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Abstract
Introduction: Gastric remnant cancer (GRC) has been defined as a distinct clinical entity and
is reported to account for 1-8% of all gastric cancers. In the current study we aimed to

characterize patients with GRC and their survival in a large Western population-based cohort.

Materials and methods: Retrospective population-based cohort study including 1217 patients
diagnosed with gastric adenocarcinoma in Central Norway 2001-2016. GRCs (n=78) were
defined as adenocarcinomas arising in the residual stomach after distal gastrectomy and were
compared to non-GRC overall (n=1139) and to proximal non-GRC (n=595). Minimum

follow-up time was 6 years and 7 months.

Results: 78 (6.4 %) of gastric cancers were GRC. The annual number and proportion of GRC
declined during the study period (p=0.003). Median latency from distal gastrectomy to GRC
diagnosis was 37.6 years, and Billroth 2 reconstruction was most common (87.7%).
Compared to control groups, GRC patients were more frequently males (83.3%), were
diagnosed in earlier TNM stages and were older at diagnosis. A smaller proportion of GRC
patients received perioperative or palliative chemotherapy. Overall median survival for GRC
was 7.8 months, which did not differ from non-GRCs or proximal non-GRC. TNM stage and

age were independently associated with mortality, whereas GRC was not.

Conclusions: GRCs declined during the study period, but the latency between distal
gastrectomy and GRC diagnosis was long. GRC patients were more often male and older than
other gastric cancer patients, but GRC was not independently associated with survival also

after adjusting for TNM stage and tumour location.



1. Introduction

One hundred years ago it was noted that patients previously operated with partial
gastrectomy had a high risk of gastric cancer in the remaining stomach (Balfour, 1922).
Gastric remnant cancer (GRC) or stump cancer has later been defined as an adenocarcinoma
arising in the residual stomach at least five years after partial gastrectomy for benign ulcer
disease (Schaefer et al., 2007) and this has been considered a distinct clinical entity (Kondo,
2002). However, cancers diagnosed after distal gastrectomy for malignant disease has by
others also been included in the definition of GRC (Ohira et al., 2016).

GRC has been reported to account for 1-8% of all gastric cancers (Mezhir et al., 2011;
Sinning et al., 2007) and the incidence of GRC seems higher in Western compared to Asian
populations (Mak et al., 2021). After the advent of proton pump inhibitors in the 1980s and
the discovery of H. pylori as a main etiological factor of peptic ulcer disease, markedly fewer
patients have been operated with distal gastrectomy for benign disease. There is a long
latency period between surgery for benign ulcer disease and development of GRC (Lagergren
et al., 2012; Viste et al., 1986). The mean time between distal gastrectomy and diagnosis of
GRC has been reported to be from 6.8 years (Ahn et al., 2008) to 18.8 years (An et al., 2007)
for malignant disease and from 22.0 years (Ojima et al., 2010) to 34.6 years (Di Leo et al.,
2014) for benign disease.

The etiology of GRC is unknown. Proposed pathogenetic factors include duodenogastric
reflux, which exposes the gastric mucosa for bile acids perceived to have a carcinogenic
effect (Kondo, 2002; Tatsugami et al., 2012). The reconstruction methods after distal
gastrectomy cause a varying degree of gastric bile acid reflux and although some studies have
found higher risk of GRC after Billroth II compared to Billroth I reconstruction, the
importance of the reconstruction method is uncertain (Lagergren et al., 2012; Ohira et al.,
2016; Tersmette et al., 1990). H pylori infection increases the risk of GRC and the relatively
rapid carcinogenesis in the remnant stomach after resection of cancer has been attributed to
pre-existing corpus gastritis and premalignant changes (Ohira et al., 2016).

The prognosis of patients with GRC does neither seem to differ from the prognosis of
primary gastric cancers overall (Galata et al., 2020) nor from primary proximal gastric
cancers (Schaefer et al., 2007). This has been observed although GRCs often have been
diagnosed in a more advanced stage (Dhir, 2020).

The aim of the present study was to characterize patients with GRC and assess long-term

survival in a large population-based cohort.



2. Materials and Methods

2.1 Study design and data source

Patients diagnosed with gastric adenocarcinoma in Central Norway between 2001 and
2016 (n=1217) have previously been identified and described in previous publications (25-
27). The catchment area of approximately 700,000 persons comprised 15 % of the Norwegian
population. Patients were identified from searches in the Norwegian Cancer Registry (NCR)
and Norwegian Patient Registry (NPR) databases using ICD-10 codes C16.0 to C16.9, C15.5
and C15.9. The files were merged based on a unique 11-digit identification number for each
citizen in Norway. Patients with tumours other than gastric adenocarcinoma were excluded by
manual assessment of all patient records. Patients with Siewert type I cardia cancer were
excluded. The censoring date was February 4th, 2023, and the minimum follow-up time was

6 years and 7 months.

2.2 Gastric remnant cancer and control groups

GRCs were defined as gastric adenocarcinomas in patients previously operated with a
distal gastrectomy for either benign or malignant disease and these constituted 78 patients. In
the main analyses the 78 GRC patients were compared to the remaining 1139 patients with
non-GRC. In a sub-analysis, a control group of patients with primary proximal non-GRC was
defined that included corpus and cardia Siewert type II and III cancers, totalling 595 proximal
non-GRC. The date of diagnosis of gastric cancer was defined as the date of the upper
endoscopy where the tumour was described as suspicious of cancer and biopsied the first

time.

2.3 Data collection and variables

Data on patient and tumour characteristics were used to describe the entire cohort,
including age, sex, TNM stage and Lauren histological type (Bringeland, Wasmuth, Mjones,
et al., 2017). For the purpose of the present study the digital medical records of patients with
GRC (n=78) were reviewed manually and the following information extracted: indication for
distal gastrectomy (benign or malignant disease), time of distal gastrectomy and
reconstruction method (Billroth I, Billroth IT or Roux-en-Y). The time interval between distal

gastrectomy and GRC diagnosis, and the time interval between upper endoscopy at the time



of diagnosis and the previous upper endoscopy were calculated. Surgical treatment,

perioperative and palliative chemotherapy was recorded.

2.4 Statistical analysis

Continuous variables were presented as median (range) or mean (standard deviation
(SD) as depending on distribution. Analyses of GRC number and proportions over the study
period was done by univariable linear regression. Categorical variables were cross tabulated
and analysed by Chi-Square test. Continuous variables were analysed using the Mann—
Whitney or Student’s t-test depending on distribution. Survival was calculated and presented
by the Kaplan-Meier method. The Cox proportional hazard method was used in a
multivariable analysis to identify factors independently associated with survival. P values
<0.05 were considered significant. Statistical analyses were performed using SPSS version 29

(IBM, Armonk, NY, USA).

2.6 Ethics approval
The gastric cancer projects have been approved by the Regional Committee for Medical

and Health Research Ethics (2011/1436 and 2016/2173).

3. Results

3.1 Characteristics of patients with GRC (n=78) vs. all primary gastric cancers (non-GRC)
(n=1139) and proximal non-GRC (n=595).

The proportion of gastric remnant cancer (GRC) was 6.4 % (78 of a total of 1217
patients, Table 1). Median age at diagnosis was 78.7 years for GRC vs. 74.9 years for non-
GRC patients (p<0.001) and 72.8 years for proximal non-GRC patients (p<0.001). The
proportion of males was higher among GRC than among non-GRC (p<0.001) and proximal
non-GRC patients (p=0.014), 83.3 % vs. 62.9 % and 71.3 %, respectively. The annual number
of non-GRC (p=0.032), the number of GRC (p=0.002) and proportion of GRC (GRC / all
gastric cancers) (p=0.003) all declined during the study period (Figure 1).



Figure 1. The annual number of gastric adenocarcinomas and GRC in Central Norway 2001-

2016.
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Table 1. Patient demographics and disease characteristics of gastric remnant cancers (GRC)

(n=78) vs. all other gastric adenocarcinomas (non-GRC) (n=1139) and proximal non-GRC

(n=595).

Variable GRC

Non-GRC

Proximal non-GRC

Entire cohort

Patients, n (%) 78 (6.4)

Age at diagnosis, years

Median (range) 78.7 (52.5-94.9)
Male sex, n (%) 65 (83.3)
Tumour localization, # (%)

Proximal 78 (100.0)

Distal 0(0.0)

Diffuse 0(0.0)

Not recorded 0(0.0)

TNM stage, n (%)

St 0+1 18 (23.1)
St1I 5(6.4)
St 111 7(9.0)
StIV+X 48 (61.5))
Lauren classification, n (%)
Diffuse 18 (23.1)
Intestinal 44 (56.4)
Mixed diff/intest. 9(1L.5)
Cancer NUD 6(7.7)
No malignant biopsy 0(0.0)
No biopsy 1(1.3)
Chemotherapy
Neoadjuvant/adjuvant 2(2.5)
Palliative 12 (15.4)
Treatment method, n (%)
Formal resection 36 (46.1)
Local resection 0(0.0)
Non-resective intervention 9 (10.3)
No surgical intervention 34 (43.6)

1139 (93.6)

74.9 (21.1-99.4)

717 (62.9)*%*

595 (52.2)

397 (34.9)

141 (12.4)
6(0.5)

146 (12.8)**
155 (13.6)

198 (17.4)
640 (56.2)

347 (30.5)
516 (45.3)
125 (11.0)
110 (9.7)
25(2.2)
16 (1.4)

196 (17.2)**
319 (28.0)*

519 (45.5)
11 (0.9)
143 (12.6)
466 (40.9)

595 (48.9)

72.8 (33.0-99.0)

424 (71.3)*

595 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

65 (10.9)**
88 (14.8)*

103 (17.3)
339 (57.0)

127 (21.3)
306 (51.4)
71 (11.9)
74 (12.4)
11 (1.8)
6 (1.0)

122 (20.5)**
196 (32.9)**

242 (40.6)
7(1.2)
58 (6.8)

288 (48.4)

1217

75.3 (21.1-99.4)

782 (64.3)

673 (55.3)

397 (32.6)

141 (11.6)
6(0.5)

164 (13.5)
160 (13.1)

205 (16.8)
688 (56.5)

356 (30.0)
560 (46.0)
134 (11.0)
116 (9.5)
25(2.1)
17 (1.4)

198 (16.3)
331(27.2)

555 (45.9)
11 (0.9)
151 (12.3)
500 (41.1)

SD: standard deviation; NUD: non-numerical unstructured data; *: p<0.05 and ** p<0.01 for comparison

between GRC and non-GRC or proximal non-GRC; Formal resection: total, subtotal and proximal resection;

Local resection: included wedge resection and endoscopic resection; Non-resective intervention:

gastrojejunostomy, explorative laparoscopy, primary stent placement.

3.2 TNM-stage

GRC-patients were diagnosed at an earlier TNM-stage compared to non-GRC (p<0.001)

and proximal non-GRC (p<0.001) (Table 1). In particular, a higher proportion of GRC than



non-GRC and proximal non-GRC were diagnosed in stages 0+1 (23.1 % vs. 12.8 % (p=0.01)
vs. 10.9% (p=0.002)), while the proportions diagnosed in stages II-IV did not differ

significantly.

3.3 Lauren classification

The Lauren histological classification was not significantly different between GRC
and non-GRC (p=0.38) and proximal non-GRC (p=0.66) (Table 1). In patients with GRC vs.
non-GRC and vs. proximal non-GRC, the proportion of patients with diffuse type were 23.1
% vs. 30.5 % vs. 21.3% and intestinal type 56.4 % vs. 45.3 % vs. 51.4%, respectively.

3.4 Perioperative and palliative chemotherapy

A significantly smaller proportion of GRC patients received perioperative
chemotherapy compared to non-GRC patients and proximal non-GRC patients (2.5% of GRC
vs. 17.2% of non-GRC (p<0.001) vs. 20.5% of proximal non-GRC (p<0.001) (Table 1).
Similarly, fewer GRC patients received palliative chemotherapy compared with non-GRC
patients and proximal non-GRC patients (15.4% vs. 28.0% (p=0.025) vs. 32.9% (p=0.002),

respectively).

3.5 Surgical cancer treatment and reconstruction method

In all three patient groups, GRC, non-GRC and proximal non-GRC, the largest
portions of patients were treated by a gastrectomy, either total, subtotal or proximal (46.1% of
GRC vs. 45.5% of non-GRC vs. 40.6% of proximal non-GRC) (Table 1). All three groups
also had a high and similar proportion of patients who did not undergo surgical cancer

treatment (43.6 % vs. 40.9 % vs. 48.4%, respectively).

3.6 Indication for initial distal gastrectomy, reconstruction method and time to GRC
diagnosis

Out of 78 GRC patients, two patients (2.6%) had an initial distal gastrectomy due to
malignant disease, and the remaining 76 (97.4%) were operated for benign peptic ulcer
disease. The majority constituting 64 patients (87.7%) had a Billroth 2, eight patients (11%)
had a Billroth 1, and one patient (1.4%) had undergone a Roux-en-Y reconstruction after
distal gastrectomy. The time of the distal gastrectomy preceding GRC was found in 71 of 78
GRC patients allowing the latency to GRC diagnosis to be calculated (Figure 2). The median

time from distal gastrectomy until GRC diagnosis was 37.6 years, ranging from 15.7 to 68.0



years. The median age at distal gastrectomy was 34.6 years, ranging from 18.1 to 70.3 years

of age.

Figure 2. There was a median of 37.6 years from distal gastrectomy until gastric remnant

cancer (GRC) diagnosis.
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3.7 Overall survival in patients with GRC (n=78) vs. non-GRC (n=1139) and vs. proximal
non-GRC (n=595)
The survival in patients with GRC and non-GRC did not differ significantly, p=0.368 (Figure
3a), neither did the survival between GRC and proximal non-GRC (p=0.056) (Figure 3b). The
median survival in patients with GRC, non-GRC and proximal non-GRC, was 7.8 months
(95% CI 4.3-18.2 months), 10.4 months (95% CI 9.3-11.5 months) and 10.3 months (95% CI
9.1-12.2 months), respectively.

The five-year survival rates were found to be 23.1% among GRC patients, 18.5%

among non-GRC patients and 18.8% among proximal non-GRC.



Figure 3a. Survival in patients with gastric remnant cancers (GRC) (n=78) vs. non-GRC

(n=1139).
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Figure 3b. Survival in patients with gastric remnant cancers (GRC) (n=78) vs. proximal non-

GRC (n=595).
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3.8 Cox proportional hazard analysis for survival in GRC compared with all gastric

adenocarcinomas (non-GRC)

In analyses of Cox proportional hazards, a higher age and more advanced TNM stage at

diagnosis were independently associated with survival (p<0.001) (Table 2). The hazard ratio

(HR) for age at diagnosis was 1.012 (95% CI 1.007-1.017), whereas for TNM stage the HR

was 1.911 (95% CI 1.809-2.019). Tumour localization was also associated with survival with

a HR 1.085 (95% CI 1.019-1.156).

Table 2a. Cox proportional hazard analysis for survival in GRC compared with all gastric

adenocarcinomas (non-GRC)

Variable HR 95% CI p-value
Male sex 0.889 0.781-1.012 0.076
Tumour localization 1.085 1.019-1.156 0.011
Lauren classification 1.015 0.953-1.081 0.64
Age at diagnosis 1.012 1.007-1.017 <0.001
TNM 1.911 1.809-2.019 <0.001
GRC 0.963 0.755-1.229 0.76

HR: hazard ratio; CI: confidence interval; GRC: gastric remnant cancer

Table 2b. Cox proportional hazard analysis for survival in GRC compared with proximal

non-GRC.
Variable HR 95% CI p-value
Male sex 0.959 0.795-1.157 0.665
Lauren classification 0.919 0.844-1.001 0.052
Age at diagnosis 1.023 1.015-1.030 <0.001
TNM 2.576 2.321-2.858 <0.001
GRC 1.046 0.812-1.348 0.727

HR: hazard ratio; CI: confidence interval; GRC: gastric remnant cancer

4. Discussion

In the current study, GRCs were found to account for 6.4% of all gastric adenocarcinomas

in Central Norway between 2001 and 2016. The proportion of GRC in other cohorts has been

reported to be within the range 1-8% of all gastric cancers (Sinning et al., 2007; Mezhir et al.,



2011), and was in 2007 reported to increase due to a long latency time from distal
gastrectomy until GRC arises (Sinning et al., 2007). During the years 2001-2016, however,
the annual number of GRC in Central Norway decreased. This could be due to a decrease in
distal gastrectomies performed for peptic ulcer disease from the 1980s when efficient proton
pump inhibitors (Sharma et al., 1984) replaced H2-receptor blockers and operation with
proximal selective vagotomy (Sagatun et al., 2014) in the treatment of such patients.

We found that the proportion of males was more than 80% in GRC patients and
significantly higher than in non-GRC and proximal non-GRC patients. The marked male
predominance has been found in several other studies (Ohira et al., 2016). The main reasons
for this finding seem to be that men are more likely to develop both gastroduodenal ulcers as
well as gastric cancer (Ohira et al., 2016).

In the current study, there was a higher proportion of GRCs diagnosed in stages 0+1
compared to both non-GRCs and proximal non-GRCs. While we in our cohort found a
tendency of GRCs being detected at an early stage, others have observed that GRC were more
often diagnosed at an advanced stage (Ohira et al., 2016; Takeno et al., 2014).

We found a median time between the distal gastrectomy and GRC diagnosis of 37.6
years, which was similar to the latency observed in other cohorts (Viste et al., 1986;
Lagergren et al., 2012; Di Leo et al., 2014). Previous studies have reported relatively longer
latency in patients operated for benign compared to malignant disease. In the current study
only two GRC patients (2.6%) had initially undergone distal gastrectomy due to malignant
disease and while these two patients had a shorter median latency of 22.6 years, they affected
the overall latency only little. Due to the long latency, and the fact that distal gastrectomies
for benign ulcer disease were performed relatively often into the 1980s, it is likely that GRCs
will continue to be encountered (Mezhir et al., 2011). However, a few patients had a latency
time exceeding 60 years and a minor proportion of GRCs may not have been caused by the
distal gastrectomy but developed independently of the operation.

Previous and current (Helsedirektoratet, 2021) Norwegian guidelines have not
recommended regular surveillance endoscopies after curative surgical treatment for stomach
cancer, stating that surveillance has not been documented to affect survival
(Helsedirektoratet, 2021). Similarly, there are no guidelines covering follow-up or
surveillance after distal gastrectomy for benign disease. However, due to the long latency
after distal gastrectomy until GRC arises it is still important that physicians are aware of this
increased risk and have a low threshold for referring symptomatic patients despite the lack of

guidelines. In absence of formal recommendations experts have suggested that surveillance



endoscopy after distal gastrectomy for benign disease should start 15-20 years after surgery
(Tersmette et al., 1990), which also seemed sufficient for our cohort. After distal gastrectomy
for malignant disease surveillance endoscopies should start earlier and Japanese institutions
have performed annual surveillance endoscopies for at least ten years after surgery (Ohashi et
al., 2007).

The large majority (87.7%) of our GRC patients had undergone a previous Billroth 2
reconstruction. The reconstruction methods after distal gastrectomy cause varying degree of
gastric bile acid reflux and some studies have suggested a higher risk of GRC after Billroth 2
reconstruction which could be attributed to continuous duodenogastric reflux (Murphy et al.,
2009; Nishikawa et al., 2002). The bile reflux hypothesis has support from animal models as
gastrojejunostomy without removal of the antrum is carcinogenic in rat models, moreover the
carcinogenesis may be enhanced by proton pump inhibitor-induced hypoacidity and
hypergastrinemia (Viste et al., 2004). However, others have found that in patients operated
for benign disease the risk of GRC did not differ between Billroth 1 and Billroth 2
anastomoses (Stalsberg & Taksdal, 1971). Similarly, in a large population-based study the
reconstruction method was not found to affect the incidence of GRC (Lagergren et al., 2012).

The survival in GRC patients has been studied and five-year survival rates have been
reported to be between 7 % and 20 % (Sinning et al., 2007). A meta-analysis found a five-
year survival rate ranging from 19.4 % to 49.0 % for GRC with benign primary gastric
disease, and from 30.6% to 59.3 % for those with malignant primary gastric disease (Mak et
al., 2021). In our GRC-cohort the five-year overall survival was 23.1 %, and the overall
survival did not differ from non-GRC patients. We found a median survival time of 7.8
months (95% CI 4.3-18.2 months). We also compared survival of GRCs to proximal gastric
cancers including cardia type II and III cancers, which were classified as gastric cancers in the
study period. Cardia cancers have shorter median survival than non-cardia cancers
(Bringeland, Wasmuth, Mjenes, et al., 2017), we did not find that survival in patients with
GRC differed from patients with proximal non-GRCs. Similarly, previous studies have not
found differences in five-year survival rates when comparing GRC and proximal primary
gastric cancer (Shimada et al., 2016).

Factors associated with survival in GRC patients has been a subject to many studies. A
meta-analysis of 20 studies with a pooled GRC prevalence of only 2.2%, but higher rates in
Western populations (Mak et al., 2021), found that lower TNM-stage was associated with a
better five-year survival. However, five-year survival in GRC-patients with benign primary

gastric diseases vs. malignant primary gastric disease did not differ, even though the patients



with malignant disease as indication for distal gastrectomy had higher TNM-stage at
diagnosis (Mak et al., 2021).

To further explore whether GRC per se seemed to affect survival we performed a
multivariable Cox proportional hazard analyses that included first the entire cohort of patients
with gastric cancer and then as second analysis after excluding patients with distal cancers. In
both analyses, which included age, sex, TNM stage and Lauren histological classification,
GRC as a variable was not independently associated with overall survival. However, as
expected we found that a more advanced TNM stage and higher age were associated with

shorter survival.
5. Conclusions

GRC constituted a significant proportion of gastric adenocarcinomas in Central Norway, but
the number and proportion declined during the study period. The latency between distal
gastrectomy and GRC was 37 years. The survival of GRC patients did neither differ from

non-GRC overall nor from proximal non-GRC patients.
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