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Simple Summary: Epstein-Barr virus (EBV)-associated gastric cancer is accepted as a distinct entity
among gastric adenocarcinomas. It is particularly frequent in gastric remnant cancer (GCR), defined
as cancer in the gastric stump several decades after distal gastric resection for benign disease. Gastric
cancer in the West is a comparatively rare disease, and most of the published data stem from the
East. Using population-based data from the West spanning the years from 2001 to 2016, we were
able to show that a significantly higher proportion of GRCs compared to non-GRC proximally
located cancers were EBV-positive, even in the West. The mode of presentation and findings at
upper endoscopy were more subtle and differed significantly from proximally located non-GRC
cancers, possibly making the GRCs more difficult to diagnose.

Abstract: Epstein—Barr virus (EBV) is associated with 5-10% of gastric cancers and is recognized as
a distinct molecular subtype. EBV positivity is particularly high in gastric remnant cancer (GRC),
which may inform the mode of clinical presentation and findings at endoscopy. Most data are from
the East, and the question remains how this applies to a Western cohort. We conducted a population-
based study in Central Norway, 2001-2016. Patients with GRC (n = 78) and patients with non-GRC
proximally located cancer and available tissue for EBV status (n =116, control group) were identified
from the Norwegian Cancer Registry. Relevant data were collected from the individual patient
journals. EBV status was assessed using in situ hybridization. The median latency time from the
distal gastrectomy to GRC was 37.6 (range 15.7-68.0) years. GRC more often presented with GI
bleeding, 31.0% vs. 16.1%, p =0.017, and at endoscopy more seldom with an ulcer, 19.7% vs. 38.2%,
p =0.012, or a tumour, 40.8% vs. 66.4%, p < 0.001. For GRC, 18.7% were EBV-positive compared to
6.0% among the controls, p = 0.006. EBV status was not associated with patient age, sex, or Lauren
histological type. No difference in long-term survival rates between GRC and controls was found
or between EBV-positive vs. -negative GRCs. In conclusion, a higher proportion of GRC cases,
compared to controls, are EBV positive, indicating different causative factors. The mode of clinical
presentation and findings at endoscopy were more subtle in the patients with GRC.

Keywords: gastric remnant cancer; Epstein-Barr virus; survival

1. Introduction

The first report of Epstein—Barr virus (EBV)-associated gastric malignancy (lympho-
epithelial carcinoma) was published in 1990 by Burk et al. [1]. Two years later, this was
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corroborated for gastric adenocarcinomas [2]. It was demonstrated how the EBV genome
resides in gastric cancer cells and the surrounding dysplastic epithelium, leaving the
normal gastric mucosa unaffected, thus adding to the list of EBV-associated malignancies
[3]. In 2014, EBV-positive gastric cancer was acknowledged as a distinct molecular
subtype in the Cancer Genome Atlas Network [4]. The reported frequency of EBV
positivity in gastric adenocarcinomas features great variation, and, in a recent meta-
analysis, a pooled prevalence of 8.8% (95% CI 7.7-9.9) was estimated in a random-effects
model [5]. The mechanism through which the EBV inflicts gastric carcinoma is still a
matter of debate. The majority of the adult population has serological evidence of previous
EBV infection as demonstrated by the presence of IgG antibodies, yet only a minor
proportion proceeds to develop EBV-associated gastric cancer. One main theory suggests
a mechanism whereby saliva, hosting infected B-lymphocytes and epithelial cells, reaches
the stomach and directly contributes to infection. Another theory advocates that the
reactivation of dormant infected B-cells buried in the gastric mucosa may occur, thereby
releasing the oncogenic EBV genome into the gastric cells, as recently summarized in a
review by Sun et al. [6]. The result is a carcinoma that is formed by the monoclonal
proliferation of EBV-positive tumour cells.

The propensity for adenocarcinoma to develop in the remainder of the stomach
following partial gastrectomy was described more than a century ago [7] and coined with
the name gastric remnant cancer (GRC). The definition has by some authors been
restricted to cancers following distal gastrectomy for benign disease, whereas malignant
disease has been included by others [8]. In a meta-analysis, the risk appeared to be
independent of whether a Billroth I or a Billroth II reconstruction had been performed [9].
The relevance of GRC as a separate entity has been questioned since some disease
characteristics and prognoses do not seem to differ from gastric cancers in general [10,11].
The aetiology of GRC, however, may differ from that of non-GRCs.

Long-term exposure of the gastric mucosa to bile acids due to pronounced duodeno-
gastric reflux is perceived to have a carcinogenic effect [12,13]. Gastro-jejunostomy was
proven carcinogenic in a rat model, a risk further enhanced by proton pump inhibitor-
induced hypoacidity and hypergastrinemia [14]. Conceivably, chronic bile reflux gastritis
subsequent to a Billroth I or II reconstruction may increase mucosal vulnerability and
facilitate EBV invasion of the gastric epithelium [15,16]. A markedly higher proportion of
GRCs than non-GRCs was found to be EBV-positive in a recent meta-analysis of mainly
Eastern patient cohorts [17]. In addition, symptoms and endoscopic findings at diagnosis
may differ between GRC and non-GRC gastric cancers, thereby justifying GRC as a
distinct clinical entity.

This study aimed to assess the prevalence of EBV infection in GRC tissue as well as
clinical and endoscopic characteristics in patients with GRC in a Western population and
to contrast the findings to patients with a non-GRC proximal gastric cancer in the same
population. To the best of our knowledge, no such population-based study from a Western
cohort has been published during the last three decades.

2. Materials and Methods
2.1. Study Design and Data Source

We have previously reported population-based data from central Norway on
patients diagnosed with gastric cancer (n = 1217), including Siewert types Il and III, from
2001 to 2016 [18,19]. In short, the patients were identified by a combined search in the
Norwegian Cancer Registry (NCR) and the Norwegian Patient Register (NPR) databases.
By using the 11-digit identification number unique to each citizen, the individual
electronic patient journals (EPJs) were reviewed, and patients with diagnoses other than
adenocarcinoma could be excluded. For the remaining patients, relevant information
including survival data were obtained from the EPJs. The present study was concerned
with the subset with GRC and the aspects relating to EBV positivity.
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Gastric adenocarcinoma in patients with previous distal gastrectomy due to either
benign or malignant disease was defined as GRC, n = 78 (6.4%). Demographic data,
indication for the index distal gastrectomy (benign or malignant disease), the date of this
resection, and the method of reconstruction, have recently been published [20]. Based on
estimates of EBV positivity in Eastern patient cohorts [17] and power calculations, n =116
patients among the proximal non-GRCs with available tissue blocks for EBV
histopathological analyses were randomly selected to serve as the control group (SPSS
random case selection process). Proximal non-GRCs were chosen, since differences in the
rate of EBV positivity between distal and proximal gastric cancers are well known [5,15,17]
and since the aetiology and risk factors of gastric cancers also differ between locations
within the stomach [21,22]. The EPJs were then revisited, and the following additional
information was extracted for the purpose of this study: the indication for referral to upper
endoscopy for the present cancer diagnosis and the findings at endoscopy. A MAGIC-
style regimen of perioperative chemotherapy was since 2007 offered to medically fit
patients under 75 years with clinical stage I-III disease [23]. Resection surgery included
by default a modified D2 lymphadenectomy, and, for patients with GRC, a gastrectomy
with esophago-jejunostomy Roux-Y reconstruction was implicit.

Censoring day was 1 February 2023, allowing for a minimum follow-up of 6 years
and 7 months.

2.2. Histopathology and EBV In Situ Hybridization

Histological sections stained with haematoxylin and eosin were reviewed from all
patients by an experienced pathologist (PM), and the carcinomas were classified according
to Lauren [24]. EBV in situ hybridization (ISH) was performed on sections cut from
formalin-fixed paraffin-embedded tissue. Sections were deparaffinized and underwent
enzyme treatment with ISH Protease 3 (Catalogue number 780-4149, Roche Diagnostics
GmbH, Mannheim, Germany). The probe against EBV-encoded RNA (INFORM EBER,
Epstein—Barr Virus Early RNA probe, kat.nr: 800-2842, Roche, Basel, Switzerland) was
used, and the complex was visualized (VENTANA ISH iVIEWsue Detection Kit, kat.nr:
800-092, Roche). Sections were counterstained (Red Counterstain II, kat.nr: 780-2218,
Roche) and examined by an experienced pathologist (PM).

2.3. Statistical Analyses

Continuous variables were summarized using the median (range) and compared
using the Mann-Whitney U test. Categorical variables were tabulated and analysed by the
chi-square test. Survival curves were constructed with the Kaplan-Meier method and
compared using the log-rank test. A p-value < 0.05 was considered significant. Statistical
analyses were performed using SPSS version 29.0.1 (IBM, Armonk, NY, USA).

2.4. Ethics Approval

The gastric cancer projects were approved by the Regional Committee for Medical
and Health Research Ethics (2011/1436 and 2016/2173).

3. Results
3.1. Patients Demographics, Tumour-, and Treatment Variables

As previously reported, the median time elapsed from the index distal gastrectomy
to the occurrence of GRC was 37.6 (15.7-68.0) years [20]. Of the 78 patients with GRC, 76
(97.4%) had their index operation for benign peptic ulcer disease and two (2.6%) for
malignant disease. Information on the method of reconstruction was available in 73
patients, with 64 (87.7%) ad modum Billroth I, 8 (11.0%) ad modum Billroth I, and one
patient in a Roux-Y configuration [20]. Patients with GRC were older than patients with
proximal non-GRC, median 79 years vs. median 72 years, p = 0.005 (Table 1). The
proportion of men was higher among patients with GRC, 83.3% versus 69.8%, p = 0.033.
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The Lauren distribution, surgical treatment offered, and (y)pTNM-stage distribution did
not differ significantly between GRC and proximal non-GRC patients. A significantly
lower proportion of patients with GRC, however, received perioperative chemotherapy
or palliative chemotherapy at any time, likely due to the significantly higher median age
(Table 1).

Table 1. Patient and tumour characteristics of GRC vs. proximal non-GRC (controls), n (%).

Variable GRC,n=78 Proximal Non-GRC, n =116 p-Value

Median age, years (range) 79 (52-95) 72 (38-93) 0.005
Male sex 65 (83.3) 81 (69.8) 0.033
(y)pTNM stage 0.250

St0+1 18 (23.1) 12 (10.3)

St1l 5 (6.4) 18 (15.5)

St 111 7 (9.0) 13 (11.2)

StIV+X 31+17 (61.5) 57 +16 (62.9)
Chemotherapy

Perioperative 2 (2.6) 23 (19.8) <0.001

Palliative 12/78 (15.4) 39/116 (33.6) 0.005
Treatment

RO/R1 resection 32 (41.0) 48 (41.4) 0.961

R2 resection 4(5.1) -

Local resection - 3 (2.6)

Non-resection interv. * 8 (10.3) 7 (6.0)

No surgical intervention 34 (43.6) 58 (50.0)
Lauren classification 0.914

Intestinal 44 (56.4) 61 (52.6)

Diffuse 18 (23.1) 31 (26.7)

Mixed 9 (11.5) 12 (10.3)

Unspecified 7 (9.0) 12 (10.3)

*

GRC group: 1 gastro-jejunostomy, 7 explorative laparotomies. Non-GRC group: 2 gastro-
jejunostomy, 2 explorative laparotomy, 3 endoluminal stent.

3.2. EBV Status

Sufficient tumour tissue for EBV in situ hybridization (ISH) was available from 75 of
78 GRC tumours. Of these, 32/75 (42.7%) of the EBV-ISHs were carried out on surgical
specimens, the remaining on biopsies only. The corresponding proportion in the control
group was 48/116 (41.4%). Typical examples of EBV positivity, as expressed in a Lauren
diffuse and in a Lauren intestinal-type cancer along with a negative control, are depicted
(Figure 1). In EBV-positive tumours, most of the tumour cells stained positive for EBV.
The overall proportion of EBV-positive tumours was 18.7% (n = 14) for GRCs and 6.0% (n
=7) for proximal non-GRCs, p = 0.006 (Table 2), OR 3.6 (95% CI 1.4-9.3). No significant
differences were found in the proportions of EBV-positive tumours, stratified by the
Lauren distribution, age category, or sex (Table 2). None of the tumours had the
histological appearance of a lympho-epithelial carcinoma.
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Figure 1. EBV ISH-positive cancer of Lauren diffuse type (A) and cancer of Lauren intestinal type
(B). Positive tumour cells which are dark purple in colour are illustrated at a higher magnification
in (C), i.e,, the area marked by the rectangle in (B), where the majority of tumour cells are positive
for EBV. The negative control sections did not have any staining, as seen in (D). Scale bar is 50 pm.

Table 2. Epstein-Barr virus in situ hybridization (ISH) analysis of tumour tissue samples from GRC
(n="75*) and proximal non-GRC (controls) (n = 116), n (%).

Variable EBV Positive EBV Negative p-Value
Tumour location 0.006
GRC 14 (18.7) 61 (81.3)
Proximal non-GRC 7 (6.0) 109 (94.0)
Sex 0.244
Male 18 (12.5) 126 (87.5)
Female 3 (6.4) 44 (93.6)
Lauren classification 0.873
Intestinal 13 (12.5) 91 (87.5)
Diffuse 4 (8.2) 45 (91.8)
Mixed 2 (9.5) 19 (90.5)
Unspecified 2 (11.8) 15 (88.2)
Age category 0.478
<50 years 0(0.0) 7 (100.0)
51-70 years 8 (14.0) 49 (86.0)
271 years 13 (10.2) 114 (89.8)

* Only 75/78 GRC with sufficient tissue for EBV in situ hybridization (ISH).

3.3. Symptoms at Time of Diagnosis and Findings at Upper Endoscopy

Only 15/78 patients with GRC (19.2%) had received an upper endoscopy between the
index distal gastrectomy and the current GRC diagnosis. Four patients with GRC and five
proximal non-patients with GRC had their cancer diagnosed at a surveillance endoscopy
(Table 3). As a symptom at diagnosis, gastrointestinal bleeding was more common among
the patients with GRC than among controls, with 31.0% vs. 16.1%, p = 0.017, whereas
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abdominal pain was less common 14.1% vs. 35.7%, p < 0.001. At upper endoscopy, both
the finding of either an ulcer, 19.7% vs. 38.2%, p = 0.012, or a tumour, 40.8% vs. 66.4%, p <
0.001, was less common among the patients with GRC than the controls (Table 3). For the
remaining categories of symptoms or findings at endoscopy, no significant differences
were found.

Table 3. Symptoms at time of diagnosis and findings at upper endoscopy (UE) in GRC vs. proximal
non-patients with GRC (controls), n (%). Each patient could have several entries.

Variable GRC Proximal Non-GRC
Indication for UE n=78 n=116
Surveillance UE 4(5.1) 54.3)
Referred for symptoms 67 (85.9) 107 (92.2)
Missing data 7 (9.0) 4 (3.4)
Symptoms * n=71 n=112
None 4 (5.6) 5(4.5)
Dyspepsia/dysphagia 23 (32.4) 48 (42.9)
Gl-bleeding 22 (31.0) 18 (16.1)
Vomiting 12 (16.9) 20 (17.9)
Weight loss/general symptoms 34 (47.9) 55 (49.1)
Anaemia 25 (35.2) 25 (22.3)
Abdominal pain 10 (14.1) 40 (35.7)
Findings at UE ** n=69 n=110
Normal *** 4 (5.8) 0 (0.0)
Gastritis 10 (14.5) 10 (9.1)
Ulcer 14 (19.7) 42 (38.2)
Tumour/polyp 29 (40.8) 73 (66.4)
Friable bleeding tissue 17 (24.6) 25 (22.7)
Other 13 (18.8) 8(7.3)

* Data missing for 7 (9.0%) Patients with GRC and 4 (3.4%) controls. ** Data missing for 9 (11.5%)
patients with GRC and 6 (5.2%) controls. *** Diagnosed by random biopsies from gastro-enteric
anastomosis.

3.4. Long-Term Survival Rates

The median overall survival for patients with GRC was 7.5 months (95% CI 3.8-11.1)
compared to 8.8 months (95% CI 7.0-10.7) for those with proximal non-GRC patients, p =
0.831. Survival curves are depicted in Figure 2a, log-rank p = 0.801. The GRC patient cohort
was then split by EBV status. The fourteen EBV-positive GRCs had a median survival of
22.2 months (95% CI 0.0-64.9) compared to 7.5 months (95% CI 5.1-9.8) for the larger EBV-
negative subset, p = 0.240. Survival curves are depicted in Figure 2b, log-rank p = 0.591.
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Figure 2. (a) Overall survival in patients with GRC (n = 78) and proximal non-GRC (n = 116), log-
rank p = 0.801. (b) Overall survival in patients with GRC (n = 75) stratified by tumour EBV status.
EBV-positive (n = 14), EBV-negative (n = 61), log-rank p = 0.591.

4. Discussion

In this population-based cohort of gastric adenocarcinomas from the West diagnosed
from 2001 to 2016, GRCs accounted for 6.4% of the patients, falling within the upper end
of the range of reported values [25,26]. The GRCs were diagnosed after a median latency
of 37.6 years following the index distal gastrectomy, which compares well to that reported
by others [10,26-28]. Only 2/78 GRC cases had an index operation for gastric malignancy.
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4.1. EBV-Positive Cancers

The previously reported proportions of EBV-positive gastric cancer lie within a wide
range [5]. This may reflect true variations but could also be influenced by the method used
to detect the EBV and whether surgical specimens vs. limited biopsies were examined [5].
Furthermore, the cost-efficient polymerase chain reaction (PCR) has a higher sensitivity
but a low specificity compared to the in situ hybridization method (ISH), which is
considered the gold standard and was used in the present study [5,6]. For the subset of
GRC in particular, data on EBV positivity are scarce. To the best of our knowledge, no
population-based study from a Western cohort with proximally located non-GRC cancers
as the control group has been published during the last thirty years.

The main finding in the present study was that 18.7% of the GRCs were EBV-positive,
3.1 times higher than the proportion in the control group of proximal non-GRC, OR 3.6
(95% CI 1.4-9.3). The finding is consistent with those of a recent meta-analysis, which
reported OR 5.2 (95% CI 3.9-7.0) [17]. Notably, these were almost exclusively patients
from Eastern patient cohorts, which may not be representative of a Western GRC
population. Furthermore, the OR was estimated based on GRC compared to gastric cancer
in general. Several studies report, however, a higher proportion of EBV positivity in
tumours with a proximal location. Tumours in the gastric cardia or corpus are reported to
be positive at least twice as often compared to tumours arising in the gastric antrum
[5,15,29]. Hence, by choosing an anatomically similar non-GRC control group, as in the
present study, a somewhat higher EBV positivity and lower OR were to be expected.

A larger proportion of gastric cancer in men compared to women has been reported
to be EBV-positive [5,15], even for the subset of GRC [25]. In the meta-analysis by Tavaloki
et al. on gastric cancer in general, a 1.9-fold-higher prevalence of EBV positivity in male
patient tumours was found (10.8% vs. 5.7%, respectively, p < 0.0001) [5]. In the present
study, including only proximal cancers, similar numbers were reproduced, although
without statistical significance, with 12.5% EBV positivity in men vs. 6.4% in women, p =
0.244. For histologic category, the meta-analysis by Tavaloki et al. found a prevalence of
EBV positivity of 8.1% in Lauren intestinal tumours and 9.4% in Lauren diffuse tumours,
p = 0.31. Although the numbers are small, similar proportions were found in the present
study restricted to proximal cancers, i.e., GRC and non-GRC proximal cancers (Table 2).

4.2. Demographics

Men are more often than women diagnosed with gastric cancer, and a ratio
approaching 2:1 is typical in a Western population [18]. For the GRC cohort, an even
higher proportion of 83.3% were men in the present study, consistent with the value in
previous reports [28,30]. Although the mechanisms that fully explain this predominance
in GRC are wanted, a certain contributing factor is that men were more often subjected to
distal gastric resection due to recurrent ulcer disease than women decades ago [27,30]. A
median age of 79 years at the time of diagnosis for patients with GRC is significantly
higher than that in the control group. This has also been acknowledged by several others
[31,32] and reflects the long latency time for GRC to develop.

4.3. Symptoms at Diagnosis and Endoscopic Findings

Norwegian national guidelines have not recommended surveillance endoscopies
following surgical treatment for gastric cancer [33]. This is at variance with Japanese
tradition, offering surveillance gastroscopies for at least ten years after surgery [34]. For
benign disease, in case of a lack of solid evidence, experts have pragmatically suggested
surveillance endoscopy after distal gastrectomy to start 15-20 years after surgery [9,25].
Only 19.2% of the patients with GRC in the present study had received an upper
endoscopy between the distal gastrectomy and the GRC diagnosis. The large majority of
the patients with GRC was referred to upper endoscopy due to alarm symptoms.
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Abdominal pain was significantly less common in patients with GRC than in patients
with proximal non-GRC, whereas other symptoms, such as dyspepsia, vomiting, or
weight loss, did not differ. The observed differences may relate to that patients with GRC,
having previously undergone partial gastrectomy, misinterpret and underreport
symptoms [25]. However, it must be mentioned that variables such as symptoms in
particular are prone to bias in a retrospective study. At diagnostic endoscopy, GRCs less
often appear as an ulcer or a frank tumour, and more subtle tumour manifestations could
impose a false impression of non-malignant disease. Others have reported that EBV-
associated non-GRC often have a submucosal tumour-like (non-ulcerated) appearance
[35], and directed biopsies after long-standing distal gastric resections have been
advocated [25].

4.4. Long-Term Survival Rates

The prognosis for patients with GRC does not seem to differ significantly from that
of gastric cancer patients in general [10,25,27,36] or from those with proximally located
cancers in particular [11], as also found in the present study. It has been pointed out,
though, that small sample sizes and a variety of national and genetic backgrounds could
confound conclusions [10]. Keeping the comparatively small population size in mind,
there were no significant differences in survival between the patients with GRC and the
control group, or across the EBV status in the GRC group in the present study. In the near
future, matters may look different, with immunotherapy emerging as a new angle of
attack for EBV-positive cancers [37,38].

A Cox proportional hazard model with, e.g., age, sex, tumour location, disease stage,
and EBV status as explanatory variables could be envisaged. We do believe, however, that
since several of the variables mentioned might be mediators of risk rather than
confounders, neutralising them in a multivariable analysis would not be informative.

4.5. Strengths and Limitations

The strengths of the study include its population-based design. A high proportion of
patients with GRC had available tumour tissue for EBV analysis, which was conducted
using the ISH method, acknowledged for both high sensitivity and specificity.
Furthermore, the follow-up was complete, and patient records including endoscopy
reports were available for almost all patients. Limitations include the retrospective nature
of this study, rendering the variables “symptoms at diagnosis” and “findings at upper
gastroscopy”, in particular, to be registered with less precision. Furthermore, this study
was limited by the sample size, making stratified analyses of EBV positivity susceptible to
type Il errors.

5. Conclusions

A significant proportion of 18.7% of GRC in this population-based study from the
West was EBV-positive, compared to 6.0% in the proximal non-GRCs, OR 3.6 (95% CI 1.4—
9.3). Patients with GRC did more often present with GI bleeding and less often with upper
abdominal pain. At endoscopy, an ulcer or a tumour was found in only 53% of the patients
with GRC, significantly less than in the proximal non-GRCs, a subtlety that clinicians should
be aware of. Long-term survival rates did not differ between patients with GRC and their
controls, but the significantly higher median age of 79 years in the GRC group, combined
with the aforementioned findings, warrants gastric remnant cancer to be designated a
distinct disease entity with the Epstein-Barr virus as a causative contributor [5].

Author Contributions: E.A.B.: conceptualization, methodology, data curation, formal analysis,
writing, review and editing. A.A.S.U.: methodology, investigation, writing. C.V.: methodology,
investigation, writing. A.D.S.: data curation, review and editing. P.M.: methodology, formal
analysis, writing, review and editing. R.F.: conceptualization, methodology, formal analysis,
writing, review and editing. All authors gave final approval of the version to be published and agree



Cancers 2024, 16, 2000 10 of 11

to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Department of Clinical and Molecular Medicine, NTNU.

Institutional Review Board Statement: This project was approved by the Regional Committee for
Medical and Health Research Ethics (2011/1436 and 2016/2173).

Informed Consent Statement: Not applicable.

Data Availability Statement: Patient consent was waived due to the retrospective nature of the
study and a long time span, causing the large majority of the patients to be inaccessible. The project
data cannot be shared according to regulations given by the Regional Committee for Medical and
Health Research Ethics, unless a specific application is forwarded. This study used data from the
Cancer Registry of Norway. The interpretation and reporting of these data are the sole responsibility
of the authors, and no endorsement by the Cancer Registry of Norway is intended nor should be
inferred. Data from the Norwegian Patient Register were used in this publication. The interpretation
and reporting of these data are the sole responsibility of the authors, and no endorsement by the
Norwegian Patient Register is intended nor should be inferred.

Acknowledgments: We thank Biobankl and the Department of Pathology, St. Olav’s Hospital,
Trondheim, for their contribution to the project.

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

References

1. Burke, A.P; Yen, T.S.; Shekitka, K.M.; Sobin, L.H. Lymphoepithelial carcinoma of the stomach with Epstein-Barr virus
demonstrated by polymerase chain reaction. Mod. Pathol. 1990, 3, 377-380.

2. Shibata, D.; Weiss, L.M. Epstein-Barr virus-associated gastric adenocarcinoma. Am. . Pathol. 1992, 140, 769-774.

3. Shannon-Lowe, C. Rickinson, A. The Global Landscape of EBV-Associated tumours. Front. Oncol. 2019, 9, 713.
https://doi.org/10.3389/fonc.2019.00713.

4. Cancer Genome Atlas Network. Comprehensive molecular characterization of gastric adenocarcinoma. Nature 2014, 513, 202—
209. https://doi.org/10.1038/nature 13480.

5. Tavakoli, A.; Monavari, S.H.; Mohammadi, F.S.; Kiani, S.J.; Armat, S.; Farahmand, M. Association between Epstein-Barr virus
infection and gastric cancer: A systematic review and meta-analysis. BMC Cancer 2020, 20, 493-506.
https://doi.org/10.1186/s12885-020-07013-x.

6. Sun, K, Jia, K,; Lv, H,; Wang, S.; Wu, Y.; Lei, H.; Chen, X. EBV-Positive Gastric Cancer: Current Knowledge and Future
Perspectives. Front. Oncol. 2020, 10, 583463. https://doi.org/10.3389/fonc.2020.583463.

7. Balfour, D.C. Factors influencing the life expectancy of patients operated on for gastric ulcer. Ann. Surg. 1922, 76, 405-408.
https://doi.org/10.1097/00000658-192209000-00014.

8. Ohira, M,; Toyokawa, T.; Sakurai, K.; Kubo, N.; Tanaka, H.; Muguruma, K.; Yashiro, M.; Onoda, N.; Hirakawa, K. Current status
in remnant gastric cancer after distal gastrectomy. World ].  Gastroenterol. 2016, 22,  2424-2433.
https://doi.org/10.3748/wjg.v22.i8.2424.

9.  Tersmette, A.C.; Offerhaus, G.J.; Tersmette, KW.; Giardiello, F.M.; Moore, G.W; Tytgat, G.; Vandenbroucke, ].P. Meta-analysis
of the risk of gastric stump cancer: Detection of high risk patient subsets for stomach cancer after remote partial gastrectomy
for benign conditions. Cancer Res. 1990, 50, 6486—6489.

10. Shimada, H.; Fukagawa, T.; Haga, Y.; Oba, K. Does remnant gastric cancer really differ from primary gastric cancer? A
systematic review of the literature by the Task Force of Japanese Gastric Cancer Association. Gastric Cancer 2016, 19, 339-349.
https://doi.org/10.1007/s10120-015-0582-0.

11.  Schaefer, N.; Sinning, C.; Standop, J.; Overhaus, M.; Hirner, A.; Wolff, M. Treatment and prognosis of gastric stump carcinoma
in comparison with primary proximal gastric cancer. Am. . Surg. 2007, 194, 63-67. https://doi.org/10.1016/j.amjsurg.2006.12.037.

12. Kondo, K. Duodenogastric reflux and gastric stump carcinoma. Gastric Cancer 2002, 5, 16-22.
https://doi.org/10.1007/s101200200002.

13. Tatsugami, M.; Ito, M.; Tanaka, S.; Yoshihara, M.; Matsui, H.; Haruma, K.; Chayama, K. Bile acid promotes intestinal metaplasia
and gastric carcinogenesis. Cancer Epidemiol. Biomark. Prev. 2012, 21, 2101-2107. https://doi.org/10.1158/1055-9965.EPI-12-0730.

14. Viste, A.; Qvrebg, K.; Maartmann-Moe, H.; Waldum, H. Lanzoprazole promotes gastric carcinogenesis in rats with
duodenogastric reflux. Gastric Cancer 2004, 7, 31-35. https://doi.org/10.1007/s10120-003-0264-1.

15. Nishikawa, J.; Yanai, H.; Hirano, A.; Okamoto, T.; Nakamura, H.; Matsusaki, K.; Kawano, T.; Miura, O.; Okita, K. High prevalence of
Epstein-Barr virus in gastric remnant carcinoma after Billroth-II reconstruction. Scand. ]. Gastroenterol. 2002, 37, 825-829.

16. Murphy, G.; Pfeiffer, R.; Camargo, M.C.; Rabkin, C.S. Meta-analysis shows that prevalence of Epstein-Barr virus-positive gastric

cancer differs based on sex and anatomic location. Gastroenterology 2009, 137, 824-833.
https://doi.org/10.1053/j.gastro.2009.05.001.



Cancers 2024, 16, 2000 11 of 11

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lu, C; Zhang, H.; Zhou, W.; Wan, X,; Li, L.; Yu, C. Epstein-Barr virus infection and genome polymorphisms on gastric remnant
carcinoma: A meta-analysis. Cancer Cell Int. 2020, 20, 401. https://doi.org/10.1186/s12935-020-01498-z.

Bringeland, E.A.; Wasmuth, H.H.; Mjones, P.; Myklebust, T.A.; Gronbech, J.E. A population-based study on incidence rates,
Lauren distribution, stage distribution, treatment, and long-term outcomes for gastric adenocarcinoma in Central Norway 2001
2011. Acta Oncol. 2017, 56, 39-45. https://doi.org/10.1080/0284186X.2016.1227086.

Beck, M.; Bringeland, E.A.; Qvigstad, G.; Fossmark, R. Gastric Cancers Missed at Upper Endoscopy in Central Norway 2007 to
2016-A Population-Based Study. Cancers 2021, 13, 5628. https://doi.org/10.3390/cancers13225628.

Ubge, A.A.S.; Vage, C.; Mjones, P.; Bringeland, E.A.; Fossmark, R. Gastric remnant cancer and long-term survival in Central
Norway 2001-2016 — A population based study. Surg. Oncol. 2023, 51, 102008. https://doi.org/10.1016/j.suronc.2023.102008.
Ness-Jensen, E.; Bringeland, E.A.; Mattsson, F.; Mjenes, P.; Lagergren, J.; Grenbech, J.E.; Waldum, H.L.; Fossmrak, R.
Hypergastrinemia is associated with an increased risk of gastric adenocarcinoma with proximal location: A prospective
population-based nested case-control study. Int. J. Cancer 2021, 148, 1879-1886. https://doi.org/10.1002/ijc.33354.

Waldum, H.L.; Fossmark, R. Types of Gastric Carcinomas. Int. ]. Mol. Sci. 2018, 19, 4109. https://doi.org/10.3390/ijms19124109.
Cunningham, D.; Allum, W.H,; Stenning, S.P.; Thompson, ].N.; van de Velde, C.J.H.; Nicolson, M.; Scarffe, ].H.; Lofts, F.J.; Falk,
S.J.; Iveson, T.].; et al. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N. Engl. J. Med.
2006, 355, 11-20. https://doi.org/10.1056/NEJMo0a055531.

Laurén, P. The two histological main types of gastric carcinoma: Diffuse and so-called intestinal-type carcinoma. Acta Pathol.
Microbiol. Scand. 1965, 6, 31-49. https://doi.org/10.1111.apm.1965.64.1.31.

Sinning, C.; Schaefer, N.; Standop, J.; Hirner, A.; Wolff, M. Gastric stump carcinoma—Epidemiology and current concepts in
pathogenesis and treatment. Eur. J. Surg. Oncol. 2007, 33, 133-139. https://doi.org/10.1016/.ejs0.2006.09.006.

Mezhir, ].J.; Gonen, M.; Ammori, ].B.; Strong, V.E.; Brennan, M.F.; Coit, D.G. Treatment and outcome of patients with gastric remnant
cancer after resection for peptic ulcer disease. Ann. Surg. Oncol. 2011, 18, 670-676. https://doi.org/10.1245/s10434-010-1425-1.

Viste, A.; Bjernestad, E.; Opheim, P.; Skarstein, A.; Thunold, J.; Hartveit, F.; Eide, G.E.; Sereide, O. Risk of carcinoma following
gastric operations for benign disease. A historical cohort study of 3470 patients. Lancet 1986, 2, 502-505.
https://doi.org/10.1016/s0140-6736(86)90368-5.

Lagergren, J.; Lindam, A.; Mason, R.M. Gastric stump cancer after distal gastrectomy for benign gastric ulcer in a population-
based study. Int. J. Cancer 2012, 131, E1048-E1052. https://doi.org/10.1002/ijc.27614.

Saito, M.; Kono, K. Landscape of EBV-positive gastric cancer. Gastric Cancer 2021, 24, 983-989. https://doi.org/10.1007/s10120-
021-01215-3.

Di Leo, A.; Pedrazani, C.; Bencivenga, M.; Coniglio, A.; Rosa, F.; Morgani, P.; Marrelli, D.; Marchet, A.; Cozaglio, L.; Giacopuzi,
S.; et al. Gastric stump cancer after distal gastrectomy for benign disease: Clinicopathological features and surgical outcomes.
Ann. Surg. Oncol. 2014, 21, 2594-2600. https://doi.org/10.1245/s10434-014-3633-6.

Costa-Phino, A.; Pinto-de-Sousa, J.; Barbosa, J.; Costa-Maia, J. Gastric stump cancer: More than just another proximal gastric
cancer and demanding a more suitable TNM staging system. Biomed. Res. Int. 2013, 2013, 781896.
https://doi.org/10.1155/2013/781896.

Tokunaga, M.; Sano, T.; Ohyama, S.; Hiki, N.; Fukunaga, T.; Yamada, K.; Yamaguchi, T. Clinicopathological characteristics and
survival difference between gastric stump carcinoma and primary upper third gastric cancer. J. Gastrointest. Surg. 2013, 17, 313—
318. https://doi.org/10.1007/s11605-012-2114-0.

Helsedirektoratet. =~ Nasjonalt =~ Handlingsprogram  for  Kreft i  Magesekken  2021.  Available  online:
https://www helsedirektoratet.no/retningslinjer/kreft-i-magesekken-handlingsprogram/oppfolging-og-kontroll-etter-avsluttet-
kurativ-behandling (accessed on 30 April 2024).

Ohashi, M.; Katai, H.; Fukagawa, T.; Gotoda, T.; Sano, T.; Sasako, M. Cancer of the gastric stump following distal gastrectomy
for cancer. Br. ]. Surg. 2007, 94, 92-95. https://doi.org/10.1002/bjs.5538.

Yanai, H.; Nishikawa, J.; Mizugaki, Y.; Shimizu, N.; Takada, K.; Matsusaki, K.; Toda, T.; Matsumoto, Y.; Tada, M.; Okita, K.
Endoscopic and pathologic features of Epstein-Barr virus-associated gastric carcinoma. Gastrointest. Endosc. 1997, 45, 236-242.
https://doi.org/10.1016/s0016-5107(97)70265-7.

Galata, C.; Ronellenfitsch, U.; Weif3, C.; Blank, S.; Reif3felder, C.; Hardt, J. Surgery for Gastric Remnant Cancer Results in Similar
Overall Survival Rates Compared with Primary Gastric Cancer: A Propensity Score-Matched Analysis. Ann. Surg. Oncol. 2020,
27,4196-4203. https://doi.org/10.1245/s10434-020-08669-2.

Bay, Y.; Xie, T.; Wang, Z.; Tong, S.; Zhao, X.; Zhao, F.; Cai, J.; Wei, X,; Peng, Z.; Shen, L. Efficacy and predictive biomarkers of
immunotherapy in Eptsein-Barr virus-associated gastric cancer. | Immunother. Cancer 2022, 10, e004080.
https://doi.org/10.1136/jitc-2021-004080.

Zhang, B.; Choj, I. Facts and Hopes in the Relationship of EBV with Cancer Immunity and Immunotherapy. Clin. Cancer Res.
2022, 28, 4363—4369. https://doi.org/10.1158/1078-0432.CCR-21-3408.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



