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Abstract

Background: The incidence of remnant gastric cancer (RGC) after distal gastrectomy is 1-5%. However, as the sur-
vival rate of patients with gastric cancer improves due to early detection and treatment, more patients may develop
RGC. There is no consensus on the surgical and postoperative management of RGC, and the clinicopathological char-
acteristics correlated with the long-term outcomes remain unclear. Therefore, we investigated the clinicopathological
factors associated with the long-term outcomes of RGC.

Methods: We included 65 consecutive patients who underwent gastrectomy for RGC from January 2000 to Decem-
ber 2015 at the Osaka Medical and Pharmaceutical University Hospital, Japan. The Kaplan—-Meier method was used to
create survival curves, and differences in survival were compared between the groups (clinical factors, pathological
factors, and surgical factors) using the log-rank test. Multivariate analyses using the Cox proportional hazard model
were used to identify factors associated with long-term survival.

Results: No significant differences were noted in the survival rate based on clinical factors (age, body mass index,
diabetes mellitus, hypertension, cardiovascular disease, pulmonary complications, liver disease, diet, history of alcohol
drinking, and history of smoking) or the type of remnant gastrectomy. Significant differences were noted in the sur-
vival rate based on pathological factors and surgical characteristics (intraoperative blood loss, operation time, and the
number of positive lymph nodes). Multivariate analysis revealed that the T stage (hazard ratio, 5.593; 95% confidence
interval [Cl], 1.183-26.452; p=10.030) and venous invasion (hazard ratio, 3.351; 95% Cl, 1.030-10.903; p=0.045) were
significant independent risk factors for long-term survival in patients who underwent radical resection for RGC.

Conclusions: T stage and venous invasion are important prognostic factors of long-term survival after remnant
gastrectomy for RGC and may be keys to managing and identifying therapeutic strategies for improving prognosis in
RGC.
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Background
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been reported to be 1-5% [2—4]. Although the number of
patients with RGC who undergo gastrectomy for benign
diseases has decreased due to improvements in treat-
ment, more patients with a previous malignant disease
are developing RGC because of improved prognosis after
gastric cancer [5].

The etiology of RGC is believed to be related to the
type of reconstruction. For instance, the anastomotic
site of Billroth II reconstruction, which is exposed by
bile regurgitation, is a common site of recurrence [6, 7].
However, non-anastomotic carcinoma occurs more fre-
quently in patients with previous malignancies who have
undergone Billroth I reconstruction [8]. Some research-
ers have reported that the prognosis of advanced RGC is
worse than that of primary advanced gastric cancer [9].
However, despite these findings, there has been no con-
sensus on the surgical and postoperative management
for RGC, and the clinicopathological characteristics that
are correlated with long-term outcomes remain unclear.
Data collection on the prognoses of patients with RGC
is required to establish an optimal therapeutic strategy
for RGC. Herein, we have investigated the clinicopatho-
logical factors associated with the long-term outcomes of
RGC.

Methods

Patients

From January 2000 to December 2015, 65 consecutive
patients with RGC underwent gastrectomy at the Osaka
Medical College Hospital, Japan. We performed routine
workup, including esophagogastroduodenoscopy (EGD)
and enhanced computed tomography (CT), for preopera-
tive evaluation. Retrieved specimens were staged using
the Japanese Classification of Gastric Carcinoma (15th
edition); the depth of tumor invasion was recorded as
the pathological T stage. Tumor morphology was catego-
rized as either superficial (pT1) or advanced (pT2-pT4).
Lymph node metastasis was defined using the pathologi-
cal N category, and lymphatic invasion and venous inva-
sion were also assessed.

Clinical, surgical, and pathological records of the
patients were obtained from our database. Data collec-
tion (after receiving written informed consent) and anal-
ysis were approved by the Institutional Review Board of
the Osaka Medical College (acceptance number: 2020—
005). Written informed consent was obtained from all
participants.

Patient follow-up

After surgery, blood tests and physical examinations were
performed every 3months, CT was performed every
6 months, and EGD was performed annually. The blood
tests also included examination of tumor markers, such
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as the carcinoembryonic antigen and carbohydrate anti-
gen 19-9. Postoperative adjuvant chemotherapy was not
administered to most patients.

The duration of follow-up was 60months. Thirty-six
patients were completely followed up, and 29 were lost
to follow-up due to disease-specific death (n=19), death
from other causes (# =3), and unknown reasons (1 =7).

Statistics
All statistical analyses were performed using JMP ver-
sion 15.0 software (SAS Institute Inc., Cary, NC, USA).
The Kaplan—Meier method was used to estimate survival
curves, and differences in survival were compared using
the log-rank test. The cutoff value was set for each fac-
tor (age, body mass index [BMI], tumor size, blood loss,
operation time, and the number of retrieved lymph nodes
and positive lymph nodes) by using a receiver operating
characteristic curve analysis.

The multivariate analysis was performed using the Cox
proportional hazard models, and p <0.05 was considered
significant.

Results

Patient characteristics

The clinicopathological and surgical characteristics of
the 65 patients are summarized in Tables 1 and 2. The
patients comprised 55 men and 10 women. The median
age was 7lyears (interquartile range, 63.5-76years).
Forty-eight patients (74%) originally had a malignant
disease, and 17 (26%) had a benign disease. The median
interval between original gastrectomy and development
of RGC was 10years (interquartile range, 4.25—15years)
in patients who originally had a malignant disease, and
30vyears (interquartile range, 24.5—42years) in patients
who originally had a benign disease. Total resection of
the remnant stomach was performed in 49 patients, while
partial resection was performed in 16 patients.

Association of long-term survival with clinical,
pathological, and surgical factors
The overall survival curves based on the clinical charac-
teristics are shown in Fig. 1. There were no significant
differences in the survival between patients with values
above and below the cut-offs for any of the clinical factors
that were examined, including age (older [>67years] vs.
younger [<67years]), BMI, diabetes mellitus, hyperten-
sion, cardiovascular disease, pulmonary complications,
liver disease, type of original reconstruction, or previous
disease history. In addition, overall survival curves based
on diet, history of alcohol drinking, and history of smok-
ing are shown in Supplemental Fig. 1.

The overall survival curves based on the patho-
logical characteristics are shown in Fig. 2. There were
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Table 1 Demographic and clinical characteristics of the patients
undergoing remnant gastrectomy
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Table 2 Demographic, pathological, and surgical characteristics
of the patients undergoing remnant gastrectomy

Characteristics Patients Characteristic Patients
(n=65) (n=65)
Age, years Histologic type
Median 71 Differentiated 58 (89.2%)
Interquartile range 63.5-76 Undifferentiated 7 (10.8%)
Sex Pathological T factor
Male 55 (84.6%) 1/2/3/4 30/7/16/12
Female 10 (15.4%) Pathological N factor
ASA 0/1/2/3/X 43/9/8/1/4
1 8 (12.3%) Pathological Stage
2 50 (76.9%) 1/1/1/IV 37/10/9/7
3 7(10.8%) Type of remnant gastrectomy
Body mass index, kg/m? Total 49 (73.2%)
Median 20.8 Partial 16 (26.8%)
Interquartile range 19.2-234 Operation time, min
Previous disease Median 320
Benign 17 Interquartile range 260-372.5
Malignant 48 Blood loss, mL
Previous reconstruction Median 310
Billroth | 23 (35.4%) Interquartile range 209-515
Billroth I 20 (30.8%) Number of retrieved lymph nodes
Others 22 (33.8%) Median 12
Years since previous surgery Interquartile range 6-19
Median 12 Number of positive lymph nodes
Interquartile range 6.5-24.5 Median 0
No. of comorbidities Interquartile range 0-1
0 24 (36.4%) 0 43
1-2 37 (56.1%) 1-3 10
>3 5(7.5%) 4-20 8
ASA, American Society of Anesthesiologists X 4
Adjuvant therapy
Yes 4 (6.1%)
No 61 (93.9%)

significant differences in the survival rate between
patients with values above and below the cut-offs for all
pathological factors examined.

The overall survival curves based on each pT stage
are shown in Supplemental Fig. 2. There were signifi-
cant differences in the survival between patients with
tumors of different pathological T stages (pT1 and pT2,
pT1 and pT3, and pT1 and pT4).

The overall survival curves based on the surgical
characteristics are shown in Fig. 3. There were signifi-
cant differences in the survival rate between patients
with values above and below the cut-offs for intraopera-
tive blood loss, operation time, and the number of posi-
tive lymph nodes. However, no significant differences
in the survival rate were noted between patients who
underwent different remnant gastrectomy procedures

or between those with values above and below the cut-
off for the number of retrieved lymph nodes.

Multivariate analysis of prognostic factors

Multivariate analysis revealed that the T stage (hazard
ratio, 5.593; 95% confidence interval [CI], 1.183-26.452;
p=0.030) and venous invasion (hazard ratio, 3.351; 95% CI,
1.030-10.903; p=0.045) were significant independent risk
factors for the long-term survival of patients who under-
went radical resection for RGC (Table 3).
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Fig. 1 Long-term survival outcomes based on clinical factors: A age, B body mass index, C diabetes mellitus (DM), D hypertension (HT), E
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Fig. 2 Long-term survival outcomes based on pathological factors: A pathological T stage, B lymph node metastasis, C lymphatic invasion, D
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Fig. 3 Long-term survival outcomes based on surgical factors: A intraoperative blood loss, B operation time, C number of retrieved lymph nodes, D

Table 3 Multivariate analysis of prognostic factors using the Cox proportional hazard model

Prognostic factors HR 95% Cl 95% Cl P
Lower limit Upper limit

T factor 5.593 1.183 26452 0.030

(T2-T4/T1)

N factor 2.535 0.643 9.991 0.184

(N+/N-)

Ly factor 0.364 0.098 1.361 0.133

(Ly+/Ly—)

V factor 3.351 1.030 10.903 0.045

(V+/V=)

Histological type 0481 0.184 1.258 0.136

(tub1, tub2/por, sig, others)

Tumor size 2499 0.627 9.960 0.194

(>34 mm/<34mm)

The number of positive lymph nodes 0481 0.133 1.739 0.265

(>1/21)

Cl, confidence interval; HR, hazard ratio

Discussion

The survival rate of patients with gastric cancer has
improved due to early detection and treatment [10, 11].
As a result, more patients may develop RGC [5]. Previous
studies have indicated that the pattern of reconstruction
is associated with the incidence and location of the RGC
[6-8, 12, 13]. However, there have been few reports on
the long-term prognosis and associated clinicopathologi-
cal factors of remnant gastrectomy, and its management

remains controversial. Therefore, in this study, we exam-
ined the clinicopathological factors associated with the
long-term outcomes of RGC.

Our findings showed that the pathological T stage
and venous invasion were significant independent risk
factors for survival among patients with RGC; however,
the pathological N stage was not significantly associ-
ated with long-term survival. Several studies have sug-
gested that endoscopic surveillance is crucial, because
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early detection of RGC leads to a better prognosis [5, 6,
8, 14]. Thus, given the prognostic advantage of detect-
ing RGC at an early T stage, follow-up endoscopy after
distal gastrectomy is recommended for all patients.
However, there is no consensus on the extent of lym-
phadenectomy during surgery for RGC. Since a lymph
node dissection was performed in a previous surgery,
the N factor in our current study might not be asso-
ciated with the prognosis for RGC. However, in the
current study, we found that venous invasion was an
independent risk factor, along with the T stage. Nishi-
beppu et al. showed that venous invasion was a risk
factor for recurrence after gastrectomy followed by
adjuvant chemotherapy for stage III gastric cancer
[15]. Another study showed that venous and nerve
invasion were prognostic factors of postoperative sur-
vival in patients with resectable cancer of the rectum
[16]. Based on these results, including our analysis, we
believed that venous invasion could be an important
risk factor for prognosis. Thus, we recommend that
RGC with venous invasion should be specifically tar-
geted to improve the prognosis of patients and suggest
the possibility of it serving as an indication for more
intensive treatment, such as adjuvant chemotherapy.
Some studies have reported that early diagnosis and
curative resection are important to improve prognosis
[17, 18]; however, there have been no studies on the
association of venous invasion with worse prognosis.
Therefore, evaluating venous invasion may help deter-
mine therapeutic strategies, including adjuvant chemo-
therapy, for RGC.

In this study, we did not test for Helicobacter pylori
(HP) infection in the RGC patients. A previous study
suggested that prophylactic HP eradication after endo-
scopic resection of early gastric cancer might be effec-
tive for preventing the development of metachronous
gastric carcinoma [19]. However, the importance of HP
eradication after gastrectomy remains unclear because
some researchers reported that a positive HP test may
be an independent risk factor for cancer recurrence
[20], while other researchers indicated that HP eradi-
cation in patients with GC who underwent distal gas-
trectomy did not contribute to long-term postoperative
survival [21]. Thus, we considered that performing
follow-up endoscopy was more crucial than eradicat-
ing HP, due to the high number of elderly patients with
RGC.

This study had some limitations. First, this study was
a single institutional retrospective study with a rela-
tively small sample size and limited clinical analysis
of HP infection, due to our inability to obtain detailed
data. Recently, some studies have been conducted
regarding HP infection after gastrectomy. In the future,
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we should determine the relationship between RGC
and HP infection, using accumulated prospective data.

Second, the number of patients in each category was
unequal: the number of patients with initial malig-
nant tumors was higher than that of patients with ini-
tial benign tumors. However, this difference may be
attributable to the recent trend of prolonged survival in
patients with cancer.

Conclusions

Although some patients had lymph node metastasis,
the important prognostic factors for long-term sur-
vival of patients with RGC were the T stage and venous
invasion. Therefore, they may be keys to managing and
identifying therapeutic strategies for RGC to achieve
better prognosis.
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