions of patients with MCID improvements at week
44 in the PCS and MCS, except for the PCS in the q12w group.

3.3.6. Natalizumab vs. Placebo

Two studies compared natalizumab and a placebo. The ENCORE trial compared
natalizumab as induction therapy to a placebo [38,49]. The ENACT-2 trial compared main-
tenance natalizumab with a placebo in patients who responded to natalizumab induction
in ENACT-1 [39].

73



J. Clin. Med. 2022, 11, 3743

Induction treatment with natalizumab in the ENCORE trial showed a statistically
significant (p < 0.001) increase in the mean IBDQ total score and the mean PCS score
(compared to the placebo) but not in the MCS (p = 0.052).

Maintenance natalizumab in ENACT-2 maintained increases in the mean IBDQ total
score, PCS and MCS scores achieved from the induction therapy in ENACT-1. The decrease
from the change achieved in week 12 (randomisation of ENACT-2) was significantly less in
the natalizumab group compared to the placebo group (p < 0.01) for all subsequent weeks
in the IBDQ total score and PCS. MCS scores were not significant at weeks 24 and 36 but
reached significance at weeks 48 and 60 (p < 0.01 and p < 0.001, respectively, compared to
the placebo). The proportion of patients with MCIDs was significantly greater at weeks
36, 48 and 60 in the IBDQ and MCS and at all weeks in the PCS in the natalizumab group
(p < 0.05, compared to the placebo).

3.3.7. Filgotinib vs. Placebo

The FITZROY study compared oral filgotinib to a placebo [41]. There was a 16-point
difference favouring the filgotinib group compared to the placebo in the mean change from
baseline of the IBDQ total score. This difference was statistically significant (p = 0.0046) and
clinically meaningful.

3.3.8. Upadacitinib vs. Placebo

The CELEST study compared five doses of oral upadacitinib (3 mg, 6 mg, 12 mg or
24 mg twice daily or 24 mg once daily) with a placebo as induction therapy [42,50]. Changes
in the mean IBDQ total score at weeks 8 and 16 were only statistically significant in the
6 mg and 24 mg twice-daily groups (p ≤ 0.05, compared to the placebo). A significantly
greater proportion of patients achieved clinically meaningful improvement in the IBDQ in
all upadacitinib groups at week 16 and only the 6 mg twice-daily group at week 8 (p ≤ 0.05,
compared to placebo).

3.3.9. Tofacitinib vs. Placebo

One study compared three doses of tofacitinib (5 mg, 10 mg or 15 mg twice daily) with
a placebo [43]. The 15 mg arm was closed early after the enrolment of only 16 participants.
Therefore, this arm was not included in the efficacy analysis. Statistical significance was
not calculated for HRQoL outcomes, and thus we could not determine the implications of
the clinical evidence.

3.3.10. Apilimod Mesylate vs. Placebo

Sands et al. compared two doses of apilimod mesylate (50 mg and 100 mg daily) as
induction therapy with a placebo [44]. No statistically significant differences were found
between either of the apilimod groups and the placebo at both time points (p > 0.3).

4. Discussion

The overarching goal of treatment for moderate to severe CD using biological agents
and small-molecule drugs is the achievement of clinical remission and the arrestment or
stabilisation of chronic intestinal inflammation. Our systematic review reported evidence-
based clinical data from 16 RCTs and endorsed a superior role of biological agents and
small-molecule drugs in improving the HRQoL outcomes in patients with CD. Out of
the 16 studies identified in this systematic review, 15 studies compared their investigated
interventions to a placebo. Only SONIC compared its intervention (infliximab) to another
active drug (azathioprine) and favoured the intervention in the induction phase [31].
Excluding the SONIC study (as it had a different comparator) and one study [43], which
did not report the statistical significance. A total of 8/14 studies used the intervention
as induction therapy. In contrast, the remaining six RCTs studied maintenance therapy.
All studies reported a significant difference in the mean change in the total IBDQ score,
favouring the intervention group by the end of the study in at least one dose group, except
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for Sands et al. [44], who did not report a statistically significant difference. Essentially,
three out of eight induction studies and five out of six maintenance studies reported mean
changes in the PCS and MCS. Of the induction studies, two out of three studies showed a
significant difference in the mean change in the PCS and MCS favouring the intervention
group, while all maintenance studies had a significantly greater change in the mean PCS
and MCS in their intervention groups.

In our systematic review, two induction and four maintenance studies reported the
proportion of patients achieving MCIDs in the IBDQ, and all reported significantly higher
proportions in the intervention groups. The only induction studies that reported MCIDs in
the PCS and MCS were UNITI I and UNITI II. UNITI I had a significantly higher proportion
of patients with MCIDs in the MCS, while UNITI II had a higher proportion in both the
MCS and PCS [37]. Furthermore, two out of six maintenance studies reported MCIDs in the
PCS and MCS. Both studies had significant findings in favour of the intervention group.

In the systematic review conducted by Vogelaar et al., the researchers found that
biologics (infliximab, adalimumab, certolizumab and natalizumab) improved HRQoL [19].
Comparably, the findings of our systematic review are in corroboration with Vogelaar et al.
and showed significant improvements in HRQoL using other biologics (ustekinumab) and
small-molecule drugs (upadacitinib and filgotinib). A Cochrane review of biologics in
ulcerative colitis (another form of inflammatory bowel disease) found that infliximab and
adalimumab significantly improved HRQoL [45]. This review argued that the studies on
CD have also shown significant improvement in HRQoL. Another systematic review has
reported that adalimumab improved fatigue, an aspect of HRQoL [51].

Our systematic review could not measure all of the relevant HRQoL outcomes, includ-
ing the proportion of patients achieving MCIDs. Due to the missing data and inconsistency
in the results from the analysed studies, appropriate statistical analyses could not be used.
Some interventions showed inconsistencies in the improvement between physical and
mental aspects of HRQoL. Lastly, most studies did not report both co-primary outcomes
in both the IBDQ and SF-36 PCS and MCS summary scales. Despite these shortcomings,
this systematic review diligently provided valuable data from RCTs which scientifically
proves the efficacy of biological agents and small-molecule drugs in improving the HRQoL
outcomes in patients with moderate to severe CD.

5. Limitations

There are some limitations to this review. The search strategy was conducted on two
databases and only on English-language articles. Several studies that may have affected
the results of this review were excluded because they did not report the targeted outcomes,
or they were ongoing studies, including a trial for vedolizumab (a common biologic in
current use). Effect measures were not calculated, nor were statistical analyses, including a
meta-analysis conducted. Thus, the overall effect was not calculated. Owing to inconsistent
clinical data from some of the selected studies, the possibility of unintentional research
bias cannot be excluded. Nevertheless, during the systematic review process, for the
accuracy and verification of results, the researchers arranged periodic meetings for mutual
discussions, data cross-verifications and consensuses.

6. Conclusions

The cutting-edge advancements in drug research and biotechnology have introduced
novel biologics and small-molecule drugs for the treatment of CD. Our systematic review
demonstrated clear evidence of the efficacy of biological agents and small-molecule drugs
in improving HRQoL outcomes in patients with moderate to severe CD. Due to the paucity
of the comparative analysis of biologics and small-molecule drugs with other agents in
the published literature, this study may potentially guide physicians in positioning and
relocating drugs in management algorithms for patients with CD.

75



J. Clin. Med. 2022, 11, 3743

Supplementary Materials: The following supporting information can be downloaded at: https:
//drive.google.com/drive/folders/1IIraGwQGod8JjCyno07Rz-SdqUTthrtP?usp=sharing, Appendix
B: Quality assessment instrument, Appendix C: Data extraction file, Appendix D: PRISMA checklist.

Author Contributions: H.A. and M.A. jointly developed the protocol and the search strategy of this
review. The same authors independently screened the references and extracted the data. Both authors
synthesised the data and wrote the report collaboratively. S.S.G. supervised the review from start to
finish and supported H.A. and M.A. through training, advice and encouragement. S.Y.G. reviewed the
raw and final data, edited the final draft of the article and cross-verified all files to ensure consistency
and scientific rigor. All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by the Royal College of Surgeons in Ireland—Bahrain.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: We would like to thank Bindhu Nair for her support in developing the
search strategy.

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

Appendix A

A literature search, designed in conjunction with a senior librarian, was used on
the following databases: PubMed and Cochrane Central Register of Controlled Trials
(CENTRAL). A manual search of reference lists of relevant studies was also conducted
for papers that met the inclusion criteria. No limits were set regarding language or date
restrictions. We did not to search grey literature, and we did not contact study investigators.
The aim of this systematic review was to evaluate the effect of currently approved and
promising in-development biological agents and small-molecule agents in improving
HRQOL in individuals with moderate to severe Crohn’s disease. To answer this question,
our search strategy was developed to find publications that are randomised controlled
trials reporting on elements of our PICO. We used Boolean operators to combine the terms
in Table A1 (both in the title/abstract field and using MeSH terms where applicable). In
terms of narrowing our search to randomised control trails, no addition to the CENTRAL
search strategy was needed, as it has a separate section for trails. For our PubMed search,
with the AND operator, we added a search strategy suggested by the Cochrane handbook
that is highly sensitive for identifying randomised controlled trials [23]. Our search was
limited to only two databases, in reference to Cochrane guidance [52].

Table A1. Table of keywords used.

Population
Crohn Disease
Crohn *

Intervention/Control

• Infliximab
• Adalimumab
• Certolizumab pegol
• Ustekinumab
• Vedolizumab
• Natalizumab
• Etrolizumab
• Abrilumab
• Risankizumab
• Mirikizumab
• Brazikumab
• Guselkumab
• Spesolimab
• Filgotinib
• Upadacitinib
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Table A1. Cont.

Population
Crohn Disease
Crohn *

• TD-1473
• Deucravacitinib
• Ontamalimab
• Ozanimod
• Etrasimod
• Anti-tnf
• Il-23
• Il-12
• Anti α4-integrin
• JAK
• Sphingosine 1-phosphate

Outcome

Quality of life
“Health related quality of life”
HRQOLQoLIBDQ
“Inflammatory bowel disease questionnaire”
SF-36
“36-item Short-Form Health Survey”

Appendix A.1. PubMed (n = 306) 25 January 2022

(“crohn*”[Title/Abstract] OR “Crohn Disease”[MeSH Terms]) AND (“GLPG0634”[Su-
pplementary Concept] OR “upadacitinib”[Supplementary Concept] OR “Janus Kinase In-
hibitors”[Pharmacological Action] OR “td 1473”[Supplementary Concept] OR “deucravaci-
tinib”[Supplementary Concept] OR “ontamalimab”[Supplementary Concept] OR “ozani-
mod”[Supplementary Concept] OR “etrasimod”[Supplementary Concept] OR “spesolim-
ab”[Supplementary Concept] OR (“Infliximab”[MeSH Terms] OR “Tumor Necrosis Factor-
alpha”[MeSH Terms] OR (“Adalimumab”[MeSH Terms] OR “adalimumab biosimilar
HS016”[Supplementary Concept]) OR “Certolizumab Pegol”[MeSH Terms] OR “antibodies,
monoclonal”[MeSH Terms] OR “Ustekinumab”[MeSH Terms] OR “vedolizumab”[Suppl-
ementary Concept] OR “Natalizumab”[MeSH Terms] OR “Integrin alpha4”[MeSH Terms]
OR “etrolizumab”[Supplementary Concept] OR “abrilumab”[Supplementary Concept]
OR “risankizumab”[Supplementary Concept] OR “mirikizumab”[Supplementary Con-
cept] OR “guselkumab”[Supplementary Concept]) OR (“jak inhibitor”[Title/Abstract] OR
“anti alpha4”[Title/Abstract] OR “sphingosine 1 phosphate”[Title/Abstract] OR “etrasi-
mod”[Title/Abstract] OR “ozanimod”[Title/Abstract] OR “ontamalimab”[Title/Abstract]
OR “deucravacitinib”[Title/Abstract] OR “td 1473”[Title/Abstract] OR “upadacitinib”[Title
/Abstract] OR “Filgotinib”[Title/Abstract] OR “spesolimab”[Title/Abstract] OR “guselku-
mab”[Title/Abstract] OR “brazikumab”[Title/Abstract] OR “mirikizumab”[Title/Abstract]
OR “risankizumab”[Title/Abstract] OR “abrilumab”[Title/Abstract] OR “etrolizum-
ab”[Title/Abstract] OR “Natalizumab”[Title/Abstract] OR “vedolizumab”[Title/Abstract]
OR “Ustekinumab”[Title/Abstract] OR “Certolizumab Pegol”[Title/Abstract] OR “Adali-
mumab”[Title/Abstract] OR “Infliximab”[Title/Abstract]) OR “tnf-alpha inhibitor”[Title/
Abstract] OR (“interleukin 23”[MeSH Terms] OR “interleukin 23 subunit p19”[MeSH Terms]
OR “Interleukin-12 Subunit p40”[MeSH Terms]) OR “Infliximab-qbtx”[Title/Abstract]) AND
(“36-item Short-Form Health Survey”[Title/Abstract] OR “SF-36”[Title/Abstract] OR “Inflam-
matory bowel disease questionnaire”[Title/Abstract] OR “IBDQ”[Title/Abstract] OR “Health
related quality of life”[Title/Abstract] OR “HRQoL”[Title/Abstract] OR “QoL”[Title/Abs-
tract] OR “Quality of Life”[MeSH Terms] OR “Quality of Life”[Title/Abstract] OR “SF-
36V2”[Title/Abstract]) AND ((“trial”[Title/Abstract] OR “randomized controlled trial”[Pu-
blication Type] OR “controlled clinical trial”[Publication Type] OR “randomized”[Title/
Abstract] OR “placebo”[Title/Abstract] OR “drug therapy”[MeSH Subheading] OR “ran-
domly”[Title/Abstract] OR “groups”[Title/Abstract]) NOT (“animals”[MeSH Terms] NOT
“humans”[MeSH Terms]))
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Appendix A.2. CENTRAL
Date Run: 25 January 2022 04:24:08
Comment:
ID Search Hits
#1 MeSH descriptor: [Crohn Disease] explode all trees 1700
#2 (crohn*):ti,ab,kw 5202
#3 (“36-item Short-Form Health Survey”):ti,ab,kw 1418
#4 (“SF-36”):ti,ab,kw 11,356
#5 (“SF-36v2”):ti,ab,kw 447
#6 (“SF-36 v2”):ti,ab,kw 93
#7 (“Inflammatory bowel disease questionnaire”):ti,ab,kw 424
#8 (“IBDQ”):ti,ab,kw 550
#9 (“Health related quality of life”):ti,ab,kw 18,967
#10 (“HRQoL”):ti,ab,kw 6295
#11 (“QoL”):ti,ab,kw 22,738
#12 (“Quality of Life”):ti,ab,kw 124,127
#13 MeSH descriptor: [Quality of Life] explode all trees 27,298
#14 #1 OR #2 5202
#15 #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 131,938
#16 MeSH descriptor: [Janus Kinase Inhibitors] explode all trees 76
#17 MeSH descriptor: [Infliximab] explode all trees 776
#18 MeSH descriptor: [Tumor Necrosis Factor-alpha] explode all trees 3196
#19 MeSH descriptor: [Adalimumab] explode all trees 820
#20 MeSH descriptor: [Certolizumab Pegol] explode all trees 184
#21 MeSH descriptor: [Antibodies, Monoclonal] explode all trees 14,870
#22 MeSH descriptor: [Ustekinumab] explode all trees 227
#23 MeSH descriptor: [Natalizumab] explode all trees 90
#24 MeSH descriptor: [Integrin alpha4] explode all trees 25
#25 (“jak inhibitor”):ti,ab,kw 437
#26 (“anti alpha4”):ti,ab,kw 4
#27 (“sphingosine 1 phosphate”):ti,ab,kw 307
#28 (“etrasimod”):ti,ab,kw 53
#29 (“ozanimod”):ti,ab,kw 125
#30 (“ontamalimab”):ti,ab,kw 5
#31 (“deucravacitinib”):ti,ab,kw 11
#32 (“td 1473”):ti,ab,kw 14
#33 (“upadacitinib”):ti,ab,kw 423
#34 (“Filgotinib”):ti,ab,kw 242
#35 (“spesolimab”):ti,ab,kw 10
#36 (“guselkumab”):ti,ab,kw 369
#37 (“brazikumab”):ti,ab,kw 10
#38 (“mirikizumab”):ti,ab,kw 100
#39 (“risankizumab”):ti,ab,kw 159
#40 (“abrilumab”):ti,ab,kw 7
#41 (“etrolizumab”):ti,ab,kw 61
#42 (“Natalizumab”):ti,ab,kw 433
#43 (“vedolizumab”):ti,ab,kw 460
#44 (“Ustekinumab”):ti,ab,kw 981
#45 (“Certolizumab Pegol”):ti,ab,kw 667
#46 (“Adalimumab”):ti,ab,kw 3532
#47 (“Infliximab”):ti,ab,kw 2501
#48 (“tnf-alpha inhibitor”):ti,ab,kw 55
#49 MeSH descriptor: [Interleukin-23] explode all trees 100
#50 MeSH descriptor: [Interleukin-23 Subunit p19] explode all trees 21
#51 MeSH descriptor: [Interleukin-12 Subunit p40] explode all trees 19
#52 (“Infliximab-qbtx”):ti,ab,kw 0
#53 #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR

#26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR
#36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR
#46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52

24,764

#54 #14 AND #15 AND #53 312
(303 trials)
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Abstract: Gastric cancer is the second leading cause of cancer incidence in Japan, although gastric
cancer mortality has decreased over the past few decades. This decrease is attributed to a decline in
the prevalence of H. pylori infection. Radiographic examination has long been performed as the only
method of gastric screening with evidence of reduction in mortality in the past. The revised 2014
Japanese Guidelines for Gastric Cancer Screening approved gastric endoscopy for use in population-
based screening, together with radiography. While endoscopic gastric cancer screening has begun,
there are some problems associated with its implementation, including endoscopic capacity, equal
access, and cost-effectiveness. As H. pylori infection and atrophic gastritis are well-known risk factors
for gastric cancer, a different screening method might be considered, depending on its association
with the individual’s background and gastric cancer risk. In this review, we summarize the current
status and problems of gastric cancer screening in Japan. We also introduce and discuss the results of
gastric cancer screening using H. pylori infection status in Hoki-cho, Tottori prefecture. Further, we
review risk stratification as a system for improving gastric cancer screening in the future.

Keywords: gastric cancer; gastric cancer screening; endoscopy; H. pylori; eradication therapy

1. Introduction

Gastric cancer is the fifth most common cancer and the fourth leading cause of cancer-
related deaths worldwide [1]. Helicobacter pylori (H. pylori) infection is considered the main
cause of gastric cancer [2,3]. In Japan, the adjusted incidence and mortality rates of gastric
cancer have decreased over the past few decades [4]. This decrease is mainly attributed
to the reduction in H. pylori infection rates and the preventative effects of the H. pylori
eradication therapy [5–10]. Despite this reduction, the number of gastric cancer cases ranks
second and the number of deaths caused by gastric cancer ranks third in Japan [11], making
it a critical public health problem.

In Japan, radiographic examination has been conducted since the 1960s as a secondary
preventive measure for gastric cancer [12]. The revised 2014 Japanese Guidelines for Gastric
Cancer Screening approved gastric endoscopy for use in population-based screening,
together with radiography [13]. Currently, the government of Japan recommends either
radiography or gastroscopic examination for gastric cancer screening [14]. However, there
are some barriers, such as participation rate, endoscopic capacity, equal access, and cost-
effectiveness [15–18].

Over 99% of gastric cancers in Japan are predisposed by a current or past H. pylori infec-
tion [19,20]. Furthermore, the background of gastric cancer risk has changed compared to the
past due to the rapid decrease in the infection rate of H. pylori [5–10]. It has become necessary
for efficient gastric cancer screening to classify patients as H. pylori-infected [8,21,22].

In recent years, image-enhanced endoscopy (IEE) [23], as well as artificial intelligence
(AI), have been introduced in endoscopic diagnostics [24–26]. In this review, the present
status and problems of gastric cancer screening in Japan are summarized. We present
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the results of gastric cancer screening using H. pylori infection status in Hoki-cho, Tottori
prefecture. Further, we introduce risk stratification as a system for improving gastric cancer
screening in the future.

2. Gastric Cancer in Japan

2.1. Epidemiology of Gastric Cancer

In Japan, gastric cancer accounted for almost half of all cancer deaths in the 1960s,
but the proportion continues to decline. According to the 2021 cancer statistics forecast of
the National Cancer Center Cancer-Information Service, “Cancer Registration and Statis-
tics”, gastric cancer ranked third in the number of deaths after lung cancer and colorectal
cancer. The total number of cancer deaths was 11.1% (42,000 people) [11]. The number
of gastric cancer deaths has remained at 50,000 per year for the past few decades, and
since 2011, it has been declining. However, more than 40,000 people lose their lives to
stomach cancer every year. Gastric cancer has the second highest incidence rate at 12.9%
(130,500 people), following colorectal cancer. As for the annual transition of gastric cancer,
the age-standardized incidence and mortality are steadily decreasing, the number of cases
is increasing, and the number of deaths tends to plateau due to an increase in the incidence
and deaths caused by gastric cancer in the elderly population.

2.2. H. pylori and Gastric Cancer

The International Agency for Research on Cancer designated H. pylori as a clear
gastric cancer carcinogenic factor (group 1) in 1994 [27] and recommended prevention by
eradication in 2014 [28]. The presence of H. pylori infection is determined by histologic
examination, the rapid urease test, serum antibody test, stool antigen test, or 13C-urea
breath test. The effectiveness of the eradication treatment on gastric cancer prevention has
been shown in a randomized controlled trial [29], and this primary preventive effect of the
eradication of gastric cancer has been reported in recent meta-analyses [30–32]. Eradication
of H. pylori reduces the risk of gastric cancer and mortality [33–36], but the risk still remains
in the second decade after eradication [37]. Moreover, the pathogenicity and carcinogenicity
of H. pylori depend on its strain. The East Asian type of H. pylori, which is popular in Japan,
is more carcinogenic than the European-type H. pylori [38,39]. In addition, the presence of
H. pylori with a positive babA2 gene may contribute to an increased risk of GC, especially in
the Asian population [39,40]. In Japan, the eradication treatment for gastric and duodenal
ulcers was covered by the National Health Insurance in 2000, and H. pylori-infected gastritis
was added as an indication in 2013 [41]. According to recent reports in Japan, the risk of
cumulative incidence of gastric cancer was 17.0% in men and 7.7% in women in the H. pylori-
infected population, and <1% in the non-infected population [42]. More than 99% of gastric
cancers in Japan are associated with H. pylori-infection gastritis [19,20]. Histopathological
diagnosis of gastric cancer is performed according to the Japanese Classification of Gastric
Carcinoma and the Vienna classification system [43,44]. Although gastric cancer that
is not associated with H. pylori infection is extremely rare, gastric is cancer associated
with autoimmune gastritis, gastric cancer due to CDH1 gene mutation, fundic gland-type
cancer, signet ring cell carcinoma, and cardia cancer are known [45]. Cardia cancer is
often discovered at an advanced stage; thus, particular attention should be paid to it [46].
Moreover, the main risk factors of cardia cancer, which include gastroesophageal reflux
disease and obesity, are different from those of gastric cancer associated with H. pylori [47].

As mentioned above, in Japan, the age-standardized incidence and mortality rate of
gastric cancer has decreased over the past few decades due to a decrease in the incidence of
H. pylori infection [4–15]. H. pylori infection rates in the 1960s, 1970s, and 1980s or later were
30%, 20%, and <10%, respectively [7]. A meta-analysis of the Japanese population shows
that H. pylori infection rate is high in patients born in the 1940s; however, the infection
rate decreased in patients who were born later, in the 1950s [9]. Although the morbidity
rate of gastric cancer has continued to decrease due to the reduced H. pylori infection rates
and the preventative effect of the H. pylori eradication therapy, the prevalence of H. pylori
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eradication has increased remarkably in recent years [8]. In the midst of dynamic changes
in the incidence of H. pylori infection, it is considered to be important to pay attention to
the high-risk groups in gastric cancer screening.

3. Gastric Cancer Screening Methods Used in Japan

3.1. Current Status and Problems of Upper Gastrointestinal Series

Annual radiographic screening for everyone >40 years of age in Japan was imple-
mented in the 1960s as a secondary preventive measure for gastric cancer [12,14]. Gastric
cancer screening using radiographic examination has proven to reduce mortality. It has an
excellent mass-processing ability, and good accuracy, and is safe and cost-effective [48,49].
Furthermore, in recent case-control studies in Japan and South Korea, the effect of ra-
diographic screening on mortality reduction was limited [50,51]. The Japan Society of
Gastroenterological Cancer Screening formulated a revised version of the new gastric
radiography guidelines (2011) [52]. The ability to view lesions by gastric radiographic
examination has been greatly improved with the use of high-concentration, low-viscosity
barium preparations and the advent of digital X-ray devices. Consequently, the rate of early
detection of gastric cancer has exceeded 70% [53]. In addition, gastric cancer screening
has been performed using imaging and AI to detect H. pylori-infected gastritis and gastric
mucosal atrophy [54]. However, due to aging and immobilization of patients, radiation
exposure, and lack of reading physicians and aging facilities, the rate of participation has
been sluggish. Although endoscopic examinations have been approved by the revised
2014 Japanese Guidelines for Gastric Cancer Screening [13], it is impossible to replace all
conventional radiography with endoscopic examinations due to problems relating to the
capacity of endoscopy, budget, and access to examinees [14,15]. In population-based gastric
cancer screening, it will be necessary to continue to utilize radiographic examinations with
high processing capacity as a safety net.

3.2. Current Status and Problems of Upper Gastrointestinal Endoscopy

Radiographic examination is a screening method limited to Japan, but there is a
growing international interest in endoscopic screening [55]. In Korea, in response to
the results of domestic research, gastric cancer screening has been limited to endoscopic
examinations [55,56].

In 2013, a case-control study was conducted in Japan and Korea. The research con-
ducted in Japan involved a study on the population of Goto Islands in Nagasaki Prefec-
ture [57] and a study on the population of Tottori Prefecture and Niigata City [58]. Although
the sample size is small in the Nagasaki study, the mortality rate of gastric cancer was
significantly decreased by 79% in participants of endoscopic screening (odds ratio [OR]:
0.206, 95% confidence interval [CI]: 0.044–0.965) [57]. In 2013, a case-control study that was
conducted in Niigata City and four cities in Tottori Prefecture reported that the mortality
rate was significantly lower by approximately 30% in people who underwent endoscopy
36 months before the date of gastric cancer diagnosis (OR: 0.695, 95% CI: 0.489–0.986) [58].
The studies that were conducted in Korea were large-scale research based on national
databases. When the gastroscopic examination was performed even once in the past, the
effect of reducing the gastric cancer mortality rate was confirmed to be 47% in individ-
uals aged 40–74 years old (OR: 0.53, 95% CI: 0.51–0.56) [56]. Based on these results, a
gastroscopy was recommended as a population-based screening method according to the
revised 2014 Japanese Guidelines for Gastric Cancer Screening [13]. At the same time, it has
changed from once a year for individuals aged > 40 to once every 2 years for individuals
aged > 50 years, reflecting the recent decline in gastric cancer mortality by age group. In
2015, a study of Tottori Prefecture showed that endoscopic screening reduced the gastric
cancer mortality rate by 67% compared with radiographic screening [50]. Zhang et al.
conducted a meta-analysis that included 342,013 individuals in the six-cohorts and four-
case-control studies that were previously published. This analysis demonstrated that
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endoscopic examination showed a 40% reduction in gastric cancer mortality rate (relative
risk: 0.60, 95% CI: 0.49–0.73) [59].

According to reports from the area where endoscopic examinations were introduced, the
gastric cancer detection rate was 0.05–0.32% for gastric X-ray examination and 0.30–0.87% for
gastroscopic examinations [8,60]. Further, the gastric cancer detection rate of endoscopy
was reported to have been approximately three times higher than that of X-ray examination.
In Japanese studies, the proportion of early-stage cancer was approximately 70% in the
radiographic screening group and >80% in the endoscopic screening group. Similarly,
Hosokawa et al. previously reported that the detection rate of early cancer was higher in
the endoscopic screening group than in the radiographic screening group [61]. However,
the effectiveness of gastric cancer screening should be evaluated by the mortality reduction,
and not by the detection rate.

Endoscopy can diagnose early-stage cancers that can be treated by endoscopic surgical
dissection. Endoscopic surgical dissection has been performed for approximately half
of early-stage cancers detected by endoscopic screening [62]. It seems to contribute to
the maintenance of the quality of life after treatment. Moreover, recent development and
widespread use of IEE and magnifying endoscopy have improved the endoscopic diagnosis
of gastric cancer [23]. IEE is useful for diagnosing gastric cancer after eradication, which is
usually difficult to detect [63]. In a recent study, we showed that photodynamic endoscopic
diagnosis—based on the fluorescence of photosensitizers that accumulate in tumors—may
be useful in the diagnosis of early gastric cancer regardless of the endoscopist’s experience
and is useful for tumor detection; however, its usefulness has not been established because
no prospective studies evaluating its usefulness have been performed [64].

As the participation rate in gastric cancer screening has decreased, its impact on mortal-
ity reduction has become limited. Although the participation rate in radiographic screening
for gastric cancer has sunk below 10% [65], it is possible to improve the participation rate
by introducing endoscopic screening as a method of gastric cancer screening. Notably,
the participation rate is approximately 25% in municipalities that have already undergone
endoscopic screening [66,67]. Thus, endoscopy is now the first choice for gastrointestinal
tract examination instead of X-ray examination.

4. Risk Stratification for Gastric Cancer Screening

4.1. Risk Factors for Gastric Cancer

Risk factors for gastric cancer include H. pylori infection and accompanying gastric
mucosal atrophy, smoking, and hereditary diseases, such as Lynch syndrome and familial
adenomatous coli [23]. In addition, diet, lifestyle preferences, and Epstein-Barr virus
infection have been reported as possible risk factors. Recently, it has been reported that
approximately one-fifth of diffuse-type gastric cancers in Japan were attributable to the
combination of alcohol intake and defective ALDH2 allele or CDH1 variants [68]. The most
important method of obtaining information about these risk factors before endoscopic
screening is a medical questionnaire. In addition, during the endoscopic examination,
individuals can be stratified by gastric cancer risk based on H. pylori infection status and
relevant findings suggestive of gastric cancer risk, as described in the endoscopy-based
Kyoto classification of gastritis [69–71]. Endoscopic findings related to the risk of gastric
cancer include moderate-to-severe gastric atrophy, enlarged gastric folds, nodular gastritis,
xanthoma [72,73], and map-like redness [70]. As a result of examining the accuracy of
H. pylori infection diagnosis by the “Kyoto classification of gastritis”, the sensitivity and
specificity of detecting uninfected, existing infection, and current infection were 88.3% and
92.9%, 78.8% and 90.0%, and 67.1% and 91.4%, respectively. Moreover, risk classification
by endoscopic examination was confirmed to have very high accuracy. However, to avoid
false-negative results, an H. pylori antibody test was recommended [74].
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4.2. Tests Used for Risk Stratification

According to the 2019 Basic Survey on National Life, 54.2% of men and 45.1% of
women aged 40–69 years had undergone gastric cancer screening [75], approaching the
target value of 50% of the 3rd Basic Plan for Cancer Countermeasures in Japan. However,
in recent years, the number of H. pylori-negative people has increased, and the gastric
cancer-adjusted mortality rate has naturally decreased [5–11]; following this, there has been
a problem with cost-effectiveness in the strategy of simply increasing the participation rate.
In the future, it may be necessary to stratify individuals according to gastric cancer risk
by determining risk factors—such as a history of H. pylori infection and gastric mucosal
atrophy—and reflect them in the selection of endoscopy and the determination of the
screening interval.

The “ABC method”, a combined assay for serum anti-H. pylori IgG antibody and serum
pepsinogen (PG) levels, is generally used in Japan as a gastric cancer risk classification
system [76]. Itoh et al. reported a strong correlation between the ABC classification system
and radiological findings in relation to the risk of gastric cancer [77]. However, the revised
2014 Japanese Guidelines for Gastric Cancer Screening do not recommend this method due
to insufficient scientific evidence regarding its effectiveness in gastric cancer screening [13].
The risk of gastric cancer can be stratified based on factors, such as the presence of H. pylori
infection and the extent and severity of gastric atrophy. The serum anti-H. pylori IgG
antibody titer can predict an individual’s H. pylori infection status, whereas its titers vary
greatly depending on the test kit used.Serum PG levels reflect the status of gastric mucosal
inflammation and serve as a marker for atrophic gastritis. Individuals with PG I levels
of ≤70 ng/ml and PG I/II ratio of <3 are classified as PG test positive, and people with
a history of H. pylori eradication, treatment of proton pump inhibitors, previous gastric
resection and impairment of renal function are excluded to ensure correct stratification. This
method classifies individuals into the following four groups according to their serological
status: (1) group A, anti-H. pylori IgG antibody (−)PG (−); (2) group B, anti-H. pylori IgG
antibody (+)/PG (−); (3) group C, anti-H. pylori IgG antibody (+)/PG (+); and (4) group
D, anti-H. pylori IgG antibody (−)/PG (+), which also included those with autoimmune
gastritis (type A gastritis) [76]. Notably, a meta-analysis conducted by Terasawa et al.
demonstrated that groups A, B, and C + D were significantly different in their respective
gastric cancer risk [78]; thus, this stratification is expected to serve as a mass screening
system for this disease.

As the development of gastric cancer in patients not infected with H. pylori is extremely
rare in Japan, it may be expected that the H. pylori-uninfected population could be excluded
from the mass screening system for gastric cancer. However, group A included patients
with a high risk of developing gastric cancer and could not be regarded as truly H. pylori-
negative [79,80]. The presence of H. pylori-infected individuals in group A is a crucial
problem because the individuals are wrongly considered to have an extremely low risk for
gastric cancer, similar to healthy, H. pylori-uninfected individuals. The endoscopic grade of
atrophy is an accurate predictive marker for gastric cancer [81,82]. To exclude individuals
who are truly H. pylori-negative, an endoscopic evaluation of the gastric mucosa should be
performed [83,84]. It is inefficient to perform endoscopy in all patients as this is expensive
and requires high manpower of endoscopists.

According to a report by the Kanazawa City Medical Association [84], gastric cancer
may develop at an annual rate of 0.31% in a state with advanced atrophy (O-3) classified
by Kimura and Takemoto [85], and it is possible to stratify the risk of gastric cancer using
endoscopic diagnosis. Therefore, endoscopic diagnosis of atrophy may be more effective
than the ABC classification system for predicting the risk of gastric cancer.

Several cost-effectiveness analyses demonstrated that endoscopic surveillance is a
cost-effective method to reduce gastric cancer mortality. A comprehensive systematic
review showed that endoscopic screening is cost-effective in high-incidence countries, and
that targeted endoscopic screening of high-risk populations is also generally cost-effective
in low-intermediate incidence countries [86]. Recently, Kowada et al. demonstrated that
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biennial endoscopy for patients with mild-to-moderate gastric mucosal atrophy and annual
endoscopy for patients with severe gastric mucosal atrophy were the most cost-effective
measures after H. pylori eradication [87].

4.3. Gastric Cancer Screening Tests Performed at Hoki-cho, Tottori Prefecture

Since 2000, patients in Tottori Prefecture were able to select between endoscopic
and radiographic examinations. The rate of gastric cancer screening by endoscopic or
radiographic examination in Hoki-cho, Tottori Prefecture has remained around 20%, which
is not sufficient, as the national target is 50%. With the aim of accelerating endoscopic
screening and eradication therapy for H. pylori infection, Hoki-cho in Tottori Prefecture
has implemented a risk evaluation system for gastric cancer for 5 years since 2014 by
testing the serum for H. pylori antibodies [88]. Target populations included individuals
aged 20 and 35–70 years in each year, and who underwent at least one examination through
the evaluation system during this period (Figure 1).

Figure 1. Flow chart of H. pylori antibody test project in Hoki-cho, Tottori prefecture. Individuals
with PG I levels of ≤70 ng/mL and PG I/II ratio of <3 are classified as PG test positive, which is
equal to gastric atrophy. PG, pepsinogen.

In cases with negative results for H. pylori diagnosis, we incorporated the serum PG
method. During the 5 years from 2014 to 2018, there were a total of 6191 target individuals,
of whom 2464 were screened (participation rate: 39.8%). The total number of H. pylori-
positive cases was 753 (30.6%), and that of cases negative for H. pylori antibody and
positive for the PG method was 58 (2.4%). The frequency of H. pylori positivity was 9.2%
in individuals aged 20 years and <40% in individuals aged 60–70 years. This gradually
increased with advancing age (Figure 2). The rate was highest (38.4%) among patients aged
60–70 years of age.

Consequently, during the 5-year study period, 71.3% of the examinees underwent a
detailed endoscopic examination (Table 1), and two patients with early gastric cancer were
detected. Eradication therapy was implemented in 97.6% of cases that had a positive result
for H. pylori infection after undergoing a detailed endoscopic examination. On the other
hand, only 33.7% and 22.8% of individuals with positive screening results in 2014 and 2015,
respectively, had received a periodic endoscopic screening at least once during the three
years after the following year. Therefore, it is important to increase the participation rate
of this project and the rate of detailed endoscopic examinations to further increase in the
detection of the risk of gastric cancer and implement periodic endoscopic screening.
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Figure 2. The frequency of H. pylori positivity according to age (2014~2018).

Table 1. Results of H. pylori antibody test project in Hoki-cho, Tottori Prefecture.

Year 2014 2015 2016
2017,
2018

Total

Examinees (n) 910 776 311 467 2464
Cases requiring detailed endoscopy (n) 323 259 109 121 811
Examination required rate (%) 35.4 33.4 35.0 25.9 32.9
Cases undergone screeningendoscopy (n) 258 181 61 78 578
Examination rate (%) 79.9 69.9 56.0 64.5 71.3

The rate of population-based gastric cancer screening in Hoki-cho was 20.6% in 2013;
however, after the introduction of the H. pylori infection screening, it increased to 26.2%
in 2015, 22.8% in 2016, 23.2% in 2017, and 24.3% in 2018. In 2018, 657 (63.4%) of the
1036 patients had opted for endoscopic examination (26.1% in 2013, 35.3% in 2014, 52.9% in
2015, 50.7% in 2016, and 57.0% in 2017), contributing to the steady increase in the use of
endoscopy (Table 2).

Table 2. Annual trends in the rate of participation for population-based gastric cancer screening in
Hoki-cho, Tottori Prefecture.

Year 2013 2014 2015 2016 2017 2018 2019

Target population (n) 4533 4533 4533 4257 4257 4257 4257
Examinees (n) 934 963 1188 970 986 1036 1039
Participation rate (%) 20.6 21.2 26.2 22.8 23.2 24.3 24.4
Proportion of endoscopy among gastric
cancer screening tests (%) 26.1 35.3 52.9 50.7 57.0 63.4 65.9

The data were obtained from “Cancer Screening Report in Tottori Prefecture”.

This implies that screening using the H. pylori antibody test is useful for improving
the rate of participation and efficient gastric cancer endoscopy. In the future, it will be
necessary to verify the effect of reducing gastric cancer mortality by combining H. pylori
antibody testing and endoscopic examination and to implement the optimal screening
interval for each H. pylori-infected and uninfected person. In addition, it is important to
improve the true rate of participation by recommending endoscopic examination to those
who require it.
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5. Future Directions for Gastric Cancer Screening

5.1. Optimal Age and Intervals for Screening

According to Japan’s national screening program, the recommended age for gastric
cancer screening was changed to >50 years due to a decrease in the incidence of gastric
cancer in 40-year-olds [13]. Similarly, the British Society of Gastroenterology guidelines
suggested endoscopy screening be considered in individuals aged > 50 years with multiple
risk factors for gastric adenocarcinoma (male, smokers, and pernicious anemia) [89]. In
Korea, gastric cancer screening is conducted for populations aged 40–74 years [55]. A study
in Japan based on nationwide data showed that the endoscopic screening program would
be cost-effective when implemented for populations aged 50–75 years [90]. A nationwide
study in Singapore revealed that gastric cancer screening was cost-effective when used
among Chinese men aged 50–70 years [91].

A different screening interval might be defined and considered depending on its
relationship to the individual’s background and gastric cancer risk. The incidence of gastric
cancer differs according to individual risks and is mainly defined by H. pylori infection sta-
tus and atrophic gastritis. In Korea, an interval of 2 years is recommended [92]. The British
Society of Gastroenterology recommends that endoscopic follow-up should be performed
every 3 years for individuals with severe chronic atrophic gastritis or intestinal metaplasia,
and within one-year intervals for low-grade intraepithelial neoplasia—similar to the man-
agement of epithelial precancerous conditions and lesions in the stomach (MAPS II) guide-
line [93]. In Japan, high-grade intraepithelial neoplasia should be treated clinically. The na-
tional program in Japan recommends repeated gastric cancer screening every 2–3 years [14].
However, high-quality prospective research is required to determine the optimal follow-up
interval for endoscopic screening in Japan. If individuals with a low risk of gastric cancer
could be identified and adopted in the screening programs, their screening interval could
be expanded. Hamashima et al. introduced infection atrophy diagnosis using endoscopy
and serological testing or risk stratification and conducted a nationwide prospective study
to set the interval between risk-specific screenings [17]. It is expected that the results of this
research will reduce the burden on patients by appropriately classifying the risk of gastric
cancer and extending the interval between screenings for low-risk patients. The research
also aims to establish a system that enables the target population to access endoscopic
screening fairly by effectively utilizing limited medical resources.

5.2. AI as a New Screening Method

In gastric cancer screening, both radiographic and endoscopic examinations may be
eluded by gastric cancer [56,94,95]. In population-based screening, the specialist is required
to carry out a double check, the labor is intensive, and the evaluation of the accuracy is
difficult. Recently, diagnosis of H. pylori infection and detection of gastric cancer using
AI have been reported. The sensitivity and specificity of endoscopic H. pylori infection
diagnosis were 81.9% and 83.4% using AI, 79.0% and 83.2% by an average endoscopist, and
85.2% and 89.3% by an endoscopic specialist, respectively [96]. On the other hand, when
AI detection was conducted in three groups. That is, H. pylori-positive, H. pylori-negative,
and eradicated H. pylori, the rate of correct diagnosis decreased to 77% [97]; hence, there
is room for further improvement in diagnosis using AI, including that of cases following
H. pylori eradication. AI has a high sensitivity for gastric cancer, but its positive predictive
value is low [24–26]. However, this has rapidly improved [98]. In addition to its accuracy,
AI diagnostic imaging is expected to reduce the burden of double-checking and effectively
extract patients who need follow-up endoscopy [98]. It is expected that intervention of
gastric cancer screening using AI may reduce gastric cancer deaths more efficiently than
the conventional methods of screening.
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6. Conclusions

While endoscopic gastric cancer screening has been initiated nationwide in Japan, the
incidence of H. pylori infection has decreased and the number of cases following H. pylori
eradication has increased. Moreover, the importance of ABC classification reflecting H.
pylori infection status and gastric atrophy before endoscopic screening is being increasingly
recognized. Considering its cost-effectiveness, spreading the use of endoscopic screening
is desirable to establish a new medical examination provision system that conducts ex-
aminations at appropriate screening intervals, according to the individual’s background
and risks.
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Abstract: Background: Currently, medications and behavioral modifications have limited success
in the treatment of functional constipation (FC). An individualized diet based on microbiome anal-
ysis may improve symptoms in FC. In the present study, we aimed to investigate the impacts of
microbiome modulation on chronic constipation. Methods: Between December 2020–December 2021,
50 patients fulfilling the Rome IV criteria for functional constipation were randomized into two groups.
The control group received sodium picosulfate plus conventional treatments (i.e., laxatives, enemas,
increased fiber, and fluid intake). The study group underwent microbiome analysis and received
an individualized diet with the assistance of a soft computing system (Enbiosis Biotechnology®,
Sariyer, Istanbul). Differences in patient assessment constipation–quality of life (PAC-QoL) scores
and complete bowel movements per week (CBMpW) were compared between groups after 6-weeks
of intervention. Results: The mean age of the overall cohort (n = 45) was 31.5 ± 10.2 years, with 88.9%
female predominance. The customized diet developed for subjects in the study arm resulted in a
2.5-fold increase in CBMpW after 6-weeks (1.7 vs. 4.3). The proportion of the study group patients
with CBMpW > 3 was 83% at the end of the study, and the satisfaction score was increased 4-fold from
the baseline (3.1 to 10.7 points). More than 50% improvement in PAC-QoL scores was observed in 88%
of the study cohort compared to 40% in the control group (p = 0.001). Conclusion: The AI-assisted
customized diet based on individual microbiome analysis performed significantly better compared to
conventional therapy based on patient-reported outcomes in the treatment of functional constipation.

Keywords: functional bowel disorders; gut microbiota; personalized diet; machine learning;
personalized medicine; Turkey

1. Introduction

Constipation is a common gastrointestinal disorder with an estimated global preva-
lence of 14% [1] and represents a heavy burden for ambulatory healthcare systems [2].
Chronic constipation is defined as difficult and/or infrequent bowel movements and is
divided into four subgroups: functional constipation (FC), irritable bowel syndrome (IBS)
with constipation, opioid-induced constipation, and functional defecation disorders [3].
Among these, FC has been the least understood and the most desperate group, as only
one-third to half of the patients benefit from available treatments [4,5]. Similarly to some
common comorbidities, quality of life (QoL) is impaired [6]. The impact of FC is estimated
to cause a mean loss of 2.4 active days in a month [7]. Moreover, both direct and indirect
healthcare costs are determined by approximately 2.5 million visits and 92,000 hospitaliza-
tions per year, with more than 7 billion USD for diagnostic assessments [8,9].
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The current guidelines on the diagnosis and management of constipation in adults
recommend the symptomatic approach as the initial step [10]. First-line treatments include
changes in lifestyle and diet, cessation of medications causing constipation, fiber and/or
bulk-forming agents, increased fluid intake, and exercise. The second step includes lax-
atives, and the third step is the introduction of stimulant laxatives, enemas, as well as
prokinetic drugs [10]. In a recent meta-analysis, the results of 33 studies involving 17,214 pa-
tients, revealed that almost all medications were superior to placebo in terms of achieving
three or more complete bowel movements per week (CBMpW) and the diphenylmethane
laxatives (prucalopride and sodium picosulfate) ranked as the most effective [4]. As most of
the studies in the literature report results after 4–12 weeks, the long-term effects of the med-
ications and the sustainability of the treatments have been a main topic of debate [4,5,11].
Besides, the main reasons for dissatisfaction with medications are low efficacy and the
fact that half of the patients have reported concerns about adverse effects with long-term
use [12]. The ‘symptomatic approach’ rationale of available options and the lack of any
radical treatments justify these concerns.

In recent studies, it has been observed that the intestinal microbiota in patients with
FC is different from that of healthy individuals [13]. Although the role of the microbiome
in CC pathophysiology is not yet fully understood, it is suggested that gut microbiota
may have modulating effects on gastrointestinal motility or metabolites, and fermentation
products may cause increased gas formation [13]. Animal studies revealed that colonization
of germ-free mice with microbiota increased the encoding of several proteins (L-glutamate
transporter, L-glutamate decarboxylase, g-aminobutyric acid, vesicle-associated protein
33, enteric g-actin, and cysteine-rich protein 2) which have neuromodulator effects on
the enteric nervous system [12]. Human studies have also indicated the crucial role of
the microbiome in gastrointestinal motility. An increased proportion of Actinobacteria,
Bacteroides, Lactococcus, and Roseburia are associated with faster gut transit time, whereas
Faecalibacterium correlates with slower motility [12]. The present study aimed to inves-
tigate the impact of an AI-assisted microbiome-based personalized diet compared with
sodium picosulfate plus conventional therapy (i.e., laxatives, enemas, increased fiber, and
fluid intake) on FC patients.

2. Materials and Methods

The study was approved by the Institutional Ethics Committee (Approval no. 10840098-
772.02-E.47859) and conducted in line with the Declaration of Helsinki. The patients were
thoroughly informed about the protocol, and written consent was obtained. Patients ful-
filling the Rome IV criteria for FC and aged between 20–65 years were included in the
study. All the patients underwent detailed physical and rectal examinations by a European
board-certified coloproctologist (NCA). Patients who had a colonoscopy performed within
the last 5 years were included. Colonic transit time and magnetic resonance defecography
were obtained from all patients. Exclusion criteria were: the use of antibiotics, probi-
otics, and/or prebiotics within the last four weeks; gastrointestinal endoscopy within the
last four weeks; a history of major gastrointestinal surgery (total/segmental gastrectomy,
small bowel resection, and/or colonic resection); cholecystectomy; inflammatory bowel
diseases; and celiac disease. Any etiology of chronic constipation other than FC (irritable
bowel syndrome, rectocele, dyssynergic defecation, and opioid use) was excluded. Patients
with endocrine, metabolic, or neurologic disorders causing constipation (hypothyroidism,
Parkinson’s disease, and paraplegia) were also excluded from the study.

2.1. Study Design and Groups

This was a single-center, prospective, randomized study. Patients were those who
consulted with the Istanbul Medipol University Hospital General Surgery Clinic with
constipation. Patients fulfilling inclusion criteria were divided into two groups using block
randomization at a 1:1 ratio. The coloproctologist (NCA) was not blinded to randomization
as she obtained the fecal samples from the patients in the study group and managed the
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treatments of the control group. Baseline and post-treatment questionnaires were collected
by another surgeon blinded to the randomization (OHT).

After randomization, both groups were recommended to continue their regular diets
with increased fluid and fiber intake and informed about the exclusion criteria. The control
group received 5 mg of sodium picosulfate (Dulcolax® 2.5 mg, Sanofi, Turkey) daily for
ten weeks. In the study group, after fecal samples were taken, patients were suggested to
continue their regular diet for four weeks until the microbiome analysis was completed.
During the subsequent six weeks, patients in the study group received the personalized
microbiome modulatory diet, and those in the control group received 5 mg of sodium
picosulfate plus the conventional treatments (i.e., laxatives, enemas, increased fiber, and
fluid intake) for FC. The two groups were compared in terms of bowel movements and
quality of life.

The primary endpoint was the proportion of patients with a mean of three or more
complete bowel movements per week (CBMpW) at ten weeks. The secondary endpoint
was a more than 50% improvement in the total Patient Assessment Constipation Quality of
Life (PAC-QoL) score.

2.2. Fecal Sampling and 16S Ribosomal RNA Gene Sequencing

Fecal samples were collected using BBL culture swabs (Becton, Dickinson and Com-
pany, Sparks, MD, USA) and transported to the laboratory in a DNA/RNA shield buffer
medium. DNA extraction was carried out directly from the stool samples using a Qiagen
Power Soil DNA Extraction Kit (Qiagen, Hilden, Germany). A NanoDrop (Shimadzu,
Japan) device was used to measure the final concentrations of extracted DNA. dsDNA
quantification was done using the Qubit dsDNA HS Assay Kit and a Qubit 2.0 Fluorimeter
(Thermo Fisher Scientific, Waltham, MA, USA).

The sequencing of 16S rRNA was performed using the Illumina MiSeq (Illumina, San
Diego, CA, USA) device according to the manufacturer’s protocol.

All amplified products were then checked with 2% agarose gel electrophoresis. Ampli-
cons were purified using the AMPure XP PCR Purification Kit (Beckman Coulter Genomics,
Danvers, MA, USA) and quantified using the Qubit dsDNA HS Assay Kit and a Qubit 2.0
Fluorimeter (Thermo Fisher Scientific, Waltham, MA, USA). Approximately 15% of the
PhiX Control library (v3) (Illumina, San Diego, CA, USA) was combined with the final
sequencing library. The libraries were processed for cluster generation. Sequencing on
250PE MiSeq runs was performed, generating at least 50,000 reads per sample.

Sequencing data were analyzed using the QIIME pipeline [14] after filtering and trim-
ming the reads for a PHRED quality score of 30 via the Trimmomatic tool [15]. Operational
taxonomic units were determined using the Uclust method, and the units were assigned
to taxonomic clades via PyNAST using the Green Genes database [16] with an open refer-
ence procedure. Alpha- and beta-diversity statistics were assessed accordingly by QIIME
pipeline scripts. The graph-based visualization of the microbiota profiles was performed
using the tmap topological data analysis framework with the Bray-Curtis distance metric.

2.3. The AI-Based Personalized Nutrition Model

The AI-based nutritional recommendations system is based mainly on the eating rates
of the individual in a certain period to ensure the homeostasis of the microbiome and
increase microbial diversity.

After the analysis reports are released, a detailed health-disease life history is taken,
and a six week diet service is provided to the individual with lifestyle-specific diet lists in
accordance with his/her comorbidities. Diet lists are updated according to the individual’s
feedback, recovery level, and wishes during weekly meetings.

While designing an individual’s diet list, the modules in the Microbiome Analysis
Report provide detailed data and help design results-oriented diet lists. In this study, foods
containing “fiber” were prioritized in the AI-based recommended food scores specific to
constipated individuals and integrated into the diet list in accordance with the individual’s
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lifestyle. The Enbiosis personalized nutrition model estimates the optimal micronutrient
compositions for a required microbiome modulation. The present study computed the
microbiome modulation needed for a constipated patient based on the “constipation”
indices generated by the machine learning models as described previously [17]. While
designing the diet lists, care was taken not to give calories below the basal metabolic rate.

2.4. Assessments and Follow-Up

Demographic and clinical characteristics, as well as the number of CBMpW and PAC-
QoL scores of eligible patients, were recorded at baseline. The PAC-QOL questionnaire
was previously validated in the Turkish population and assesses constipation-related
symptoms on four subscales (physical discomfort, psychosocial discomfort, worries and
concerns, and satisfaction) that are scored on a 5-point Likert-type scale (0, none/not at
all; 4, extremely/all the time) and are inversely proportional with symptom relief [18]. All
the patients were asked to record daily defecation diaries, which include the frequency of
bowel movements, presence of straining and/or feeling of incomplete evacuation, and/or
use of any rescue enema. The diaries were collected, and PAC- QOL questionnaire was
repeated at 10 weeks. The absence of more than 2 weeks of diary records was defined as
‘non-responders’. For less than 2 weeks of absent data, the information from last week was
copied for the missing weeks.

According to the microbiome test results, patients in the study group received AI-
assisted, personally customized diets (Enbiosis Biotechnology®, Sariyer, Istanbul, Turkey)
with weekly online dietitian support for six weeks.

2.5. Statistical Analysis

A successful treatment and patient satisfaction rate of 30% was estimated with conven-
tional treatments of FC [19]. With the hypothesis that soft-computed microbiome treatment
would increase CBMpW to ≥3 in 80% of the patients, the sample size was calculated as
19 patients in each group with α = 0.05 and 90% power. Considering a drop-out rate of
25%, a total of 50 patients were recruited for the study. Power and sample size analyses
were performed by a web-based software (Raosoft Inc., Seattle, WA, USA) [20].

Continuous variables were expressed as means and standard deviation, and categori-
cal variables as frequency and percentages. The distribution of continuous variables was
determined by histograms, skewness, and Kurtosis analyses. The association between
parametric variables was tested by an independent samples t-test. The association be-
tween non-parametric variables was determined by Mann-Whitney-U. Differences in mean
CBMpW and PAC-QoL scores before and after treatments were tested by a paired-samples
t-test. The difference between categorical variables was tested by a chi-square test. Sta-
tistical significance was defined as p < 0.05. Statistical analyses were performed using
SPSS 21.0 (IBM, Chicago, IL, USA).

3. Results

Between December 2020 and December 2021, 74 patients with constipation were
assessed for eligibility, and 50 were randomized into control (n = 25) and study (n = 25)
groups, yet 5 patients in the control group were excluded for various reasons. The flow
diagram is given in Figure 1. The mean age was 31.5 ± 10.2, and 40 (88.9%) patients were
female. The mean age in the control group was 34.5 ± 11.4, which higher than the study
group mean age (29.1 ± 8.6), but this difference was not statistically significant (p = 0.076).
Four (8.9%) of the patients had comorbidities including type 2 diabetes (n = 2), asthma
(n = 1), and hypertension (n = 1); 10 (22.2%) had proctologic diseases (3 anal fissures and
hemorrhoids). The mean duration of constipation was 88.8 ± 66.9 months. The baseline
CBMpW was ≥3 in 6 (13.3%) of the patients, with a mean value of 1.9 ± 1.92. There
was no difference between the groups in terms of gender, body mass index, duration of
constipation, or stool frequency (Table 1). The mean baseline PAC-QoL score was 55.3 ± 14.6
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and was similar between the groups (p = 0.101), except for psychosocial discomfort. The
mean scores of PAC-QoL subscales were not different between groups at baseline (Table 1).

Figure 1. Flow diagram of the study.

Table 1. Demographic and clinical characteristics of the patients, baseline stool frequency, and quality
of life scores.

Variables
Total

(n = 45)

Control Group
(n = 20)

Study Group
(n = 25)

p

Age (years, mean ± SD) 31.5 ± 10.2 34.5 ± 11.4 29.1 ± 8.6 0.76 *
Gender 0.608 **

Male 5 (11.1) 2 (10) 3 (12)
Female 40 (88.9) 18 (90) 22 (88)

BMI (kg/m2 mean ± SD) 26.3 ± 5.1 26.1 ± 5 26.5 ± 5.3 0.786 *
Constipation duration
(months, mean ± SD) 88.8 ± 66.9 91.9 ± 75.9 86.2 ± 60.2 0.778 *
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Table 1. Cont.

Variables
Total

(n = 45)

Control Group
(n = 20)

Study Group
(n = 25)

p

CBMpW (n, mean ± SD) 1.9 ± 1.92 2.1 ± 2.2 1.7 ± 1.6 0.374 ***
CBMpW ≥ 3 (n, %) 6 (13.3) 4 (20) 2 (8) 0.383 *
PAC-QoL subscales
(points, mean ± SD)
Physical discomfort 10.33 ± 2.5 10 ± 2.4 10.5 ± 2.5 0.494 *

Psychosocial discomfort 17.33 ± 5.3 20.3 ± 4 15 ± 5.1 0.001 *
Worries and discomfort 30.8 ± 9.4 32.3 ± 5.8 29.6 ± 11.4 0.314 ***

Satisfaction 3.2 ± 2.1 3.3 ± 2.2 3.1 ± 2.1 0.736 *
Total PAC-QoL score
(points, mean ± SD) 55.3 ± 14.6 59.3 ± 10.4 52.1 ± 16.9 0.101 *

SD: Standard deviation, BMI: Body mass index, CBMpW: Complete bowel movement per week, PAC-QoL: Patient
Assessment Constipation–Quality of Life, *: Student’s t test, **: Pearson chi-square test, ***: Mann-Whitney-U test.

After 10 weeks, the mean CBMpW improved from 2.1 ± 2.2 to 2.8 ± 2 in the control
group (p = 0.003) and from 1.7 ± 1.6 to 4.3 ± 1.8 in the study group (p > 0.001). The
mean total PAC-QoL scores improved in both groups. There was a slight but significant
improvement in the control group (59.3 ± 10.4 to 55 ± 8.5, p = 0.005)) and an approximately
3.5-fold significant improvement in the study group (52.1 ± 16.9 to 15.9 ± 16, p = 0.001).
Among PAC-QoL subscales, only worries and discomfort scores improved after treatment
in the control group, whereas the study group has significantly improved scores in every
measure (Table 2).

Table 2. Effect of treatments on stool frequency and quality of life at baseline and post-treatment.

Control Group Study Group

Baseline After 10 Weeks T p * Baseline After 10 Weeks T p *
CBMpW

(n, mean ± SD)
2.1 ± 2.2 2.8 ± 2 −3.462 0.003 1.7 ± 1.6 4.3 ± 1.8 −10.718 <0.001

PAC-QoL
(points, mean ± SD)
Physical discomfort 10.1 ± 2.4 9.8 ± 2.3 0.677 0.506 10.6 ± 2.5 5 ± 3.9 6.551 <0.001

Psychosocial discomfort 20.3 ± 4 19.4 ± 3.5 1.294 0.211 15 ± 5.1 6.5 ± 5.3 6.987 <0.001
Worries and discomfort 32.3 ± 5.9 29.8 ± 5.7 2.708 0.014 29.6 ± 11.5 15.2 ± 8.1 6.982 <0.001

Satisfaction 3.3 ± 2.2 3.9 ± 2.3 −1.332 0.199 3.1 ± 2.1 10.7 ± 3.5 −9.553 <0.001
Total PAC-QoL score
(points, mean ± SD) 59.3 ± 10.4 55 ± 8.5 3.155 0.005 52.1 ± 16.9 15.9 ± 16 9.317 <0.001

CBMpW: Complete bowel movement per week, SD: Standard deviation, PAC-QoL: Patient Assessment Constipa-
tion Quality of Life, *: Paired samples t-test. Bold characters were used for statistically meaningful p values.

The mean post-treatment CBMpW was lower than 3 and significantly lower in the
control group compared to the study group (2.8 ± 2 vs. 4.3 ± 1.8, p = 0.013). In every
measure of PAC-QoL, the study group had significantly better scores than the control group
(Table 3). At the end of the trial, 30 (66.7%) of the patients had at least a 50% improvement in
their total PAC-QoL score (8 from the control group and 22 from the study group; p = 0.001)
and 29 (64.4%) had reported ≥3 CBMpW. In the study group, 84% (n = 21) of the patients
had CBMpW ≥ 3 compared to 40% (n = 8) in the control group (p = 0.003).
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Table 3. Comparison between groups in terms of post-treatment stool frequency and quality of life measures.

Variables Total (n = 45) Control Group (n = 20) Study Group (n = 25) p
CBMpW (n, mean ± SD) 3.6 ± 2 2.8 ± 2 4.3 ± 1.8 0.013 *

PAC-QoL
(points, mean ± SD)
Physical discomfort 7.1 ± 4.1 9.8 ± 2.3 5 ± 3.9 <0.001 *

Psychosocial discomfort 12.2 ± 7.9 19.3 ± 3.5 6.5 ± 5.4 <0.001 **
Worries and discomfort 21.7 ± 10.2 29.9 ± 5.6 15.2 ± 8.1 <0.001 *

Satisfaction 7.7 ± 4.5 3.9 ± 2.3 10.7 ± 3.5 <0.001 **
Total PAC-QoL score
(points, mean ± SD) 33.3 ± 23.6 55.1 ± 8.5 15.9 ± 16 <0.001 **

50% improvement in
total score (n, %) 30 (66.7) 8 (40) 22 (88) 0.001 ***

CBMpW ≥ 3 (n, %) 29 (64.4) 8 (40) 21 (84) 0.003 ***

CBMpW: Complete bowel movement per week, SD: Standard deviation, PAC-QoL: Patient Assessment
Constipation–Quality of Life. *: Student’s t test, **: Mann-Whitney-U test, ***: Pearson chi-square test.

4. Discussion

Gut microbiota are affected by changes in the diet. Consuming more fiber in the
diet results in higher quantities of Provotella spp. in the colon, whereas more protein and
fat consumption cause Bacteroides spp. to reproduce, causing maladjustment of the gut
microbiota, which leads to changes in nutrient absorption, immune response, and tolerance
to symbiotic bacteria [21,22].

In a non-randomized controlled study evaluating features of fecal flora in FC patients,
it was determined that Bifidobacterium and Bacteroides species were significantly low in
stool samples of patients with FC [23]. The mean Bristol Stool Scores and CBMpW were
significantly improved after a 2-week probiotic treatment. In another pivotal cross-sectional
study conducted on children with constipation using 16S rRNA gene pyrosequencing, it was
determined that Prevotella was abundant with several genera of Firmicutes in constipated
patients compared to controls [24]. It was interpreted that the changes in the microbiome
were due to a low-fiber diet, and bacterial fermentation end-products, such as increased
butyrate production, might lead to constipation.

Increased fiber intake is a key principle in FC therapy. The physicochemical properties
of fiber have a significant effect on the gut microbiota. The type of dietary fiber consumed
affects the gut microbiota because not all types of bacteria have the capacity to produce
the enzymes necessary for their digestion [25]. In the guidelines, soluble fibers are rec-
ommended for the treatment of constipation because there may be tolerance problems
with insoluble fibers (e.g., fiber in wheat brans and whole grains) in some patients [26].
Insoluble fibers may lead to or increase abdominal pain, distention, and flatulence. Fruit
fiber (e.g., prunes) or mixed soluble fibers are shown to be more effective in the short
term than psyllium. Also, oligofructose-probiotic combinations are shown to have signif-
icant effects on chronic constipation [22]. In this study, patients on the study arm have
achieved significant improvement in 6-week treatment with the personalized diet. Most
of the patients on the customized diet were satisfied with the treatment approach, and
both the number of CBMpW and the ratio of patients with more than 50% improvement in
defecation frequency increased.

Considering the fact that nutrition alters the gut microbiota significantly, it is important
to prepare a proper diet for patients with FC according to their needs. In our study, we
have determined that personalized microbiome modulation by dietary intervention based
on AI-assisted fecal microbiome profiling resulted in improvements in the symptoms of FC
patients as well as their quality of life.

There are some limitations to the study. As a single-center pilot study, the results
cannot be generalized to the whole patient population with FC. Also, there was no follow-
up period after six weeks, so the waxing of symptoms, if any, has not been recorded.
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Lastly, due to financial limitations, microbiome tests have only been applied to study group
patients instead of all the patients in the study.

In conclusion, customization of a diet based on individual microbiome tests provides
better outcomes both clinically and socially in FC patients. Considering the significant
social impact and healthcare costs related to FC, effective non-pharmacological therapies
should be preferred for these patients. To our knowledge, this is the first study to utilize
personalized dietary modulation intervention based on individual microbiome profiles of
the FC patient population in Turkey and the literature.
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Abstract: Background: The gap between the demand and supply of donor livers is still a considerable
challenge. Since static cold storage is not sufficient in marginal livers, machine perfusion is being
explored as an alternative. The objective of this study was to assess (dual) hypothermic oxygenated
machine perfusion (HOPE/D-HOPE) and normothermic machine perfusion (NMP) in contrast to
static cold storage (SCS). Methods: Three databases were searched to identify studies about machine
perfusion. Graft and patient survival and postoperative complications were evaluated using the
random effects model. Results: the incidence of biliary complications was lower in HOPE vs. SCS (OR:
0.59, 95% CI: 0.36–0.98, p = 0.04, I2: 0%). There was no significant difference in biliary complications
between NMP and SCS (OR: 0.76, 95% CI: 0.41–1.40, p = 0.38, I2: 55%). Graft and patient survival
were significantly better in HOPE than in SCS (HR: 0.40, 95% CI: 0.23–0.71, p = 0.002, I2: 0%) and
(pooled HR: 0.43, 95% CI: 0.20–0.93, p = 0.03, I2: 0%). Graft and patient survival were not significantly
different between NMP and SCS. Conclusion: HOPE/D-HOPE and NMP are promising alternatives
to SCS for donor liver preservation. They may help address the widening gap between the demand
for and availability of donor livers by enabling the rescue and transplantation of marginal livers.

Keywords: machine perfusion; normothermic; hypothermic; liver transplant; survival

1. Introduction

Although the number of liver transplants performed globally has increased yearly,
the availability of donor organs is overshadowed by the demand. More and more centers
have optimized and adopted the use of extended criteria donor (ECD) organs to narrow the
gap [1,2]. However, ECD organs are more susceptible to ischemia-reperfusion injury and
have an increased mortality risk than standard criteria donor organs [3]. Static cold storage
(SCS) is the gold-standard method for preserving donor livers. Although SCS has good out-
comes for optimal livers, especially donation after brain death (DBD), it has been reported
as insufficient in suboptimal livers, with a high risk for complications [4–6]. To address the
limitations of SCS, centers worldwide have investigated the use of dynamic preservation
of livers using machine perfusion ex situ. Two types of machine perfusion are utilized
in the clinical preservation of donor livers: normothermic machine perfusion (NMP) and
(dual) hypothermic oxygenated machine perfusion (HOPE/D-HOPE) [7–9]. Normothermic
machine perfusion is initiated immediately after standard organ procurement to replace
cold storage [10–15]. Unlike NMP, which keeps the liver continuously perfused close to or
at normal core temperature, HOPE/D-HOPE involves continuous perfusion of the liver
with a cooled, oxygenized perfusate [11,16–19]. HOPE has been associated with improved
graft function compared to SCS [18,20–22].

Although numerous studies have explored the dynamic preservation of livers over the
past two decades using machine perfusion (NMP or HOPE/D-HOPE) compared to SCS
in clinical settings, the majority are small sample-size studies. Based on current literature,
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it is not very clear which may be comparatively better between HOPE/D-HOPE and
NMP when compared with SCS, which is the standard method for preserving donor livers.
Ischemia re-perfusion injury is one of the main concerns in SCS. Ischemia re-perfusion
injury affects graft survival, which influences patient survival. Machine perfusion aims to
address this problem. The occurrence of postoperative complications also has an impact
on patient survival. Therefore, in this systematic review and meta-analysis, our primary
objective is to assess and compare patient and graft survival in liver transplant patients
after ex situ machine perfusion compared to SCS. The secondary objective is to evaluate
the occurrence of postoperative complications after liver transplantation.

2. Methods

2.1. Search Strategy

The PubMed, Web of Science and Scopus databases were queried for studies reporting
on normothermic and hypothermic machine perfusion in liver transplantation through
September 2022. The full search syntax for each database is documented in the Supplemen-
tary Materials. Full-text studies reporting on NMP or HOPE with an SCS control group
were included. Abstracts, reviews, case reports, editorials and letters and non-English lan-
guage studies were excluded. First, studies were evaluated for inclusion based on the title
and abstract. Studies were subsequently included based on a review of the study’s full text.
The selection was carried out by two independent reviewers (MJ and DL). The final article
inclusion was based on a mutual consensus of the two reviewers. Cross-referencing was
performed on the studies to identify any other related studies. Studies comparing either
NMP or HOPE to SCS were included; studies that compared NRP, SCS and NMP/HOPE
were also included. The most recent study was included if multiple studies reported results
from the same source. This manuscript was prepared according to the Cochrane guidelines
for interventional system reviews and the PRISMA statement (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [23,24].

2.2. Quality Assessment

Two independent reviewers performed the quality assessment of all the studies in-
cluded in the meta-analysis. The evaluation was according to the Downs and Black check-
list [25]. We used the modified Downs and Black checklist composed of 5 categories (quality
of reporting, external validity, potential for bias, confounding and power analysis). For
each study, the maximum possible score is 32 points. Most studies reporting on machine
perfusion in liver transplantation have small sample sizes. To address this issue, the last
item (study power) was modified from a 5-point scale to assign 5 points if there was
adequate study power, 3 if the study power was calculated, and 1 if there was no study
power calculation.

2.3. Data Extraction

Data were extracted independently by the two reviewers using standardized forms.
Baseline and outcome data were extracted for the research (NMP/HOPE) and control
(CSC) groups. Baseline data includes sample size in each group, age, donor type and
BMI. Outcome data includes graft survival, patient survival, biliary complications, hospital
stay, vascular complications and primary non-function. Data were collected, aggregated
and reported. For studies that did not report survival data, the data were extracted from
Kaplan–Meier survival curves using methods described by Tierney et al. [26].

2.4. Statistical Analysis

Pooling of available outcome data (biliary complications, vascular complications,
graft survival, patient survival, hospital stay and primary non-function) was performed
using “Review Manager 5.3” using the random effects model. Study heterogeneity was
quantified using the DerSimonian–Laird method. The pooled data were presented with
their corresponding 95% confidence intervals (CI). The graft and patient survival between
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the groups were compared using generic inverse variance described by Tierney et al. [26].
The hazard ratios were reported with the respective 95% CI and corresponding forest plots
used for visual reporting. The random effects model was used for biliary complications,
vascular complications, hospital stay and primary non-function, and the odds ratios (OR)
with 95% CI were reported on forest plots. Study heterogeneity was assessed using the I2

statistic. p-value < 0.05 was considered significant.

3. Results

3.1. Literature Search Results

A text search was performed on 13 September 2022. A PRISMA flow chart of the search
process is presented in Figure 1. Upon initial search, 529 results were returned, and 70 arti-
cles were selected for full-text assessment. Finally, 10 articles were included in the anal-
ysis [7,11,18,20,27–32]. The quality assessment of all the included studies is summarized
in Table 1. The studies were of moderately good quality; the median score was 20 out of
32 points (range 17–23). Three studies had DCD and DBD donors in the analyzed [7,11,27].
Dutkowski et al. compared DCD HOPE to DCS SCS and DBD SCS [29]. Gaurav et al.
compared SCS, NMP and NRP [30]; only SCS and NMP data were included. Vascular
complications were reported in eight studies [11,18,20,28–32], PNF in six [7,11,18,29–31],
biliary complications in nine [11,18,20,27–32] and hospital stay in eight [7,11,20,27–31].
Seven studies reported adequate data to compare patient survival [11,18,20,28,30–32], and
nine to compare graft survival [7,11,18,20,28–32]. The baseline demographic and clinical
data of the included studies are summarized in Table 2. In total, 1104 liver transplant
recipients were included (504 machine-perfused livers and 600 static cold-storage livers) in
this study. Of the 504 perfused livers, 371 were NMP and 133 were HOPE. In one study,
HOPE was combined with NRP [28]. Three studies only reported patient survival rates
without sufficient data to extract survival data [7,27,29]. Bral et al. did not provide sufficient
data to extract graft survival data [27].

Figure 1. PRISMA flow chart.
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Table 1. Quality assessment based on the downs and black checklist.

References Reporting
External
Validity

Internal Validity
(Risk of Bias)

Internal Validity
(Confounding)

Power Total Points

Dutkowski et al., 2015 10 3 5 3 1 22
Guarrera et al., 2015 9 2 5 2 1 19

Bral et al., 2017 8 3 6 2 1 20
Van Rijn et al., 2017 8 3 6 4 1 22
Nasralla et al., 2018 9 3 6 4 1 23
Schlegel et al., 2019 8 3 5 4 1 21

Mergental et al., 2020 8 3 5 2 1 19
Riccardo et al., 2021 7 3 5 1 1 17
Gaurav et al., 2022 8 3 5 1 1 18

Markmann et al., 2022 8 3 5 3 1 20
Maximum score 11 3 7 6 5 32

Table 2. Study characteristics.

References
n Age MELD CIT

Perfusion Time
HOPE SCS HOPE SCS HOPE SCS HOPE SCS

Dutkowski et al., 2015 25 50 60 (57–64) 56 (49–59) 13 (9–15) 16 (10–21) 188 (141–264) 395 (349–447) 317 (280–391)
Guarrera et al., 2015 * 31 30 57.5 ± 8 58.4 ± 9.6 19.5 ± 5.9 21.4 ± 6.3 553 ± 96 516 ± 114 228 ± 54
Van Rijn et al., 2017 10 20 57 (54–62) 52 (42–60) 16 (15–22) 22 (17–27) - 503 (476–526) 126 (123–135)
Schlegel et al., 2019 50 50 58 (56–62) 57 (51–61) 11 (8–14) 11.8(8.5–15.8) 264 (210–312) 282 (258–318) 120 (96–144)
Riccardo et al., 2021 37 37 58 (37–70) 56 (38–66) 9 (6–25) 13 (6–19) 411 (330–660) 390 (240–583) 120 (42–380)

References
n Age MELD CIT

Perfusion Time
NMP SCS NMP SCS NMP SCS NMP SCS

Bral et al., 2017 10 30 53(28–67) 59(43–69) 13 (9–32) 19 (7–34) 167 (95–293) 233 (64–890) 690 (198–1350)

Nasralla et al., 2018 121 101 55(48–62) 55(48–62) 13 (10–18) 14 (9–18) 126
(106.5–143) 465 (375–575) 547.5(372.5–710.5)

Mergental et al., 2020 22 44 56(46–65) - 12 (9–16) - 452 (389–600) - 587 (450–705)
Gaurav et al., 2022 67 97 59(51–63) 56(50–62) 14 (10–18) 16 (13–20) 396 (346–441) 430 (397–474) 460 (330–569)

Markmann et al., 2022 * 151 142 57 ± 10.3 58.4 ± 10.1 28.4 ± 6.9 28 ± 5.7 175. 4 ± 43.5 338.8 ± 91.5 276.6 ± 117.4

MELD: Model For End-Stage Liver Disease. CIT: Cold Ischemia Time. HOPE: Hypothermic oxygenated ma-
chine perfusion. SCS: Static Cold Storage; NMP: Normothermic Machine Perfusion. * values were reported as
mean ± standard deviation. Elsewhere, values were reported as median (range).

3.2. Complications after Liver Transplant

Biliary and vascular complications and primary non-function are summarized in
Table 3. Biliary complications were reported in 269/1038 patients in 10 studies. The in-
cidence of biliary complications was higher in SCS than in MP (Pooled OR: 0.59, 95%
CI: 0.44–0.80, p < 0.001, I2: 0%, Figure 2a) [7,11,18,20,27–32]. When comparing HOPE
to SCS, biliary complications were higher in SCS (Pooled OR: 0.59, 95% CI: 0.36–0.98,
p = 0.04, I2: 0%, Figure 2b) [18,20,28,29,31]. There was no significant difference in bil-
iary complications between NMP and SCS (Pooled OR: 0.76, 95% CI: 0.41–1.40, p = 0.38,
I2: 55%, Figure 2c) [7,11,27,30,32]. Vascular complications were reported in 81/1019 pa-
tients in 8 studies [11,18,20,28–32]. There was no significant difference in vascular com-
plications between NM and SCS (Pooled OR: 0.79, 95% CI: 0.49–1.28, p = 0.35, I2: 0%,
Figure 3a) [11,18,20,28–32]. There was no significant difference in vascular HOPE and SCS
(Pooled OR: 0.54 95% CI: 0.2–1.28, p = 0.16, I2: 0%, Figure 3b) [18,20,28,29,31], nor between
NMP and SCS (Pooled OR: 0.94, 95% CI: 0.53–1.68, p = 0.84, I2: 0%, Figure 3c) [7,11,27,30,32].
Vascular complications were not reported in two of the studies [7,27]. PNF was re-
ported in 23/579 patients in six studies [7,11,18,29–31]. There was no significant dif-
ference in PNF between NM and SCS (Pooled OR: 1.92, 95% CI: 0.46–7.97, p = 0.37, I2:
50%, Figure 4a) [7,11,18,29–31]. PNF was also not significantly different between HOPE
and SCS, nor between NMP and SCS; (Pooled OR: 2.82, 95% CI: 0.56–14.18, p = 0.21,
I2: 38%, Figure 4b) [18,29,31] and (Pooled OR: 0.58, 95% CI: 0.12–2.77, p = 0.49, I2: 0%,
Figure 4c) [7,11,30], respectively.
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Table 3. Postoperative complications.

References
Biliary Complications Vascular Complications PNF

Total MP SCS Total MP SCS Total MP SCS

Dutkowski et al., 2015 28 5 23 4 1 3 10 7 3
Guarrera et al., 2015 17 4 13 5 3 2 3 1 2

Bral et al., 2017 4 0 4 - - - - - -
Van Rijn et al., 2017 18 5 13 2 0 2 - - -
Nasralla et al., 2018 28 13 15 23 13 10 2 2 0
Schlegel et al., 2019 34 16 18 10 4 6 1 1 0

Mergental et al., 2020 - - - - - - 1 0 1
Riccardo et al., 2021 19 8 11 9 1 8 - - -
Gaurav et al., 2022 61 23 38 12 5 7 6 1 5

Markmann et al., 2022 60 21 39 16 7 9 - - -

MP: Machine Perfusion; SCS: Static Cold Storage. PNF: Primary Non-Function.

Figure 2. Forest plots for biliary complications. (a) Machine perfusion (hypothermic or normothermic)
vs. SCS (P < 0.001). (b) HOPE vs. SCS (P = 0.04). (c) NMP vs. SCS (P = 0.38).
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Figure 3. Forest plots for vascular complications. (a) Machine perfusion (hypothermic or normother-
mic) vs. SCS (P = 0.35). (b) HOPE vs. SCS (P = 0.16). (c) NMP vs. SCS (P = 0.84).

3.3. Graft and Patient Survival after Liver Transplant

The graft and patient survival rates for each of the studies are summarized in Tables 4 and 5.
Re-transplantation was reported in 68/566 patients in five studies (Pooled OR: 0.43, 95%
CI: 0.23–0.83, p = 0.01, I2: 0%, Figure S1) [11,20,29–31]. Reported 1-year graft survival
ranged between 81 and 98% in MP and 69 and 99% in SC. Reported 1-year patient survival
ranged between 80 and 100% in the MP and between 80 and 97% in SCS. Graft and
patient survival were compared between HOPE and SCS and between NMP and SCS.
Graft survival was significantly better in the MP group than SCS (pooled HR: 0.46, 95%
CI: 0.23–0.93, p = 0.03, I2: 74%, Figure 5a) [7,11,18,20,28–32]. HOPE was associated with
reduced graft loss compared to SCS (pooled HR: 0.40, 95% CI: 0.23–0.71, p = 0.002, I2:
0%, Figure 5b) [18,20,28,29,31]. Graft was slightly favorable in NMP compared to SCS
but not statistically significant (pooled HR: 0.60, 95% CI: 0.15–2.37, p = 0.47, I2: 89%,
Figure 5c) [7,11,30,32]. There was no significant difference in patient survival between MP
and SCS (pooled HR: 0.74, 95% CI: 0.47–1.17, P = 0.20, I2: 4%, Figure 5a) [11,18,20,28,30–32].
Patient survival was significantly better in HOPE than SCS (pooled HR: 0.43, 95% CI:
0.20–0.93, p = 0.03, I2: 0%, Figure 6b) [18,20,28,31]. There was no significant difference in
patient survival between NMP and SCS (pooled HR: 0.99, 95% CI: 0.57–1.72, p = 0.98, I2:
0%, Figure 6c) [11,30,32]. Funnel plots for studies included in the various analyzes are
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provided in the supplement; HOPE vs SCS in Figure S2, NMP vs SCS in Figure S3 and MP
vs SCS in Figure S4.

Figure 4. Forest plots for primary non-function. (a) Machine perfusion (hypothermic or normother-
mic) vs. SCS (P = 0.37). (b) HOPE vs. SCS (P = 0.21). (c) NMP vs. SCS (P = 0.49).

Table 4. Graft survival.

References

Proportion (%) Graft Survival

6 Months 1 Year
MP SCS MP SCS

Dutkowski et al., 2015 - - 90 69
Guarrera et al., 2015 - - 81 80

Bral et al., 2017 80 100 - -
Van Rijn et al., 2017 100 80 100 67
Nasralla et al., 2018 - - 95 96
Schlegel et al., 2019 - - 90 82

Mergental et al., 2020 - - 86.4 86.4
Riccardo et al., 2021 - - 91.8 83.8
Gaurav et al., 2022 90 87 75 83

Markmann et al., 2022 99 99 98 99
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Table 5. Patient survival.

References

Proportion (%) Patient Survival

1 Year
MP SCS

Dutkowski et al., 2015 - -
Guarrera et al., 2015 84 80

Bral et al., 2017 100 85
Van Rijn et al., 2017 100 67
Nasralla et al., 2018 95 97
Schlegel et al., 2019 98 86

Mergental et al., 2020 100 95.5
Riccardo et al., 2021 100 91.8
Gaurav et al., 2022 80 94

Markmann et al., 2022 94 93.7

Figure 5. Forest plots for graft survival. (a) Machine perfusion (hypothermic or normothermic) vs.
SCS (P = 0.03). (b) HOPE vs. SCS (P = 0.02). (c) NMP vs. SCS (P = 0.47).
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Figure 6. Forest plots for patient survival. (a) Machine perfusion (hypothermic or normothermic) vs.
SCS (P = 0.20). (b) HOPE vs. SCS (P = 0.03). (c) NMP vs. SCS (P = 0.98).

4. Discussion

Given the increasing demand for donor livers, the gap between supply and demand
has kept widening. Several approaches have been taken to try to address this issue.
One of which has been the use of ECD organs [33,34]. However, ECD organs are of-
ten discarded due to being suboptimal. Secondly, marginal livers are associated with
less optimal postoperative outcomes than standard-criteria donor organs. Numerous
transplant centers have explored the use of machine perfusion to rescue discarded liv-
ers [7,8,35]. The utilization of machine perfusion, however, extends beyond the rescue
of discarded organs, and studies have investigated the possibility of replacing SCS with
NMP or HOPE/D-HOPE [11,12,18,20,29]. Based on current literature, machine perfusion
is associated with more favorable postoperative outcomes. However, there appears to be
some difference in the postoperative outcomes of HOPE/D-HOPE vs. SCS and those of
NMP vs. SCS.

Both graft and patient survival in liver transplant recipients of grafts that underwent
HOPE/D-HOPE instead of SCS were significantly better. The improvement in graft survival
may be associated with reduced ischemia-reperfusion injury in grafts that are preserved
using HOPE [28,31,36]. The improved patient survival may also be a result of the reduced
incidence of postoperative complications and the reduced incidence of graft loss in HOPE
compared to SCS. In the HOPE subgroup analysis, graft survival favored the HOPE group
in all the studies included. The same was true for patient survival. In both analyses, the
studies were homogeneous (I2: 0%).
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However, in the studies that compared NMP to SCS, there was no significant difference
in graft and patient survival, although graft survival slightly favored NMP. We do note
though that based on I2-statistic, these studies were heterogenous (I2: 89%). On further
investigation, we found graft survival in Mergental et al. [7] to be the outlier (OR: −2.24,
SE: 0.34, in favor of NPM). Without their study included in the subgroup analysis, the
studies were homogenous (I2: 0%). This heterogeneity may be a result of the much smaller
sample size in this study compared to the other three studies in the analysis. The NPM
and SCS group sample sizes were 22 and 44, respectively, in Mergental et al. [7]; 67 and 97,
respectively, in Gaurav et al. [30]; 170 and 164, respectively, in Nasralla et al. [11]; and 142
and 151 in Markmann et al. [32].

Based on these results, HOPE/D-HOPE may provide more favorable graft and patient
survival outcomes than NMP. However, we cannot provide concrete backing for this
deduction. As such, it should be interpreted as a bird’s-eye-view takeaway from the
findings, which merit further investigation.

In a pooled analysis of machine perfusion (NMP and HOPE/D-HOPE) vs. SCS, graft
survival was significantly better in the machine perfusion group (p = 0.03). However,
the studies were significantly heterogeneous (I2: 74%). The heterogeneity here is most
likely a result of the different methods of machine perfusion used in the different studies
(HOPE vs. NMP). The patient survival was not significantly better in the machine perfusion
group than in SCS, although machine perfusion was slightly favored (p = 0.2). Unlike the
graft-survival analysis, in this case, the studies were homogenous (I2: 4%). The patient
outcome was mostly affected by the survival results in the studies that used NMP. This is
perhaps expected since HOPE and NMP are considered to be distinct graft-preservation
techniques. HOPE has been reported to promote mitochondrial functional recovery, in-
crease adenosine triphosphate levels and reduce the donor liver injuring the rewarming
phase [16,37]. NPM, on the other hand, has been reported to enable liver metabolism at
physiological temperature. NPM has most been used to assess the viability of suboptimal
organs [15,38]. Based on current literature, there appears to be no evidence showing a
significant benefit of NPM in improving the quality of suboptimal livers. Furthermore,
NPM machines have been reported to be technically challenging and prone to human error.
Injury to the liver during NPM has a considerably more negative impact on the organ than
under HOPE [39].

Since HOPE and NMP may have distinct benefits, with HOPE seemingly being more
beneficial to mitigating reperfusion injury, and NPM to allowing for viability testing, some
centers are now investigating the combination of HOPE and NPM [40], while some are
looking at sub-normothermic machine perfusion [12,14]. We are yet to see whether the
sequential use of HOPE followed by NMP can yield much more positive postoperative
outcomes coupled with the potential for rescuing marginal and suboptimal organs than
may have otherwise been discarded.

We found a similar situation with respect to biliary complications. HOPE had a
significantly lower incidence of biliary complications than SCS (p = 0.04, I2: 0%). However,
the difference was not significant for NPM vs. SCS, and yet again, the studies were
heterogeneous (I2: 55%). As with graft survival in the studies that compared NPM to
SCS, Mergental et al. [7] seems to be the source of the heterogeneity. Analysis without this
study included is homogenous with I2 of 0%. We did, however, find biliary complications
to be lower in machine perfusion as a whole vs. SCS (p < 0.001, I2: 0%). For the other
postoperative outcomes we analyzed (PNF and vascular complications), there were no
significant differences between HOPE and SCS, nor between NMP and SCS.

We could not conduct a detailed analysis of the potential mediating and confounding
factors that may have impacted graft and patient survival in the included studies due to
patient data availability limitations. However, this is an important aspect of survival anal-
ysis. Graft survival in liver transplant patients may be affected by male recipient–female
donor sex mismatch, recipient blood group, number of transplantations, advanced donor
age, pre-existing portal vein thrombosis and prolonged cold ischemia time [41–43]. Patient
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survival may be influenced by the need for re-transplantation, graft rejection, advanced
donor age and prolonged cold ischemia time [42]. To the best of our knowledge, at the time
of writing, there is no published study directly comparing HOPE/D-HOPE to NMP. We be-
lieve that a standardized multi-center, large sample-size study comparing the two methods
and analyzing the potential mediating and confounding factors would be of considerable
significance to our understanding of these approaches to donor liver preservation.

The limitations of this study include relatively small sample sizes in some of the
studies included. However, since the transplantation of machine-perfused livers is cur-
rently being investigated at a limited number of centers, the sample size limitation is still
unavoidable. This will undoubtedly change as more liver transplantation centers adopt
machine perfusion. Heterogeneity may also have had some impact on the results, especially
in the NMP subgroup. In either case, the source of the heterogeneity was a single study
whose sample size was much smaller compared to the other studies in the analysis. There
may also be limitations due to the inclusion or exclusion bias. There may also be differences
in surgical experience at different centers and protocols for HOPE and NMP in the different
studies. For all the studies, survival data and hazard ratios were extracted and calculated
using the method described by Tierney et al. [26] in their paper. The process of extracting
this data may introduce some inaccuracy; however, we think this is mostly negligible since
almost all studies tended to favor the research group. The survival rates reported were
short-term survival; therefore, for long-term graft and patient survival, further studies
are needed.

5. Conclusions

Machine perfusion is gaining more interest in donor liver preservation and viability
testing for marginal/suboptimal organs. In reported studies, HOPE/D-HOPE has been
associated with improved graft and patient survival and reduced biliary complications.
NMP has been reported to be helpful in the viability evaluation and rescue of marginal
livers. Therefore, HOPE/D-HOPE and NMP are promising alternatives to SCS for donor
liver preservation. They may help address the widening gap between the demand for and
availability of donor livers by enabling the rescue and transplantation of marginal livers.
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Abstract: There is insufficient evidence to confirm the efficacy of ustekinumab (UST) in promoting
fistula closure in perianal fistulizing Crohn’s disease (CD) patients. We aimed to evaluate the efficacy
of UST in a real-world setting. The data were retrospectively analyzed. Intestinal clinical and
endoscopic changes were evaluated. Fistula radiological outcomes were determined using the Van
Assche score. A total of 108 patients were included, 43.5% of whom had complex perianal fistulas.
Intestinal clinical and endoscopic remission was achieved in 65.7% and 31.5% of patients, respectively.
The fistula clinical remission and response rates were 40.7% and 63.0%, respectively, with a significant
reduction in Perianal Crohn’s disease Activity Index [5.0(3.0, 8.0) vs. 7.5(5.0, 10.0), p < 0.001] and
Crohn’s Anal Fistula Quality of Life [23.5(9.3, 38.8) vs. 49.0(32.3, 60.0), p < 0.001]. Radiological healing,
partial response, no change, and deterioration were observed in 44.8%, 31.4%, 13.4%, and 10.4% of
patients, respectively. The cut-off UST trough concentration for predicting fistula clinical remission
was 2.11 μg/mL with an area under the curve of 0.795, a sensitivity of 93.3%, and a specificity of
67.6%. UST is efficacious in promoting radiological fistula closure in patients with perianal fistulizing
CD. A UST trough concentration over 2.11 μg/mL was correlated with a higher likelihood of perianal
fistula clinical remission.

Keywords: Crohn’s disease; ustekinumab; perianal fistula; radiological fistula remission

1. Introduction

Perianal fistula is the most common complication of Crohn’s disease (CD), affecting
approximately 40% of patients [1]. It represents an aggressive phenotype of CD, which is
likely to respond poorly to multiple medications, has a high risk of relapse and disease-
associated disability, and faces early-onset surgery [2,3]. Patients with perianal fistulizing
CD suffer from anal pain, purulent discharge, restricted sexual activity, and abdominal
symptoms, which undoubtedly result in a lower quality of life. Therefore, management
and monitoring of perianal fistulizing CD remains challenging.

A multidisciplinary approach is recommended for the treatment of perianal fistulizing
CD because of its complexity [4]. According to the global consensus established by Gecse in
2014 [5], for patients with perianal abscesses and active draining fistula, seton or fistulotomy
should be performed, followed by aggressive medical therapies. Monoclonal antibodies
against tumor necrosis factor (anti-TNF) agents, including infliximab and adalimumab,
are effective in perianal fistulizing CD, as shown by the results of the ACCENT II [6] and
CHARM [7] trials. However, it should not be ignored that a proportion of patients are
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primary non-responders to anti-TNF agents, and some have to switch to other biologics
targeting different inflammatory pathways due to loss of response or development of
severe adverse effects.

Ustekinumab (UST), an antibody targeting the p40 subunit shared by interleukin 12
and 23, effectively induces disease remission, as supported by the UNITI-1 and UNITI-2
clinical trials [8,9]. Our recently published study demonstrated that clinical and endoscopic
remission rates were 84.2% and 73.7%, respectively, at week 16/20 after UST initiation,
which adds evidence to the effectiveness of UST in refractory CD [10]. However, there is
still no strong evidence supporting the efficacy of UST in treating perianal fistulizing CD,
despite a series of post hoc or subgroup analyses [11,12].

We aimed to assess the short-term efficacy of UST in treating perianal fistulizing
CD, especially in promoting radiological fistula healing, and to evaluate the UST trough
concentration for predicting clinical fistula remission.

2. Methods

2.1. Study Design

This was a retrospective cohort study based on the data of patients with perianal
fistulizing CD from 1 March 2020 to 31 October 2022 at the Sixth Affiliated Hospital of
Sun Yat-Sen University (Guangzhou, China). This study was approved by the Ethics
Committee of Sun Yat-Sen University (2021ZSLYEC-066) and the Clinical Trial Registry
(NCT04923100). Consent from the patients was waived because all the data we used were
anonymous. All procedures were performed in accordance with the principles of the
Declaration of Helsinki.

2.2. Patients

Consecutive patients meeting the following inclusion criteria were included: First,
patients underwent comprehensive screening and diagnosis for CD according to interna-
tionally accepted criteria [13,14] with supportive clinical, endoscopic, radiological, and
histopathological findings. Second, active perianal fistula was confirmed by clinical symp-
toms and baseline magnetic resonance imaging (MRI). Third, patients were administered
UST therapy and followed up until the third infusion at weeks 16 or 20, with a drug interval
of q8w or q12w, respectively. Patients with incomplete data, development of severe adverse
events, and discontinuation of UST therapy within 16 weeks were excluded.

All patients were first infused with intravenous UST (260 mg for those weighing
<55 kg, 520 mg for those weighing >85 kg, and 390 mg for those weighing between 55–85 kg)
and subcutaneous UST (90 mg every 8 or 12 weeks) afterward [15]. Perianal surgeries
were performed if needed before the initiation of UST infusion. The indications for surgery
include the following: (1) acute abscess formation; (2) marked purulent external orifice,
which worsens the quality of life; (3) an active fistula revealed by MRI scan with the charac-
teristics including lesion range larger than 1 cm, deep ramification, or multiple ramification
formation. The protocols for prior surgery include abscess incision, partial extra-sphinteric
fistulotomy or fistulectomy, and loose seton drainage. Concomitant oral antibiotics includ-
ing metronidazole and ciprofloxacin were prescribed for 4 weeks after surgery. As for the
patients with loose seton, a second definite surgical repair or seton removal was evaluated
at week 16/20 after UST initiation. The UST trough concentration and antidrug antibodies
were detected before the third infusion of UST. Data on patient characteristics, serologic
biomarkers (including C-reactive protein [CRP], erythrocyte sedimentation rate, platelets,
hemoglobin, and albumin, and imaging were extracted from hospital digital records.

2.3. Definition

CD was classified using the widely accepted Montreal classification system [16]. Crohn’s
disease activity index (CDAI) [17], perianal Crohn’s disease activity index (PDAI) [18], and
Crohn’s anal fistula quality of life (CAF-QoL) [19] were evaluated at baseline and at week
16/20. Intestinal clinical remission was defined as a CDAI < 150, and intestinal clinical
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response was defined as a >70 reduction in CDAI and/or CDAI < 150 [17]. Fistula clinical
remission was defined as the absence of any draining fistula, and fistula clinical response
was defined as a decrease of >50% in the number of draining fistulas according to the fistula
drainage assessment index (FDA) [1]. Rutgeerts [20] scores and simple endoscopic score
for Crohn’s disease (SES-CD) [21] were used to evaluate the changes in endoscopic findings
in patients with or without colectomy, respectively. Endoscopic remission was defined as a
Rutgeerts score ≤i1 or SES-CD ≤2 [20,21]. Endoscopic response was defined as a reduction
of one grade from baseline in Rutgeerts score or a reduction of >50% in SES-CD [20,21].
C-reactive protein (CRP) normalization was defined as a CRP level of <4 mg/L.

MRI was performed to evaluate the fistula status. The number of fistulas, anatomical-
classification, hyperintensity on the fat-saturated T2 sequence, and track thickness and vol-
ume were recorded. A simple fistula was defined as a superficial/inter-sphincteric/trans-
sphincteric fistula with only one track, without extension or abscess. Complex fistulas
were defined as inter-sphincteric/trans-sphincteric fistulas with more than one track, or
supra-sphincteric/extra-sphincteric/rectovaginal fistula [1]. Four MRI-based radiological
outcomes were described, including healing, improvement, no change, and deterioration.
Radiological fistula healing was defined as the absence of a high-signal track on fat satu-
rated T2 sequences. Improvement was defined as a reduction in the number and volume
of fistula, and >10% decrease in the MRI signal. No change was defined as the same in
the number of fistulas and the volume of inflammation. Deterioration was defined as an
increase in the size and number of fistula tracks [22]. Van Assche scores [23] ranging from 0
to 22 reflected fistula activity, including fistula number, location, extension, hyperintensity
on T2, collections, and rectal wall involvement. Two specialists from the Colorectal De-
partment (HZ and BH) diagnosed perianal fistulizing CD and assessed the improvement
of perianal fistula based on gentle compression, examination under anesthesia, and MRI
scans. Two experienced radiologists (WTC and WRL) read the MRI scans, evaluated the
radiological outcomes, and recorded the Van Assche scores. Clinical, endoscopic, and
radiological evaluations were recommended at week 16/20.

2.4. Statistical Analysis

Continuous data were presented as mean ± standard error (S.D.E) or median with
interquartile range (IQR), while categorical data were presented as percentages. Student’s
t-test or Wilcoxon test was performed to compare indicators before and after UST treatment.
A receiver operating characteristic (ROC) curve was established to figure out the cut-off
value of UST trough concentration for predicting clinical fistula remission with the area
under the curve (AUC), sensitivity, and specificity calculated. All analyses were conducted
using SPSS 22.0. A statistically significant p-value was defined as a two-sided p-value < 0.05.

3. Results

3.1. Patients’ Characteristics

A total of 308 patients diagnosed with CD and receiving scheduled UST treatment
were enrolled. Of these, 137 patients were excluded due to the absence of perianal fistula
based on clinical symptoms and MRI scans, 51 for insufficient follow-up duration, and
12 for incomplete data (Figure 1). A total of 108 eligible patients were finally included,
74.1% of whom were male, with a mean age of 29.2 ± 1.0 years at diagnosis and a mean
disease duration of 4.3 ± 0.4 years. As for the Montreal classification, 61.1% of the pa-
tients were assigned to B1 (non-stricturing, non-penetrating) and 71.3% to L3 (ileocolonic)
phenotypes. Most fistulas were inter-sphincteric (63.9%), followed by superficial (18.5%),
trans-sphincteric (15.7%), and supra-sphincteric (1.9%). Of the fistulas, 43.5% were complex
fistulas, with a median baseline Van Assche score of 9.0 (7.0,14.0), as determined by MRI
scans. Of the patients, 29.6% had perianal abscesses and 57.4% had proctitis. Among them,
14 patients underwent fistulotomy before UST therapy, 2 of whom received additional
ileostomy due to the severe proximal intestinal lesion. The baseline characteristics are listed
in Table 1.
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Figure 1. Flow chart of the study (CD, Crohn’s disease; UST, ustekinumab; MRI, magnetic resonance
imaging).

Table 1. Baseline characteristics of overall patients.

Variables Total Patients (n = 108)

Male, n (%) 80 (74.1)
Age at diagnosis, [years, mean ± S.D.E] 29.2 ± 1.0
Disease duration, [years, mean ± S.D.E] 4.3 ± 0.4

Montreal classification
Age, n (%)

A1 (≤16 years) 8 (7.4)
A2 (17–40 years) 87 (80.6)
A3 (>40 years) 13 (12.0)

Disease behavior, n (%)
B1 (non-stricturing, non-penetrating) 66 (61.1)

B2 (stricturing) 13 (12.0)
B3 (penetrating) 29 (26.9)

Disease location, n (%)
L1 (ileal) 20 (18.5)

L2 (colonic) 11 (10.2)
L3 (ileocolonic) 77 (71.3)
L4 (upper GI) 21 (19.4)

Fistula type, n (%)
Simple 61 (56.5)

Complex 47 (43.5)
Fistula location, n (%)

Superficial 20 (18.5)
Inter-sphincteric 69 (63.9)
Trans-sphincteric 17 (15.7)
Supra-sphincteric 2 (1.9)
Extra-sphincteric 0 (0)

Van Assche at baseline, median (IQR) 9.0 (7.0,14.0)
Proctitis, n (%) 62 (57.4)

Perianal abscess, n (%) 32 (29.6)
Previous medication, n (%)

Steroids 50 (46.3)
Immunosuppressants 1 76 (70.4)

Anti-TNF agents 2 70 (64.8)
Previous intestinal surgery, n (%) 27 (25.0)

Extraintestinal manifestation, n (%) 8 (7.4)
1 Immunosuppressants includes thiopurines, methotrexate, cyclophosphane, and thalidomide. 2 Anti-TNF agents
refers to infliximab or/and adalimumab. IQR, interquartile range; S.D.E, standard error; GI, gastrointestinal.
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3.2. Efficacy of UST on CD

After administration of UST, the patients showed less inflammatory burden manifested
by a significant decrease in CRP (14.6 ± 2.4 vs. 24.0 ± 3.2, p = 0.002), and improved nutrition
manifested by an increase in hemoglobin (129.8 ± 2.1 vs. 119.0 ± 2.1, p < 0.001) and Alb
(40.2 ± 5.7 vs. 36.9 ± 5.1, p < 0.001) (Table 2). Intestinal clinical remission was observed
in 65.7% of patients, and intestinal clinical response was observed in 71.3% of patients
(Figure 2A). CRP normalization was achieved in 55.6% of patients (Figure 2B). A total
of 99 patients had endoscopy reexamination, of whom 22 patients were evaluated by
Rutgeerts score and 77 by SES-CD. Endoscopic remission and response were achieved in
31.5% and 45.4% of patients, respectively (Figure 2C).

Table 2. Efficacy of UST on patients with perianal fistulizing CD (n = 108).

Variables Baseline Week 16/20 p Value

Inflammatory burden
(mean ± S.D.E)

CRP (mg/L) 24.0 ± 3.2 14.6 ± 2.4 0.002
ESR (mm/h) 22.8 ± 2.3 18.2 ± 1.6 0.051

Platelet (×109/L) 311.9 ± 9.4 296.4 ± 9.1 0.090
Nutritional state
(mean ± S.D.E)

Hemoglobin (g/L) 119.0 ± 2.1 129.8 ± 2.1 <0.001
Alb (g/L) 36.9 ± 5.1 40.2 ± 5.7 <0.001

BMI 19.0 ± 2.9 19.3 ± 3.3 0.247
Intestinal clinical
evaluation (IQR)

CDAI 179.5 (117.6, 258.2) 112.2 (71.9, 171.8) <0.001
Fistula clinical

evaluation (IQR)
PDAI 7.5 (5.0, 10.0) 5.0 (3.0, 8.0) <0.001

CAF-QoL 49.0 (32.3, 60.0) 23.5 (9.3, 38.8) <0.001
CRP: c-reactive protein; ESR: erythrocyte sedimentation rate; Alb: albumin; BMI: body mass index; CDAI: Crohn’s
disease activity index; PDAI: perianal Crohn’s disease activity index; CAF-QoL: Crohn’s anal fistula quality of life;
CD, Crohn’s disease; UST, ustekinumab; IQR, interquartile range; S.D.E, standard error.

Figure 2. Efficacy of UST on CD. (A) Intestinal clinical evaluation using CDAI at week 16/20, n = 108.
(B) Serological evaluation determined by CRP levels, n = 108. (C) Endoscopic evaluation using
Rutgeerts score or SES-CD, n = 99. UST: ustekinumab; CDAI: Crohn’s disease activity index; CRP:
C-reactive protein; SES-CD: simple endoscopic score for Crohn’s disease.
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3.3. Efficacy of UST on Perianal Fistulas

For all enrolled patients, a marked reduction in PDAI (5.0(3.0, 8.0) vs. 7.5(5.0, 10.0),
p < 0.001) and CAF-QoL (23.5(9.3, 38.8) vs. 49.0(32.3, 60.0), p < 0.001) indicated the mit-
igation of fistulas (Table 2). Fistula clinical remission was observed in 40.7% and fistula
clinical response in 63.0% of patients (Figure 3A). All the patients were required to return
at week 16/20 after UST initiation for clinical, endoscopic, and radiological reevaluation.
However, a proportion of patients refused MRI reexamination due to disappearance of
perianal symptoms, economic burden, or time constraint. Eventually, 62.0% (67/108) of
the patients underwent MRI scans. The percentages of patients with fistula healing, partial
response, no change, and deterioration were 44.8%, 31.4%, 13.4%, and 10.4%, respectively
(Figure 3B). After UST treatment, the Van Assche score significantly decreased (5.5(0.0, 10.0)
vs. 9.0(7.0, 14.0), p < 0.001), indicating the confirmed amelioration in fistula radiological
outcomes (Figure 3C).

Figure 3. Efficacy of UST on perianal fistula. (A) Fistula clinical remission and response rates
determined by PDAI, n = 108. (B) Radiological outcomes evaluated by Ng score, n = 67. (C) Changes
in Van Assche scores before and after UST therapy, n = 67. UST: ustekinumab; PDAI: perianal Crohn’s
disease activity index.

3.4. Efficacy of UST on Anti-TNF Naïve and Exposure Patients

We further evaluated the efficacy of UST on patients who were anti-TNF naïve and
those who had anti-TNF exposure. Intestinal clinical remission rate in anti-TNF naïve
patients was significantly higher than that in anti-TNF exposure patients (78.9% vs. 58.6%,
p = 0.033). There was no significant difference in intestinal clinical response, fistula clinical
remission and response, endoscopic remission and response, and radiological remission
between the two groups (Table 3). Nevertheless, we did observe more favorable remission
and response rates in clinical, endoscopic, and radiological evaluations in anti-TNF naïve
patients, although not statistically significant, according to the subgroup analysis.

Table 3. Efficacy of UST on patients with anti-TNF exposure and anti-TNF naïve.

Variables Anti-TNF Naïve 1 Anti-TNF Exposure p Value

Intestinal clinical remission,
n/n (%) (n = 108) 30/38 (78.9) 41/70 (58.6) 0.033

Intestinal clinical response, n/n (%)
(n = 108) 30/38 (78.9) 47/70 (67.1) 0.195

Fistula clinical remission, n/n (%)
(n = 108) 20/38 (52.6) 24/70 (34.3) 0.064
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Table 3. Cont.

Variables Anti-TNF Naïve 1 Anti-TNF Exposure p Value

Fistula clinical response, n/n (%)
(n = 108) 25/38 (65.8) 42/70 (60.0) 0.554

Endoscopic remission, n/n (%)
(n = 99) 14/35 (40.0) 17/64 (26.6) 0.381

Endoscopic response, n/n (%)
(n = 99) 20/35 (57.1) 25/64 (39.1) 0.260

Radiological remission, n/n (%)
(n = 67) 14/25 (56.0) 16/42 (38.1) 0.154

1 Anti-TNF agents refers to infliximab or/and adalimumab.

3.5. Relationship of CD Clinical Remission and Clinical Fistula Response

Fistula clinical fistula remission/response was observed in 80.3% of the patients who
had achieved intestinal clinical remission, but only 43.2% in those who did not, indicating
that intestinal clinical remission positively correlated with fistula clinical remission.

3.6. Exposure–Response Effect of UST on Perianal Fistulizing CD

Overall, 64 patients had UST trough concentration detected at week 16/20 after initia-
tion of UST. The median UST trough concentration at week 16/20 was 2.4 (0.9, 3.5) μg/mL.
In a quartile analysis of UST trough concentrations, we demonstrated that fistula clinical
remission and response rates correlated with UST trough levels. Higher rates of fistula
clinical remission and response were observed in the higher UST trough concentration
group (Figure 4A). A significantly higher fistula remission and response rate was found
in the higher UST trough concentration quartile. The cut-off UST trough concentration
predicting clinical fistula remission was 2.11 μg/mL, with an AUC of 0.795, a sensitivity of
93.3%, and a specificity of 67.6% (Figure 4B). Figure 5 showed a typical case manifesting
radiological fistula healing after UST therapy in patients with perianal fistulizing CD.

Figure 4. Exposure–response effect of UST on fistula clinical outcome. (A) Quartile analysis of UST
trough concentration associated with fistula clinical remission and response. (B) ROC curve of UST
trough concentration at week 16/20 predicting clinical fistula remission. The cut-off UST trough
concentration was 2.11 μg/mL, with an AUC of 0.795 [95%CI: 0.675–0.915], a sensitivity of 93.3%, and
a specificity of 67.6%. ROC, receiver operating characteristic; UST, ustekinumab; AUC, area under
the curve; CI, confidence interval.
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Figure 5. A case showing radiological fistula healing of a supralevator fistula. (A) The arrows show
the supralevator part of the fistula closure with scarring. (B) The arrows show the infralevator part of
the fistulas closure with scarring. (C) The arrows show vanishment of the supralevator lesion, and
the triangle shows improvement of proctitis.

4. Discussion

In this study, approximately 40% of the patients achieved fistula clinical remission
after UST initiation. Of note, 44.8% of the patients achieved deep radiological fistula
healing according to post-treatment MRI. Our clinical and radiological results verified the
acceptable short-term efficacy of UST for perianal fistulizing CD, particularly in promoting
radiological fistula closure.

Infliximab was the first proven effective biologic in promoting and maintaining CD-
related fistula closure, supported by high-quality randomized controlled trials (RCTs) with
fistula closure as the primary endpoint [24]. According to a multicenter, double-blind RCT
conducted by Daniel et al. [6], 40% of patients had a complete fistula response at week 54
after scheduled infliximab administration. Adalimumab is effective in treating fistulizing
CD, however only with low-grade evidence [25]. Majority of studies reported that 30–50%
of patients achieved clinical fistula remission after long-term anti-TNF therapies [6,26,27].
Our results manifested that 40.7% of the patients presented fistula closure after initiation of
UST, which was similar to those reported previously. Given that this study focused solely
on the short-term efficacy of UST, favorable long-term outcomes may be expected.

UST is the second-line biologic recommended for perianal fistulizing CD. A post
hoc analysis of UNITI-1/UNITI-2 reported that 24.7% of patients achieved fistula closure
at week 8 and 80% of patients achieved clinical fistula response at week 44 after UST
treatment [28]. The BioLAP study [29], including 207 patients with perianal CD, was a
retrospective trial with the largest sample size reported to date. Therapeutic success was
achieved in 38.5% of patients treated with UST. A prospective observational study in the
Netherlands reported that 35.7% (10/28) of patients achieved clinical fistula remission
24 weeks after UST initiation [30]. However, RCTs are still lacking with regards to fistula
closure as the primary endpoint to evaluate the efficacy of UST on perianal fistula.

UST was first approved for the treatment of CD in 2016 in America and in 2020 in China.
The efficacy of UST on CD has rarely been reported in China, and has never been reported
in perianal fistulizing CD. To our knowledge, this is the first real-world study conducted in
Chinese population to report the effectiveness of UST in perianal fistulizing CD. The fistula
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clinical remission rate was 40.7%, similar to that reported previously [31]. We focused more
on radiological outcome regarding that radiological fistula healing always lags behind
fistula clinical remission and calls for greater efforts to realize it. However, our results
showed approximately 45% of patients had achieved radiological fistula healing, which
undoubtedly adds our confidence in efficacy of UST in the treatment of perianal fistulizing
CD. Moreover, a better performance of UST was seen on patients who were biologic-naïve
manifested by the significantly higher rate in intestinal clinical remission according to
our subgroup analysis, which was consistent with the well-known SUCCESS trial [32].
Nevertheless, there was no significant difference in the effectiveness of UST in promoting
clinical or radiological fistula healing in biologic-naïve and biologic-exposure patients.

Pelvic MRI is a pivotal tool for perianal fistula diagnosis, classification, severity
evaluation, and monitoring. Radiological fistula healing continues after clinical fistula
closure, for internal tracks may persist despite closure of the external opening, leading to a
higher rate of relapse [33]. Patients who achieve radiological fistula remission may maintain
fistula resolution, regardless of continuation or discontinuation of anti-TNF therapy [34]. In
this study, all eligible patients had a precise diagnosis and classification of perianal fistula
based on MRI scans. In addition, 62.0% (67/108) of the patients underwent MRI scans
at the post-therapy follow-up. The radiological fistula healing rate was 44.8%, indicating
the ideal efficacy of UST for complete fistula closure. Follow-up imaging can assist with
disease monitoring and therapeutic management.

Perianal fistulizing CD exerts profound effects on patient’s psychosocial state and daily
life [35]. To date, limited data have been obtained regarding the effect of perianal fistulas on
quality of life. The PDAI is widely used to measure CD-associated perianal disease activity. It
is neither specific to perianal fistulas nor patient-centered [36]. CAF-QoL is the first disease-
specific and patient-reported outcome index in clinical practice, involving factors such as burden
of symptoms and treatment, and negative impact on quality of life [19]. In this study, we
combined the PDAI and CAF-QoL to evaluate the impact of perianal fistulas on patients with
CD. Favorable changes in both the PDAI and CAF-QoL were observed after UST therapy.

It has been reported that an IFX concentration of 12 μg/mL is associated with fis-
tula remission. Optimizing biologics correlates with a higher response rate in perianal
fistulizing CD patients [37,38]. Nevertheless, no studies have yet proposed a cut-off UST
trough level associated with fistula healing. Sands et al. concluded that perianal fistula
resolution is not associated with a higher UST serum concentration [39]. In contrast, one
observational study noted that 50% of patients with UST escalation into q4w or q6w admin-
istration intervals achieved a clinical response in perianal disease [40]. In this study, we did
manifest the exposure–effect relationship between clinical fistula remission and UST trough
levels. The cut-off value of UST we reported was 2.11 μg/mL, which was much higher
than 1.12 μg/mL, the cut-off value of UST associated with clinical remission (defined as
CDAI < 150) that we reported previously [10]. Undoubtedly, more high-quality studies are
needed to further verify the relationship between UST escalation and fistula outcome.

This study had some limitations. First, this was a single-center study with a relatively
small sample size. The evidence from this retrospective study should be validated further in
a larger sample size from multiple IBD centers nationwide. Moreover, we only manifested
the short-term efficacy of UST in perianal fistulizing CD with short-term follow-up; hence,
and the long-term efficacy and the safety of UST for perianal fistula was not evaluated. The
strengths of this study include strict definitions, radiological evaluation combined with
clinical assessment, and emphasis on quality of life.

5. Conclusions

In conclusion, UST is effective in promoting clinical and radiological fistula remission
in patients with CD. A trough concentration of UST higher than 2.11 μg/mL was associated
with clinical fistula remission at week 16/20. More RCTs with fistula closure as the primary
outcome are warranted to evaluate the efficacy of UST in treating perianal fistulizing
CD in-depth.
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Abstract: Sarcopenia, defined as decreased muscle mass and strength, can be evaluated by a computed
tomography (CT) examination and might be associated with reduced survival in patients with
carcinoma. The prognosis of patients with metastatic pancreatic carcinoma is poor. The FOLFIRINOX
(a combination of 5-fluorouracil, irinotecan, and oxaliplatin) chemotherapy regimen is a validated
first-line treatment option. We investigated the impact of sarcopenia on overall survival (OS) and
progression-free survival (PFS) in patients with metastatic pancreatic carcinoma. Clinical data and
CT examinations of patients treated with FOLFIRINOX were retrospectively reviewed. Sarcopenia
was estimated using baseline CT examinations. Seventy-five patients were included. Forty-three
(57.3%) were classified as sarcopenic. The median OS of non-sarcopenic and sarcopenic patients were
15.6 and 14.1 months, respectively (p = 0.36). The median PFS was 10.3 in non-sarcopenic patients
and 9.3 in sarcopenic patients (p = 0.83). No differences in toxicity of FOLFIRINOX were observed.
There was a trend towards a higher probability of short-term death (within 4 months of diagnosis)
in sarcopenic patients. In this study, the detection of sarcopenia failed to predict a longer OS or
PFS in selected patients deemed eligible by a physician for triplet chemotherapy and receiving the
FOLFIRINOX regimen in a first-line setting, confirming the major importance of a comprehensive
patient assessment by physicians in selecting the best treatment option.

Keywords: metastatic pancreatic carcinoma; FOLFIRINOX; sarcopenia; oxaliplatin

1. Introduction

Pancreatic cancer is expected to become the second leading cause of cancer-related
death by 2030 [1]. While surgical resection is the only potentially curative treatment, only
15–20% of patients are candidates for surgery at diagnosis, because the majority of patients
are diagnosed at a locally advanced stage of the metastatic stage of the disease [2].

Gemcitabine was first identified as the cornerstone of the treatment of patients with
metastatic pancreatic carcinoma [3]. In 2011 and 2013, two large phase 3 trials pinpointed
a survival benefit with FOLFIRINOX (5-fluorouracil, irinotecan, and oxaliplatin) and
gemcitabine plus nab-paclitaxel in comparison to gemcitabine monotherapy [4,5]. These
combinations are now considered as the two validated options in the first-line setting
for patients with metastatic pancreatic cancer, pending a good performance status (PS)
(i.e., Eastern Co-operative Oncology Group [ECOG] PS 0 or 1). Despite these treatment
improvements, the prognosis of patients with metastatic pancreatic adenocarcinoma is still
poor [6].

Sarcopenia, defined as the decrease in skeletal muscle mass and strength, is a compo-
nent of cancer cachexia, which is characterized by a negative protein and energy balance,
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resulting from multiple factors, such as reduced food intake, inflammation, and exces-
sive catabolism [7,8]. In clinical practice, the most commonly used method for skeletal
muscle mass assessment is obtained using cross-sectional imaging at the level of the third
lumbar vertebra (L3), using computed tomography (CT) [9,10]. Skeletal muscle index
(SMI) cut-offs based on gender and body mass index (BMI) to classify sarcopenia have
been published [11,12]. Sarcopenia was significantly associated with a shortened overall
survival (OS) (p < 0.001) and a reduced cancer-specific survival (CSS) (p < 0.001) in a large
meta-analysis including 7843 patients with solid tumors [13]. At the time of diagnosis,
the prevalence of sarcopenia in patients with solid tumors was estimated to be around
40% [12]. In pancreatic adenocarcinoma, the prevalence of sarcopenia ranges from 19 to
65% [12,14,15]. Recently, a Japanese study identified a shortened OS in sarcopenic patients
treated with FOLFIRINOX for advanced pancreatic carcinoma (p = 0.001) [16].

The aim of this study was to determine whether sarcopenia was associated with an
unfavorable outcome in a Western population of patients with metastatic pancreatic cancer
treated with FOLFIRINOX in a first-line setting.

2. Material and Methods

2.1. Study Design and Objectives

We performed a single-center, retrospective study in patients with metastatic pancre-
atic carcinoma treated with a modified FOLFIRINOX regimen in the first-line treatment,
from January 2012 to December 2020 in our tertiary center. The primary endpoint of the
study was OS, defined as the time from diagnosis to death (or last news if alive). Secondary
endpoint was PFS, defined as the time from diagnosis to radiological progression. Our
study received approval from our local institutional review board (AAA-2022-08011).

2.2. Patients and Treatment

Patients were included in the study if they had a histologically proven diagnosis of
metastatic pancreatic carcinoma and had received at least one cycle of a triplet chemother-
apy with 5-fluorouracil, oxaliplatin, and irinotecan (FOLFIRINOX regimen). All patients
received prophylactic growth factors to prevent severe neutropenia.

Patients were excluded if they did not have CT examination within the 30 days before
the treatment initiation, if they did not have follow-up with CT examination, or if they
had undergone a surgical resection or local treatment of the primary tumor or metastasis
after the diagnosis of metastatic pancreatic cancer. Patients presenting with mixed tumors,
or neuroendocrine tumors were excluded. Patients with metachronous metastasis were
included in the present study.

2.3. Toxicity Assessment

Treatment toxicity was evaluated during medical visit by experienced physicians
after four to six cycles of chemotherapy and at progression. All side-effects were graded
according to the Common Terminology Criteria for Adverse Events version (CTCAE)
version 4 [17].

2.4. Anthropometric Measurement

For each patient, weight and height were measured according to standard methods,
and body mass index (BMI) was calculated.

2.5. Image Analysis

Sarcopenia was assessed using CT examination at the time of diagnosis of metastatic
pancreatic cancer. A radiologist with 10 years of experience in pancreatic imaging an-
alyzed CT images at the third lumbar vertebra (L3) and identified skeletal muscles ac-
cording to anatomic features and predefined thresholds of Hounsfield units (−29 to +150)
(Figure 1) [11]. Skeletal muscle area (cm2) was normalized by height (m2), allowing calcu-
lation of the skeletal muscle index (SMI) (cm2/m2).
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Figure 1. CT image in the axial plane at the level of the third lumbar vertebra in a sarcopenic patient
with metastatic pancreatic carcinoma. Regions of interest (ROI) for sarcopenia measurements on axial
CT image are indicated inside the red zone.

To define sarcopenia, we used the threshold values previously determined by Martin
et al. which were associated with poor survival in patients with solid tumors [11]. Patients
were considered sarcopenic when the following values were observed: SMI < 43 cm2/m2 for
men with BMI < 25 kg/m2, <53 cm2/m2 for men with BMI ≥ 25 kg/m2, and <41 cm2/m2

for women, regardless of BMI. Radiologic progression was defined using the Response
Evaluation Criteria In Solid Tumors (RECIST 1.1) criteria [18].

2.6. Statistical Analysis

The normality of the distribution of quantitative variables was assessed using Shapiro–
Wilk test. Quantitative variables were expressed as means ± standard deviations (SD) and
ranges when normally distributed, or as medians and interquartile ranges (Q1 and Q3)
when non-normally distributed [19]. Qualitative variables were expressed as raw numbers,
proportions, and percentages. Comparison between patients with sarcopenia and patients
without sarcopenia was performed using Student t-test for continuous variables or the Chi2
test for qualitative variables. Survival in patients with sarcopenia and in patients without
sarcopenia was analyzed by the Kaplan–Meier method and compared using the log-rank
test. A p-value < 0.05 was considered to indicate significant differences. Calculations were
performed with NCSSC 2007 software (NCSS, Kaysville, UT, USA).

3. Results

3.1. Patients

One hundred and seventy patients with histologically proven metastatic pancreatic
carcinoma were initially identified. Among them, 24 were excluded due to the lack of a CT
examination at the time of diagnosis, surgical resection of the primary tumor or metastasis
(n = 3), or exclusive supportive care (n = 15). One hundred and twenty-eight patients
(75.3%) received chemotherapy. Among them, 75 received a FOLFIRINOX regimen (58.7%),
33 received FOLFOX (25.8%), nine received gemcitabine plus nab-paclitaxel (7%), eight
received gemcitabine monotherapy (6.2%), and three received FOLFIRI (2.3%). The study
flow-chart is displayed in Figure 2.

We included 75 patients who received at least one cycle of FOLFIRINOX. There were
38 women (50.7%) and 37 men (49.3%), with a mean age of 64 ± 11.2 (SD) years (range:
34–85 years). The patients’ baseline characteristics are reported in Table 1. All patients
had a pancreatic ductal adenocarcinoma (PDAC) or variants (acinar cell carcinoma, n = 2;
adenosquamous carcinoma, n = 1; undifferentiated carcinoma with osteoclast-like giant
cells, n = 2). Ten patients had a past history of cephalic duodenopancreatectomy (n = 4) or
pancreatosplenectomy (n = 6). Forty-three patients (57.3%) were identified as sarcopenic.
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Figure 2. Flow-chart.

Table 1. Patients’ characteristics at baseline.

Patients’ Characteristics All Patients
Non-Sarcopenic

Patients
Sarcopenic

Patients
p-Value

Patients, n (%) 75 32 (42.7) 43 (57.3)
Sex, n (%) 0.98

Women 38 (51) 13 (34.2) 25 (65)
Men 37 (49.3) 19 (51.3) 18 (48.7)

Age, mean (SD) 64 (11.2) 63.4 (11.7) 64.4 (11) 0.68
Weight (kg), mean (SD) 67.9 (13,5) 73 (12.4) 64 (13) 0.002
BMI, mean (SD) 23.6 (4.4) 25.3 (5.1) 22.3 (3.3) 0.005

Underweight (BMI < 18.5), n (%) 3 (4) 0 (0) 3 (7)
Normalweight (18.5 ≤ BMI < 25), n (%) 49 (65.3) 18 (56.2) 31 (72)
Overweight (25 ≤ BMI < 30), n (%) 17 (22.7) 10 (31.2) 7 (16.3)
Obese (30 ≤ BMI), n (%) 4 (5.3) 3 (9.4) 1 (2.3)

Skeletal muscle L3 area (cm2), mean (SD) 123.3 (31.5) 144.5 (24.5) 107.6 (26.7) <0.001
SMI (cm2/m2) (men), mean (SD) 45.3 (7.5) 49.6 (4.7) 40.8 (7.3) <0.001
SMI (cm2/m2) (women), mean (SD) 39.6 (9.1) 48.9 (8.8) 34.7 (4.3) <0.001
ECOG PS, n (%) 0.2

0 14 (18.7) 8 (25) 6 (14)
1 31 (41.3) 16 (50) 15 (34.9)
2 11 (14.7) 3 (9.4) 8 (18.6)
3 2 (2.6) 0 (0) 2 (4.6)
Unknown 17 (22.6) 5 (15.6) 12 (28)

Site of tumor, n (%) 0.36
Head 40 (53.3) 16 (50) 24 (55.8)
Body or tail 33 (44) 16 (50) 17 (39.5)
Unknown 2 (2.6) 0 (0) 2 (4.6)

Biliary drainage, n (%) 19 (25.3) 9 (28) 10 (23.2) 0.6
Liver metastasis, n (%) 54 (72) 23 (71.9) 31 (72) 0.98
Pulmonary metastasis, n (%) 24 (32) 11 (34.4) 13 (30) 0.7
Peritoneum metastasis, n (%) 18 (24) 6 (18.7) 12 (28) 0.35
Previous therapy for localized cancer
Adjuvant chemotherapy, n (%) 9 (12.0) 6 (18.7) 3 (7) 0.12
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Table 1. Cont.

Patients’ Characteristics All Patients
Non-Sarcopenic

Patients
Sarcopenic

Patients
p-Value

Pancreatic surgery, n (%) 10 (13.3) 6 (18.7) 4 (9.3) 0.23
CRP (mg/L), median (IQR) 13.6 (3.9–33.9) 13.5 (3.4–32.3) 15.1 (4.9–35.2) 0.8

Ca 19.9 (U/mL), median (IQR) 462.5
(48.9–3910.7)

425
(87.4–5179.5)

500
(39.2–1823) 0.08

CEA (ng/mL), median (IQR) 7 (3.8–29.7) 5.5 (3.3–12.6) 17.1 (6.3–36.6) 0.25
Total bilirubin (umol/L), median (IQR) 8.3 (5.5–16) 9.7 (6–16.5) 7.35 (5.3–15) 0.69
Albumin (g/L), median (IQR) 38.5 (34–41) 39 (36–42) 38 (33–40) 0.22

No differences were observed regarding tumor and metastasis localization, albumin, CRP, bilirubin, and CA
19–9 levels. Significant differences in mean BMI (22.3 kg/m2 vs. 25.3 kg/m2, respectively; p = 0.005) and mean
weight (64 kg vs. 73 kg; p = 0.002) were found between sarcopenia and non-sarcopenia patients. Mean skeletal
muscle L3 area (107.6 vs. 144.5; p < 0.0001) and SMI (34.7 vs. 48.9 for women and 40.8 vs. 49.6 for men; p < 0.0001)
were significantly different between the two groups.

3.2. Toxicity

In the overall population, 22.7% of patients (n = 17) experienced grade 3/4 hema-
tological adverse events (Table 2). The most common grade 3/4 hematological adverse
event was neutropenia or febrile neutropenia (12%) despite prophylactic treatment. Non-
hematological grade 3/4 adverse events occurred in 26.7% of patients (n = 20), including
diarrhea (n = 10), nausea (n = 5), vomiting (n = 3), and chemotherapy-induced neuropathy
(n = 2). There were no significant differences regarding the adverse effects between sar-
copenic and non-sarcopenic patients, except for anemia, which was significantly higher in
non-sarcopenic patients. Oxaliplatin and irinotecan were discontinued in 44% and 18.7% of
patients, respectively (Table 3). No significant differences were found in terms of treatment
reduction or discontinuation between the two groups.

Table 2. Toxicity in patients receiving FOLFIRINOX regimen for metastatic pancreatic carcinoma.

All Patients
(n = 75)

Non-Sarcopenic
Patients
(n = 32)

Sarcopenic
Patients
(n = 43)

p-Value

Neutropenia
Any grade 14 (18.6) 7 (21.9) 7 (16.3) 0.53
Grade ≥ 3 6 (8) 3 (9.4) 3 (7) 1
Febrile neutropenia
Any grade NA NA NA
Grade ≥ 3 3 (4) 2 (6.2) 1 (2.3) 0.57
Thrombopenia
Any grade 19 (25.3) 11 (34.4) 8 (18.6) 0.12
Grade ≥ 3 3 (4) 2 (6.2) 1 (2.3) 0.57
Anemia
Any grade 30 (40) 17 (53) 13 (30) 0.045
Grade ≥ 3 5 (6) 2 (6.2) 3 (7) 1
Diarrhea
Any grade 42 (56) 19 (59) 23 (53.5) 0.61
Grade ≥ 3 10 (13.3) 3 (9.4) 7 (16.3) 0.38
Nausea
Any grade 34 (45.3) 17 (53) 17 (39.5) 0.24
Grade ≥ 3 5 (6.7) 2 (6.2) 3 (6.9) 0.90
Vomiting
Any grade 21 (28) 9 (28.1) 12 (27.9) 0.98
Grade ≥ 3 3 (4) 1 (3.1) 2 (4.7) 1
Peripheral neuropathy
Any grade 51 (68) 24 (75) 27 (62.8) 0.26
Grade ≥ 3 2 (2.6) 2 (6.2) 0 (0) 0.17

NA: Not applicable.
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Table 3. Treatment interruption and dose reduction.

All Patients
n = 75

Non-Sarcopenic
Patients
n = 32

Sarcopenic
Patients
n = 43

p-Value

Oxaliplatin, n (%)
Dose reduction 38 (50.7) 18 (56.2) 20 (46.5) 0.4
Discontinuation 33 (44) 15 (46.9) 18 (41.9) 0.66
Irinotecan, n (%)
Dose reduction 29 (38.7) 10 (31.2) 19 (44.2) 0.25
Discontinuation 14 (18.7) 5 (15.6) 9 (20.9) 0.55
5-fluorouracil, n (%)
Dose reduction 14 (18.7) 5 (15.6) 9 (20.9) 0.55
Discontinuation 0 0 0 NA

3.3. Survival

The median number of cycles of FOLFIRINOX administrated was 10 (range: 1–58) in
the entire cohort, with no difference between sarcopenic and non-sarcopenic patients
(9 vs. 10, p = 0.83). There were no significant differences in terms of the median OS
(15.6 versus 14.1 months; 95% CI, 0.56–1.45; p = 0.36) or median PFS (10.3 vs. 9.3 months;
95% CI, 0.65–1.89; p = 0.83) between the non- and the sarcopenic patients (Figure 3).

Figure 3. Median OS (A) and PFS (B) in sarcopenic and non-sarcopenic patients receiving FOLFIRI-
NOX for metastatic pancreatic carcinoma.

There were numerically more patients in the sarcopenic group who had an early
death (25.6 versus 9.4%), within 4 months of diagnosis of metastatic pancreatic carcinoma,
although this did not reach a statistical significance (p = 0.07) (Table 4). Seventy-two percent
of sarcopenic patients who had a short-term death did not have a radiologically proven
disease progression. There was no difference between the two groups in the percentage of
deaths within 12 months of diagnosis.

At progression, 41.3% (n = 31) of patients received second-line chemotherapy (Table 5),
and 58.7% (n = 44) received best supportive care. Sarcopenic patients received significantly
less second-line chemotherapy than non-sarcopenic patients (30.2% vs. 56.3%, p = 0.02).
The second-line treatment was gemcitabine monotherapy for 11 patients (14.7%) and
gemcitabine plus nab-paclitaxel for 20 patients (26.7%). The median second OS (since
the start of the second-line chemotherapy) for sarcopenic and non-sarcopenic patients
was 12.3 months (5.9–16.6) in the patients receiving gemcitabine plus nab-paclitaxel, and
4.6 months (1.8–9.7) in the patients receiving gemcitabine monotherapy.
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Table 4. Early death in patients receiving FOLFIRINOX for metastatic pancreatic carcinoma.

All Patients
(n = 75)

Non-Sarcopenic
Patients
(n = 32)

Sarcopenic
Patients
(n = 43)

p-Value

Death within 4 months
from diagnosis, n (%)
Death before confirmed
radiological progression 10 (13.3) 2 (6.2) 8 (18.6) 0.08

Death before or after
confirmed radiological
progression

14 (18.6) 3 (9.4) 11 (25.6) 0.07

Death within 12 months
from diagnosis, n (%)
Death before confirmed
radiological progression 12 (16) 4 (12.5) 8 (18.6) 0.54

Death before or after
radiological progression 32 (42.7) 11 (34) 21 (48) 0.24

Table 5. Treatment at progression after FOLFIRINOX.

All Patients
n = 75

Non-Sarcopenic
Patients
n = 32

Sarcopenic
Patients
n = 43

p-Value

Best supportive care 44 (58.7) 12 (43.7) 30 (69.8) 0.02
Second-line therapy 31 (41.3) 18 (56.3) 13 (30.2) 0.02
Gemcitabine
monotherapy, n (%) 11 (14.7) 6 (18.7) 5 (11.6) 0.38

Gemcitabine plus
nab-paclitaxel, n (%) 20 (26.7) 12 (37.5) 8 (18.6) 0.06

4. Discussion

Our study evaluated the association between sarcopenia at baseline and survival in
75 patients with metastatic pancreatic cancer who received FOLFIRINOX as the first-line
therapy. We found no significant association between sarcopenia at baseline and OS or
PFS. These findings are inconsistent with previous reports from Kurita et al. [16], who
showed that sarcopenia at the time of diagnosis was an independent poor prognosis factor
in 82 patients with advanced pancreatic cancer. There might be several explanations for
these conflicting results. First, nearly half of the patients included in the study by Kurita
et al. had previously received systemic therapy for advanced pancreatic cancer, whereas
our study included only chemotherapy-naïve patients. Therefore, patients included in
our study might have had a better general condition. Secondly, as the study by Kurita
et al. involved an Asian population, the cut-offs used for the diagnosis of sarcopenia
(SMI < 45.3 cm2/m2 and 37.1 cm2/m2 for men and women, respectively) were different
than ours (SMI < 43 cm2/m2 for males with BMI < 25 kg/m2, <53 cm2/m2 for males
with BMI ≥ 25 kg/m2, and <41 cm2/m2 for women, regardless of BMI). One difficulty in
studying the impact of sarcopenia in clinical practice is the lack of consensus regarding
the SMI thresholds for diagnosis. We chose to use those reported by Martin et al. in a
large cohort of 1473 patients with lung or gastrointestinal tumors [11], but only 9.9% of
the included patients had pancreatic carcinoma, the vast majority of them having a colon
or rectum cancer. We might hypothesize that, because patients with pancreatic carcinoma
suffer from cachexia more often than those with colon or rectal cancer, the SMI thresholds
for the diagnosis of sarcopenia should be different. In another study including only obese
patients with a lung or gastrointestinal cancer, Prado et al. found different sex-specific SMI
cut-offs associated with mortality (52.4 cm2/m2 for men and 38.5 cm2/m2 for women) [9].
The narrative review by Bozzetti et al. reported that the cut-offs for defining sarcopenia
ranged from 36 to 55 cm2/m2 in men [12].
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In this study, we chose to include only patients who were treated with FOLFIRI-
NOX, which is a validated first-line standard for patients with an ECOG PS of 0 or 1. As
FOLFIRINOX is considered an aggressive regimen, it is recommended only for patients
in good general condition based on the oncologist’s clinical assessment. In our center, of
the 170 patients diagnosed with metastatic pancreatic cancer, only 44% ultimately received
FOLFIRINOX, with the remaining patients receiving 5-fluorouracil-based bichemotherapy
(21.2%), gemcitabine plus nab-paclitaxel (5.3%), gemcitabine monotherapy (4.7%), or exclu-
sive support care (8.9%). Of the 75 patients receiving FOLFIRINOX, 11 (14.7%) and two
(2.7%) had a reported ECOG PS of 2 and 3, respectively. These results should be interpreted
with caution, as the literature reports conflicting data regarding the reproducibility of the
ECOG PS scale [20,21]. In these 75 patients deemed eligible to receive FOLFIRINOX based
on the physician global assessment, sarcopenia was not a predictor of reduced PFS of OS.

In our study, sarcopenic patients received significantly less second-line chemotherapy
than non-sarcopenic patients, although there was no difference in the median OS between
the two groups. In metastatic pancreatic carcinoma, there are no large prospective ran-
domized studies of second-line chemotherapy after FOLFIRINOX failure, as most data are
from retrospective studies. In a prospective cohort of 57 patients receiving gemcitabine
plus nab-paclitaxel after FOLFIRINOX failure, Portal et al. [22] identified a median second
OS (since the start of the second-line chemotherapy) of 8.8 months. In our study, the
median second OS in sarcopenic and non-sarcopenic patients treated with gemcitabine
plus-paclitaxel was 12.3 months.

While sarcopenia at baseline was not a prognosis factor for OS or PFS in our study,
there was a trend toward a higher proportion of early deaths (within 4 months of diagnosis
of metastatic pancreatic carcinoma) in sarcopenic patients. This may argue for the early
detection of sarcopenia in patients undergoing chemotherapy, to improve the overall man-
agement of patients and attempt to reverse skeletal muscle loss and cachexia. Recently, the
APACaP trial randomized 313 patients with advanced pancreatic cancer, to chemotherapy
or chemotherapy plus adapted physical activity (APA) [23]. In this trial, APA was shown to
be feasible in patients with pancreatic carcinoma, and was associated with an improvement
in several quality-of-life dimensions. Moreover, there was a tendency for a longer OS and
PFS in the patients randomized to the APA arm, although this result did not reach a statisti-
cal difference. In a retrospective study including Japanese patients, Uemura et al. found
that the baseline sarcopenia in patients with advanced pancreatic adenocarcinoma who
received FOLFIRINOX was not associated with OS either [24]. However, these researchers
did report the negative impact of an early decrease in skeletal muscle mass on the OS,
which may indicate that, more than sarcopenia at diagnosis, maintaining muscle mass
throughout treatment is an important factor for improving survival.

Interestingly, the incidence of grade ≥ 3 adverse events was not significantly greater
in patients with sarcopenia in our study. Anemia occurred surprisingly more often in
patients without sarcopenia, but this should be interpreted with caution as we were unable
to identify patients who underwent a blood transfusion or treatment with erythropoietin-
stimulating agents. Various studies have reported an association between sarcopenia and
chemotherapy toxicity [25–27]. More specifically, sarcopenic obesity has been associated
with increased chemotherapy toxicity [27–30]. The administration of cytotoxic agents is
usually determined by the body surface area (BSA), calculated from weight and height. It
has been hypothesized that patients with obesity and sarcopenia would have a large BSA
despite a low lean body mass. Therefore, sarcopenic obese patients would receive a high
dose of chemotherapy despite a reduced volume of distribution [9]. We did not evaluate
the impact of sarcopenic obesity on FOLFIRINOX tolerability in our study as we included
only one obese sarcopenic patient.

Our study has several limitations. First, it is a single-center study, which could have
led to patient and treatment strategy selection bias. Second, it is a retrospective study with
missing data, especially regarding the toxicity assessment. Finally, as discussed above, one
of the major limitations to sarcopenia studies is the lack of consensus on the SMI threshold.
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To date, specific cut-offs for sarcopenia in patients with pancreatic cancer have not been
reported in large studies or meta-analyses.

5. Conclusions

Sarcopenia at the time of diagnosis does not affect OS, PFS, or chemotherapy toxicity
in selected patients receiving FOLFIRINOX for metastatic pancreatic carcinoma. Isolated
sarcopenia should not be an exclusion criterion for the triplet chemotherapy regimen in
patients deemed eligible by a comprehensive physician assessment. However, our results
show a trend toward early death in sarcopenic patients, which should advocate for the
early reversion of skeletal muscle loss as part of the global management of patients with
metastatic pancreatic carcinoma.
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Abstract: (1) Background: Percutaneous endoscopic gastrostomy (PEG) is a widely used long-term
enteral nutrition method, but little is known about the associated prognostic factors in patients with
PEG. Sarcopenia, a condition characterized by a loss of skeletal muscle mass, increases the risk of
developing various gastrointestinal disorders. Yet, the relationship between sarcopenia and the
prognosis after PEG remains unclear. (2) Methods: We conducted a retrospective study of patients
who underwent PEG consecutively from March 2008 to April 2020. We analyzed preoperative
sarcopenia and the prognosis of patients after PEG. We defined sarcopenia as a skeletal muscle index
at the level of the third lumbar vertebra of ≤29.6 cm2/m2 for women and ≤36.2 cm2/m2 for men.
Cross-sectional computed tomography images of skeletal muscle at the level of the third lumbar
vertebra were evaluated using DICOM image analysis software (OsiriX). The primary outcome was
the difference in overall survival after PEG based on the status of sarcopenia. We also performed
a covariate balancing propensity score matching analysis. (3) Results: Of 127 patients (99 men,
28 women), 71 (56%) were diagnosed with sarcopenia, and 64 patients died during the observation
period. The median follow-up period did not differ between patients with and without sarcopenia
(p = 0.5). The median survival time after PEG was 273 days in patients with sarcopenia and 1133 days
in those without (p < 0.001). Cox proportional hazard model analyses identified three factors that
were significantly associated with overall survival: sarcopenia (adjusted hazard ratio [HR]: 2.9, 95%
confidence interval [CI]: 1.6–5.4, p < 0.001), serum albumin level (adjusted HR: 0.34, 95% CI: 0.21–0.55,
p < 0.001) and male sex (adjusted HR: 2.0, 95% CI: 1.1–3.7, p = 0.03). Propensity score-matched
analysis (n = 37 vs. 37) showed that the survival rate was lower in the sarcopenia group than in the
non-sarcopenia group (at 90 days: 77% (95% CI, 59–88) vs. 92% (76–97), at 180 days: 56% (38–71) vs.
92% (76–97), and at one year: 35% (19–51) vs. 81% (63–91), p = 0.0014). (4) Conclusions: Sarcopenia
was associated with poor prognosis in patients having undergone PEG.

Keywords: sarcopenia; L3 skeletal muscle index; percutaneous endoscopic gastrostomy; prognostic
factor

1. Introduction

Percutaneous endoscopic gastrostomy (PEG), which was first described in 1980 [1], has
been widely used as a long-term enteral nutrition method for patients with malnutrition
due to dysphagia and maintained functional gut. PEG has fewer complications and
lower associated mortality than surgical gastrostomy and is a minimally invasive and safe
procedure that can be applied even in elderly and debilitated patients [2].

Although the severe complication rate of PEG is low, the procedure is sometimes asso-
ciated with early mortality. Risk factors associated with post-PEG prognosis may include
hypoalbuminemia, a history of aspiration pneumonia, and elevated C-reactive protein lev-
els [3–5]. Despite the high number of procedures performed, there is insufficient evidence
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to identify clear risk factors for poor prognosis in patients undergoing PEG. Knowing these
factors at baseline is key to reducing medical procedures and their associated expenses.

Sarcopenia was recognized as an independent condition with an International Classifi-
cation of Diseases-10 code in 2016 [6]. The prevalence of sarcopenia has increased, and it
has become a serious global public health concern for an aging society [7]. Sarcopenia is a
syndrome characterized by progressive and generalized loss of skeletal muscle mass and
strength with a risk of adverse outcomes such as physical disability, poor quality of life,
and poor prognosis. Recently, CT-defined sarcopenia, such as skeletal mass index at the
L3 level (L3-SMI), psoas muscle mass index at the L3 level (L3-PMI), and skeletal muscle
radiation attenuation at the L3 level (L3-MRA), became known as a prognostic factor in
patients with liver diseases and patients after surgery [8–14]. However, the relationship
between sarcopenia and prognosis in PEG patients is still unknown.

In this study, we evaluated whether the existence of sarcopenia at the time of under-
going PEG affects overall survival. We also investigated which of the sarcopenia indices,
including L3-SMI, L3-PMI, and L3-MRA, would be the most useful factor for demonstrating
the association with poor prognosis.

2. Materials and Methods

2.1. Study Design

We conducted a retrospective study of patients who consecutively underwent PEG
from March 2008 to April 2020 at the Jikei University Hospital (Tokyo, Japan). Patients
who had baseline cross-sectional abdominal computed tomography (CT) scans within one
month before or two weeks after PEG were included. Exclusion criteria were as follows:
(1) advanced pharyngeal, laryngeal, or esophageal cancer; (2) other malignant tumors
with palliative therapy; (3) unavailability of cross-sectional CT images at the third lumbar
vertebra (L3) level; (4) receiving PEG for a purpose other than nutritional support (i.e., the
decompression of the gastrointestinal tract); and (5) lack of clinical data for the analysis
(e.g., body height and laboratory data).

2.2. Diagnosis of Sarcopenia

L3-SMI derived from CT scan was used for the diagnosis of sarcopenia. L3-SMI is a
surrogate parameter for evaluating sarcopenia in study participants whose grip strength
and walking speed could not be measured (e.g., due to dementia and/or gait distur-
bance) [15,16]. The patients undergoing PEG at our institution routinely receive preop-
erative CT scans to verify the anatomical relationship between the stomach and adjacent
organs. In this study, a single image that included the spinous process of L3 was col-
lected from the preoperative CT image file for each patient. Then, the skeletal muscle
area (SMA) (cm2) was automatically quantified within a Hounsfield unit (HU) range of
−30 to 110 [17–20] using OsiriX DICOM viewer (version 12.0.3; Pixmeo SARL, Bernex,
Switzerland) after the intra-abdominal organs in that range were manually traced and
excluded (Figure 1A). SMA was normalized for body height in meters squared (m2) to
calculate the lumbar skeletal muscle index (SMI) (cm2/m2) [21–23]. In addition, L3-PMI
(psoas muscle area/body height2 [cm2/m2]) (Figure 1B) and L3-MRA (HU) (Figure 1C)
were also evaluated. To diagnose sarcopenia, we used L3-SMI cut-off values of 29.6 cm2/m2

for women and 36.2 cm2/m2 for men [24] and L3-PMI cut-off values of 3.92 cm2/m2 for
women and 6.36 cm2/m2 for men as previously reported [25], whereas the L3-MRA was
dichotomized by the median for each gender due to lack of appropriate cut-off values. All
measurements were performed by a single trained physician in a blinded manner.
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Figure 1. Representative CT images at the level of the third lumbar vertebra. The CT images of
patients with (A) (left) high and (right) low L3-SMI and (B) (above) high and (below) low L3-PMI.
The areas in green represent the region of skeletal muscle automatically annotated by OsiriX DICOM
viewer (version 12.0.3; Pixmeo SARL, Switzerland). (C) The images of the skeletal muscles with
(above) high and (below) low values of L3-MRA. The numbers in white squares denote the L3-MRA
values that present the average density values (HU) of the skeletal muscle mass at the L3 level. CT,
computed tomography; L3-SMI, skeletal muscle mass index at the level of the third lumbar vertebra;
L3-PMI, psoas muscle mass index at the level of the third lumbar vertebra; HU, Hounsfield Units;
and L3-MRA, muscle radiation attenuation at the level of the third lumbar vertebra.

2.3. Outcomes

The primary outcome was the difference in overall survival between patients with low
and high L3-SMI. Secondary outcomes were (1) the difference in overall survival between
patients with low and high L3-PMI, (2) the difference in overall survival between patients
with low and high L3-MRA, and (3) the difference in overall survival between patients
with low and high L3-SMI in a subgroup with the covariate balancing propensity score
matching (CBPS). Primary disease warranting PEG was selected from one of the follow-
ing: (a) Parkinson’s disease; (b) amyotrophic lateral sclerosis; (c) multiple system atrophy;
(d) other neurological disease; (e) cerebral infarction; (f) cerebral hemorrhage; (g) subarach-
noid hemorrhage; (h) other cerebrovascular disease; (i) dementia, and (j) other disease.

2.4. Statistical Analysis

Between-group differences in demographics and clinical data were evaluated using
the Chi square test or Fisher exact test for categorical variables and the Student t-test and
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Mann–Whitney U test for continuous variables. Overall survival was determined using the
Kaplan–Meier method. Cox proportional hazards regression model was used to determine
the relationship of explanatory variables with overall survival as hazard ratios (HR) and
95% confidence intervals (CI). The cut-off date was set for May 2021. In case of loss to
follow-up, the final date the patient was confirmed as alive was censored.

To control for confounding, the following variables were used as the explanatory vari-
ables in Cox proportional hazard regression analyses: (1) age (years), (2) sex (male/female),
(3) body mass index (BMI) (kg/m2]), (4) serum albumin level (g/dL), (5) C-reactive protein
(mg/dL), (6) total lymphocyte count [26], and (7) previous history of pneumonia (yes/no).
Continuous variables were categorized into binary variables: <1.0 and ≥1.0 (mg/dL) for
C-reactive protein (4) and <1.5 and ≥1.5 (×109/L) for total lymphocyte count [26]. Bayesian
information criterion was used for model selection. CBPS was performed using ‘CBPS’
package in R using nearest-neighbor matching (1:1 ratio) with a caliper width of 0.2 of the
SD of the logit of the score. Matched variables were (1) age (years), (2) sex (male/female),
(3) serum albumin level (g/dL), (4) C-reactive protein (mg/dL), (5) total lymphocyte count
(TLC) (mg/dL), and (6) previous history of pneumonia (yes/no).

Log-rank test was applied to compare overall survival between groups after matching.
Sensitivity analysis was performed for the cut-off values, binarization of variables, the
method selecting explanatory variables used for multivariate analysis, and survival analysis
when propensity score was used as a covariate instead of matching. Two-tailed tests were
used to compare two groups, and p < 0.05 was considered significant. All statistical
analyses and graphing were carried out using R version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria) online.3.

3. Results

3.1. Patients Enrollments

Of the 410 patients who underwent PEG during the study period, 283 met at least one
of the exclusion criteria, so 127 were selected for analysis. Of these 127 patients, 71 cases
(56%) were classified as low L3-SMI, 101 cases (80%) as low L3-PMI, and 63 cases (50%) as
low L3-MRA (Figure 2).

Figure 2. Flow diagram of the study selection process.
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PEG, percutaneous endoscopic gastroplasty; CT, computed tomography; L3-SMI,
skeletal muscle mass index at the level of the third lumbar vertebra; L3-PMI, psoas muscle
mass index at the level of the third lumbar vertebra; and L3-MRA, skeletal muscle radiation
attenuation at the level of the third lumbar vertebra.

3.2. Patients Characteristics

Table 1 shows the characteristics of all patients and each group based on the status of
L3-SMI, L3-PMI, and L3-MRA. The low L3-SMI group was significantly older (p = 0.04) and
had lower BMI (p < 0.001) compared with the high L3-SMI group. There was no difference
in albumin levels between these two groups (p = 0.2). Men (p = 0.001) were significantly
more represented in the low L3-PMI group. The high L3-PMI group had significantly lower
albumin levels (p = 0.03), cholinesterase (p = 0.002), and platelets (p = 0.002).

Table 1. Difference in background characteristics of the patients in high and low groups of L3-SMI,
L3-PMI, and L3-MRA.

L3-SMI L3-PMI L3-MRA

Factor High Low p
Value

High Low p
Value

High Low p
Valuen 56 71 26 101 63 64

Sex, n (%) Female 20 (35.7) 18 (25.4)
0.2

15 (57.7) 23 (22.8)
0.001

19 (30.1) 18 (28.1)
1Male 36 (64.3) 53 (74.6) 11 (42.3) 78 (77.2) 44 (70.0) 46 (71.9)

Age, mean (SD) years 70.0 (14.3) 75.4 (14.5) 0.04 71.0 (11.5) 73.5 (15.3) 0.4 71.8 (15.3) 74.2 (13.9) 0.4
Body height,
mean (SD) cm 159.9 (9.3) 161.1 (9.1) 0.5 157.1 (7.6) 161.5 (9.4) 0.03 160.4 (8.4) 161.1 (10.0) 0.7

Body weight,
mean (SD) kg 56.1 (15.2) 49.9 (11.6) 0.01 52.8 (14.1) 52.6 (13.6) 0.9 50.0 (12.2) 55.3 (14.6) 0.03

BMI, mean (SD) kg/m2 21.7 (4.3) 19.1 (3.7) <0.001 21.2 (4.9) 20.0 (3.4) 0.2 19.2 (3.7) 21.2 (4.4) 0.01
Pneumonia,

n (%)
No 38 (67.9) 34 (47.9)

0.03
18 (69.2) 54 (53.5)

0.2
33 (52.4) 38 (60.3)

0.5Yes 18 (32.1) 37 (52.1) 8 (30.8) 47 (46.5) 30 (47.6) 25 (39.7)
Total protein,

mean (SD) g/dL 6.4 (0.8) 6.3 (0.8) 0.6 6.5 (0.6) 6.3 (0.8) 0.1 6.4 (0.8) 6.2 (0.8) 0.4

Serum albumin,
mean (SD) g/dL 3.0 (0.6) 2.9 (0.6) 0.2 3.2 (0.5) 2.9 (0.6) 0.03 3.0 (0.6) 2.8 (0.6) 0.04

Serum TC,
mean (SD) mg/dL 48.8 (90.6) 64.5 (84.6) 0.5 47.8 (71.8) 60.0 (89.1) 0.7 43.6 (71.3) 80.6 (102.2) 0.09

Serum ChE,
mean (SD) U/L 201 (743.7) 183.1 (80) 0.2 2364 (69) 180.8 (76) 0.002 198 (78) 183.2 (77) 0.3

Serum CRP,
mean (SD) mg/dL 1.2 (2.2) 1.8 (2.4) 0.2 1.1 (1.6) 1.6 (2.4) 0.3 1.1 (1.7) 1.9 (2.7) 0.04

PNI, mean (SD) 36.5 (6.9) 35.7 (7.6) 0.5 38.3 (5.6) 35.5 (7.6) 0.09 36.9 (7.1) 35.1 (7.4) 0.2
Hemoglobin,

mean (SD) g/dL 11.7 (1.8) 11.1 (2.0) 0.08 11.9 (1.7) 11.2 (1.9) 0.1 11.7 (1.9) 11.0 (1.9) 0.03

Platelet,
mean (SD) ×109/L 261 (121) 233 (106) 0.2 306 (146) 230.1 (99) 0.002 258 (134) 230.9 (87) 0.2

WBC,
mean (SD) ×109/L 6.4 (2.0) 9.4 (21.8) 0.3 6.8 (1.7) 8.4 (18.3) 0.7 6.4 (2.4) 9.7 (23.0) 0.3

TLC, mean (SD) ×109/L 1.3 (0.5) 1.4 (0.7) 0.3 1.4 (0.5) 1.4 (0.7) 0.8 1.3 (0.6) 1.4 (0.7) 0.5

L3-SMI, skeletal muscle mass index at the third lumbar level; L3-PMI, psoas muscle mass index at the third lumbar
level; L3-MRA, skeletal muscle radiation attenuation at the third lumbar level; SD, standard deviation; BMI, body
mass index; TC, total cholesterol; ChE, Choline esterase; CRP, C-reactive protein; PNI, Onodera’s prognostic
nutritional index; WBC, white blood cell count; and TLC, total lymphocyte count.

3.3. Overall Follow-Up Period and Events

The median follow-up period was 716 (502–941) days, during which 64 patients (50.4%)
died. The median overall survival was 666 (387–992) days. The overall survival rate was
95.2% (89.7–97.8) at 30 days, 90.3% (83.6–94.4) at 60 days, 83.6% (75.7–89.1) at 90 days, and
60.1% (50.3–68.6) at 180 days. The median follow-up period did not differ significantly
between the low and high groups in each of the three indices: L3-SMI, 645 (356–945) vs.
811 (411–972) days (p = 0.5); L3-PMI, 889 (455–1240) vs. 694 (411–941) days (p = 0.6); and
582 (52–NA) vs. 943 (688–1378) days (p = 0.052).

Of the 64 deaths, 46 deaths were observed in the low L3-SMI group, and 18 deaths
were observed in the high L3-SMI group. Among the 46 deaths in the low L3-SMI group,
the cause of death was identified in 38 patients. The most frequent cause of death was
pneumonia (n = 29), and the other deaths were due to cardiovascular disease (n = 2), renal
failure (n = 1), gastrointestinal necrosis (n = 1), superior mesenteric artery embolism (n = 1),
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and death due to primary disease (n = 4). Among the 18 deaths in the high L3-SMI group,
the cause of death was identified in 13 patients. Six patients died of pneumonia. Other
deaths were due to cardiovascular disease (n = 2), hepatic failure (n = 1), gastrointestinal
bleeding (n = 1), and death of primary disease (n = 3). No PEG-related death was observed
in either group. The pneumonia mortality rate tended to be higher in the Low L3-SMI
group though the difference was not statistically significant (Low SMI group vs. High SMI
group = 76.3% vs. 46.2%; p = 0.08).

3.4. Survival Rates and Log-Rank Analyses at 90 and 180 Days and One Year

The median survival was significantly shorter in the low SMI group than in the high
SMI group: 273 (95% CI, 163–638) vs. 1133 (666–NA) days; p < 0.001 (Figure 3A). The
survival rate at 90 days was 75.4% (63.4–83.9) in the low L3-SMI group vs. 94.4% (83.6–98.2)
in the high L3-SMI group, 60.1% (47.4–70.7) vs. 92.4% (80.9–97.1) at 180 days and 43.7%
(31.3–55.3) vs. 82.8% (68.2–91.1) at one year of follow-up.

Figure 3. Kaplan–Meier survival curves in patients with and without sarcopenia. Kaplan–Meier
survival curves for (A) High L3-SMI and Low L3-SMI, (B) High L3-PMI and Low L3-PMI, (C) High L3-
MRA and Low L3-MRA, and (D) High L3-SMI and Low L3-SMI after covariate balancing propensity
score matching.

148



J. Clin. Med. 2023, 12, 3360

The median survival was significantly shorter in the low PMI group than in the high
PMI group: 387 (245–863) vs. 1133 (736–NA) days; p = 0.0021 (log-rank test) (Figure 3B).
The survival rate at 90 days was 79.4% (69.9–86.2) in the low L3-PMI vs. 100% (NA–NA)
in the high L3-PMI group, 68.4% (58.0–76.8) vs. 95.8% (73.9–99.4) at 180 days, and 50.9%
(39.9–60.9) vs. 95.8% (73.9–99.4) at one year.

The overall survival did not differ significantly between the low and high MRA group
(median survival days, 638 (278–867) vs. 1133 (274–NA) days; p = 0.2 (log-rank test))
(Figure 3C). We observed no difference between the two groups in the 90-day survival rate
(85.0% (73.2–91.9) vs. 83.5% (71.5–90.8)), 180-day survival rate (74.5% (61.3–83.8) vs. 74.7%
(61.5–83.9)) or the one-year survival rate (60.6% (46.3–72.2) vs. 60.6% (46.3–72.2)).

Sarcopenia was defined by (A) L3-SMI, (B) L3-PMI, and (C) L3-MRA in all patients
(n = 127). (D) Subgroup analysis with propensity score matching of known prognostic
predictors (high vs. low L3-SMI) (n = 74). The color bands represent a 95% confidence
interval in each group. L3-SMI, skeletal muscle mass index at the level of the third lumbar
vertebra; L3-PMI, psoas muscle mass index at the level of the third lumbar vertebra; and
L3-MRA, skeletal muscle radiation attenuation at the level of the third lumbar vertebra.

3.5. Univariate and Multivariate Cox Proportional Hazard Analyses

In univariate analyses, L3-SMI, L3-PMI, and all known risk factors (male sex, age, BMI,
hypoalbuminemia, total lymphocyte count < 1.5 × 109/L, C-reactive protein ≥ 1.0 mg/dL
and underlying pneumonia) emerged as predictive factors related to poor prognosis
(Table 2). In multivariate analyses, low L3-SMI, male sex, and hypoalbuminemia were
independent risk factors for poor overall survival.

Table 2. Results of univariate and multivariate Cox proportional hazard regression analysis.

Univariate Cox Proportional Hazard
Regression Analysis

Multivariate Cox Proportional Hazard
Regression Analysis *

Variables HR (95% CI) p Value Adjusted HR (95% CI) p Value

L3-SMI, low group 2.8 (1.6–4.8) <0.001 2.9 (1.6–5.4) <0.001
L3-PMI, low group 3.2 (1.5–7.1) 0.004 (-)
L3-MRA, low group 1.4 (0.9–2.4) 0.2 (-)
Sex, male 1.8 (1.0–3.3) 0.046 2.0 (1.1–3.7) 0.03
Age, per year 1.9 (1.2–3.2) 0.01 (-)
BMI, per kg/mm2 0.94 (0.89–1.0) 0.049 (-)
Serum albumin, per g/dL 0.34 (0.21–0.56) <0.001 0.34 (0.21–0.55) <0.001
TLC, <1.5 ×109/L 1.8 (1.0–3.0) 0.04 (-)
Serum CRP, ≥1.0 mg/dL 2.5 (1.5–4.1) 0.0004 (-)
Underlying pneumonia, yes 1.9 (1.1–3.2) 0.02 (-)

* In the multivariate analysis, explanatory variables were selected using Bayesian information criterion. HR,
hazard ratio; CI, confidence interval; L3-SMI, skeletal muscle mass index at the third lumber level; L3-PMI, Psoas
muscle mass index at the third lumber level; L3-MRA, Muscle radiation attenuation at the third lumber level;
BMI, body mass index; CRP, C-reactive protein; PNI, Onodera’s prognostic nutritional index; WBC, white blood
cell count; and TLC, total lymphocyte count.

3.6. Covariate-Balancing Propensity Score Matching Analyses

Based on the covariate balancing propensity scores, the two groups were matched
using the covariates of age, gender, BMI, the coexistence of pneumonia, albumin level,
CRP, and lymphocyte count, and 37 patients were selected from each group. Most of the
standardized mean differences for the matched factors decreased after matching (Table 3).
The log-rank analysis revealed that the overall survival was significantly shorter in the
low SMI group (254 (95% CI, 124–538) vs. 1341 (604–NA) days; p = 0.0014) (Figure 3D).
The survival rate at 90 days was 77.1% (59.3–87.8) in the low L3-SMI group vs. 91.5%
(75.8–97.2) in the L3-SMI group, 56.3% (38.3–71.0) vs. 91.5% (75.8–97.2) at 180 days, and
34.7% (19.2–50.6) vs. 81.3% (62.9–91.2) at one year of follow-up.
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Table 3. Difference in background characteristics of the patients between low and high L3-SMI group
before- and after-covariate balancing propensity score matching.

Before-Matching After-Matching

Factor High L3-SMI Low L3-SMI SMD High L3-SMI Low L3-SMI SMD

n 56 71 37 37

Matched
variables

Sex, n (%) Female 20 (35.7) 18 (25.4)
0.226

13.0 (35.1) 11.0 (29.7)
0.116Male 36 (64.3) 53 (74.6) 24.0 (64.9) 26.0 (70.3)

Age, mean (SD) years 70.0 (14.3) 75.4 (14.5) 0.374 73.1 (13.0) 73.2 (17.5) 0.009
BMI, mean (SD) 21.7 (4.3) 19.1 (3.7) 0.644 21.3 (4.7) 20.6 (4.1) 0.15

Pneumonia,
n (%)

No 38 (67.9) 34 (47.9)
0.413

22.0 (59.5) 24.0 (64.9)
0.112Yes 18 (32.1) 37 (52.1) 15.0 (40.5) 13.0 (35.1)

Albumin,
mean (SD) g/dL 3.0 (0.6) 2.9 (0.6) 0.235 2.9 (0.6) 3.0 (0.7) 0.072

CRP, mean (SD) mg/dL 1.2 (2.2) 1.8 (2.4) 0.257 1.3 (2.5) 1.4 (2.4) 0.075
TLC, mean (SD) ×109/L 1.3 (0.5) 1.4 (0.7) 0.176 1364.9 (529.8) 1224.3 (530.4) 0.265
Non-matched

variables
Body height,
mean (SD) cm 159.9 (9.3) 161.1 (9.1) 0.134 8.8 (8.8) 161.6 (8.7) 0.341

Body weight,
mean (SD) kg 56.1 (15.2) 49.9 (11.6) 0.462 15.2 (15.2) 54.0 (12.7) 0.005

Total protein,
mean (SD) g/dL 6.4 (0.8) 6.3 (0.8) 0.098 1.0 (0.9) 6.2 (0.7) 0.146

PNI, mean (SD) 36.5 (6.9) 35.7 (7.6) 0.114 6.9 (6.9) 35.6 (7.8) 0.033
ChE, mean (SD) U/L 201.8 (73.7) 183.1 (79.6) 0.244 64.1 (64.1) 200.1 (88.5) 0.173
WBC, mean (SD) ×109/L 6.4 (2.0) 9.4 (21.8) 0.193 1842.9 (1842.9) 11,329.7 (30,116.8) 0.241

Hemoglobin,
mean (SD) g/dL 11.7 (1.8) 11.1 (2.0) 0.315 1.8 (1.7) 11.0 (2) 0.182

Platelet count,
mean (SD) ×109/L 261.7 (121.4) 233.0 (105.8) 0.252 13.7 (13.7) 23.8 (8.1) 0.299

L3-SMI, skeletal muscle mass index at the third lumber level; SMD, standardized mean difference; SD, standard
deviation; BMI, body mass index; CRP, C-reactive protein; PNI, Onodera’s prognostic nutritional index; WBC,
white blood cell count; and TLC, total lymphocyte count.

3.7. Correlation between Sarcopenia-Related Indices and Relationship with Body Mass Index

The correlation coefficient between sarcopenia-related indices and BMI is described in
Figure 4. A very strong correlation was observed between L3-SMI and L3-PMI (r = 0.71,
p < 0.001), and each of them showed a moderate correlation with BMI (L3-SMI, r = 0.48,
p < 0.001; L3-PMI, r = 0.45, p < 0.001; L3-MRA, r = −0.13, p = 0.1). This trend was observed
irrespective of gender. Meanwhile, the relationships between L3-MRA and L3-SMI, L3-PMI,
and BMI, respectively, was weak (L3-SMI, r = 0.28, p = 0.002; L3-PMI, r = 0.15, p = 0.09; BMI,
r = −0.13, p = 0.1) (Figure 4).

Figure 4. Cont.
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Figure 4. Correlations between each sarcopenia-related indices and between each index and body
mass index. Scatterplots for (A) L3-SMI and L3-PMI, (B) L3-SMI and L3-MRA, and (C) L3-PMI and
L3-MRA, (D) BMI and L3-SMI, (E) BMI and L3-PMI, and (F) BMI and L3-MRA. Red dots denote
female patients, and blue dots show male patients. The black line represents a linear regression line;
the region in gray denotes 95% CIs. L3-SMI, skeletal muscle mass index at the level of the third
lumbar vertebra. L3-PMI, psoas muscle mass index at the level of the third lumbar vertebra; and
L3-MRA, skeletal muscle radiation attenuation at the level of the third lumbar vertebra; and BMI,
body mass index.

4. Discussion

To the best of our knowledge, this is the first study to identify preoperative sarcopenia
as a prognostic factor for poor survival after PEG in geriatric patients. Hypoalbumine-
mia was previously established as a prognostic factor associated with PEG, but in this
study, sarcopenia emerged as a new prognostic factor associated with PEG independent of
hypoalbuminemia.

In the literature, sarcopenia and prognosis have been positively and negatively associ-
ated. CT-defined sarcopenia has been known as a prognostic predictor of several hepatic
diseases [13,24,27–30], yet sarcopenia does not always worsen survival [31–33]. In our
study, sarcopenia negatively affected the prognosis in patients who underwent PEG.

Although there was no significant difference observed in the univariate analysis of
L3-SMI with respect to the presence of underlying pneumonia (Supplementary Table
S1), pneumonia-related death tended to be more frequent in patients with sarcopenia.
Sarcopenia has been identified as a risk factor for pneumonia because of poor chewing
and swallowing functions, delayed mobilization, dysphagia, or difficulty in clearing the
airway [34]. Sarcopenia is also associated with reduced glutamine production, leading to
intestinal dysfunction and infectious complications [35]. These factors may be related to
higher mortality related to pneumonia after PEG in patients with sarcopenia.
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In this study, among the indicators of sarcopenia, L3-SMI showed significant differ-
ences in multivariate analysis. We only diagnosed sarcopenia by skeletal muscle mass in CT
images and did not evaluate other factors of sarcopenia. Grip strength and walking speed
are commonly used as diagnostic indicators for sarcopenia, but it would be difficult to
measure such muscle function in PEG patients because of their severe frailty. However, the
correlation between L3-SMI and grip strength has been already reported [36], and L3-SMI
has been discerned as an important indicator of sarcopenia. Thus, it was appropriate to use
CT images, which are objective and usually taken preoperatively for patients with PEG,
for the evaluation of sarcopenia in our study. L3-SMI may be the most suitable factor for
predicting prognosis, especially for evaluating sarcopenia in PEG patients.

Median survival did not differ significantly between the low and high L3-MRA groups
in this study. A recent study concluded that low L3-MRA, which equally demonstrates
sarcopenic obesity, was also associated with higher mortality in patients with hepatocellular
carcinoma [24], but we could not confirm that observation. The reason L3-MRA did
not affect prognosis in our study may be the limitations of assessing L3-MRA in PEG
patients. Since L3-MRA is a method for evaluating tissue components using the CT value of
skeletal muscle, it may fluctuate due to the influence of the CT value. In cases with strong
edematous changes, as in PEG patients who may have constitutional edema associated with
hypoalbuminemia, the CT value in the muscle is expected to decrease due to an increase in
water content, and this might affect the L3-MRA level in our study.

In order to minimize the influence of potential confounding variables, we evaluated
the prognostic impact of preoperative sarcopenia using CBPS and sensitivity analysis. This
analysis provided additional evidence that can support and strengthen the relationship
between sarcopenia and poor prognosis and demonstrated that sarcopenia was a robust
prognostic factor after PEG compared to other known prognostic factors (Supplemen-
tary Table S2).

From our result, assessing sarcopenia in addition to existing independent prognostic
factors of PEG may provide important information for patients and their families to discuss
the indication of PEG. Evaluating sarcopenia at baseline may lead to the development
of tailored preventive strategies, such as early nutritional interventions, physical exer-
cise programs, and individualized care plans for patients with sarcopenia who undergo
PEG placement.

This study has limitations. 1. The major population of PEG in the present study
was non-malignancy patients with dysphagia (such as Parkinson’s disease, amyotrophic
lateral sclerosis, multiple system atrophy, and other neurological diseases). We excluded
malignancy patients in this study because prognosis can vary depending on cancer stage
classification in malignancy patients. Our result may only be limited to non-malignancy
patients. 2. Primary and secondary sarcopenia were not distinguished in this study. The
results may differ if they were considered separately. Although most of the patients were
considered to have secondary sarcopenia associated with malnutrition, low activity, and
diseases, it was difficult to distinguish them retrospectively. 3. We excluded patients
without pre-procedural CT in this study. It was unclear why procedural CT was not
performed in these patients. Although the patients’ BMI and survival were similar between
patients with and without pre-procedural CT (BMI: 19.7 vs. 19.3, p = 0.3, survival days:
384 days vs. 416 days, p = 0.5), this exclusion may introduce bias in patient selection. 4. We
only included cases with plain CT, as skeletal muscle measurements could be influenced
by the use of contrast agent in contrast CT, which may result in selection bias [37]. 5. The
cut-off value may not be appropriate in this study. We used the previously reported Asian
cut-off value because an association of sarcopenia with PEG patients has not been reported.
Since the general condition and nutritional status of patients undergoing PEG tend to be
poor, new cut-off values for defining sarcopenia in PEG patients may be considered.
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5. Conclusions

In conclusion, the presence of preoperative sarcopenia was identified as an indepen-
dent prognostic factor for patients undergoing PEG. Assessing sarcopenia may provide
important information for the indication of PEG and may lead to the development of
tailored preventive strategies in an increasingly aging society.
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