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Abstract
Background Surveillance after curative surgery for gastric cancer is conventionally performed for 5 years. However, the 
appropriate follow-up period remains controversial.
Methods This study retrospectively compiled a clinicopathological database of patients who underwent curative gastrectomy 
between 1975 and 2010 at Toranomon Hospital and were reviewed until March 2020. Analyzing the follow-up rate and 
recurrence rate for each stage in each postoperative year, we set each follow-up endpoint when the subsequent recurrence 
rate fell below 1%.
Results A total of 5235 patients were eligible for inclusion in the study. The rate of patients followed up for 5 years was 
90.3%. The rates of follow-up were 52.7% at 10 years, 38.3% at 15 years, and 10.3% at 20 years. Recurrence was confirmed 
in 850 patients in total (16.2%) and in 50 patients beyond 5 years. The adequate follow-up endpoints according to stage 
(with < 1% recurrence risk) were 2 years for stage IA, 4 years for IB, 6 years for IIA, 9 years for IIB, 7 years for IIIA, and 
8 years for IV (curative). For stage IIIB and IIIC, the recurrence risk remained.
Conclusions The adequate surveillance duration of resected gastric cancer might be different in each stage. Although the 
follow-up duration for stage I disease could be reduced to less than 5 years, advanced gastric cancer such as stage III or IV 
disease has risk of recurrence beyond 5 years and therefore additional follow-up is required. These results could help decide 
the strategy for surveillance.
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Introduction

Surgeons are sometimes faced with the unresolved issue of 
deciding the follow-up strategy following curative surgery 
for gastric cancer [1]. Intervals and durations of surveillance 
differ based on the clinician’s preference and institutional 
practice guidelines [2–5]. Recommendations in interna-
tional guidelines include postoperative follow-up for most 
cancers, despite the fact that the role of follow-up in improv-
ing overall survival is not yet clear for all types of tumors. 
[6–9] Based on the Japanese gastric cancer treatment guide-
lines [10], most surgeons in Japan conventionally carry out 

postoperative surveillance for gastric cancer after curative 
surgery for 5 years. However, it remains controversial as 
to whether surveillance as a specific follow-up strategy can 
provide survival advantage by means of early identification, 
how often recurrences occur in each postoperative year and 
how long patients should receive surveillance.

Surgeons sometimes encounter patients with recurrence 
beyond 5 years post-gastrectomy, even when the patients had 
been disease-free for 5 years. However, there are few reports 
of recurrence beyond 5 years post-gastrectomy because the 
follow-up programs usually end in 5 years and curability 
postoperatively is often estimated with the 5-year survival 
rate [11, 12]. Previous reports have indicated that recurrence 
after gastric resection occurs within the first 3 years in most 
cases [1, 13, 14]. Nevertheless, the efficacy of surveillance 
for gastric cancer had not been adequately proven. Sev-
eral studies have shown that follow-up after gastric cancer 
resection provides no evident survival benefit [15], intensive 
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follow-up did not significantly influence overall survival 
[16], and a shorter surveillance interval was not beneficial 
for improved survival [17].

In contrast, intensive surveillance after curative resec-
tion of colorectal cancer has been demonstrated to improve 
overall survival [18–21]. According to the Japanese Society 
for Cancer of the Colon and Rectum (JSCCR) Guidelines for 
treatment of colorectal cancer [22] the recommended period 
of surveillance is 5 years, as for most patients recurrence is 
usually detected within 5 years post-gastrectomy and the 
incidence of recurrence beyond this is less than 1%. While 
the oncological features of gastric cancer differ from those of 
colorectal cancer, advances in various treatments for gastric 
cancer have made it pertinent to re-assess the significance 
of surveillance for resected gastric cancer.

Our department has data on many patients with long-term 
follow-up beyond 5 years, including screening test data, and 
we have maintained a robust database since 1975. In this 
study, we therefore analyzed the accumulated data on recur-
rence following curative resection for gastric cancer in each 
pathological stage to evaluate the adequate duration of sur-
veillance for detecting recurrence in this patient population.

Methods

Population

We analyzed clinical and pathological information input 
into our database of patients who underwent gastrectomy 
between 1975 and 2010 at the Department of Gastroen-
terological Surgery, Toranomon Hospital. In principle, 
gastrectomy was performed with concurrent D1 + lymph 
node dissection (for early stage gastric cancer) or D2 lymph 
node dissection (for advanced disease). Patients fulfilled the 
criteria for histologically proven gastric cancer and macro-
scopically curative resection. Staging and histopathologi-
cal grading were performed based on the 3rd edition of the 
Japanese Classification of Gastric Carcinoma [23]. Patients 
were categorized as stage IA, IB, IIA, IIB, IIIA, IIIB, IIIC, 
or IV with curative resection. The collected data included 
age, sex, surgical procedure, method of approach, location, 
invasion depth, lymph node metastasis, distant metastasis, 
and histologic type.

Methods of surveillance

Follow-up evaluation was based on history, findings on clini-
cal examination, results of blood tests including tumor mark-
ers, and findings on imaging studies and endoscopy. Blood 
examination was repeated at 3-month interval in postopera-
tive year 1 and every 3 or 6 months thereafter. Computed 
tomography (CT) was carried out every 6 months, with 

yearly endoscopy as screening for cancer in the gastric rem-
nant. In addition to this routine follow-up regimen, patients 
consulted us if they had clinical symptoms that raised suspi-
cion of disease recurrence. For suspected metastasis to bone, 
brain, lung, and/or other sites, bone scintigraphy, chest or 
brain CT, or positron emission tomography-CT were per-
formed. We regarded recurrence sites undetected by these 
modalities as not being recurrence, continued the surveil-
lance examination, and diagnosed the recurrence when con-
firming obvious abnormal lesions.

The period under review in this study was from January 
1975 to March 2020. Patients’ records were documented 
until disease recurrence or until the last date they were con-
firmed to have been alive with no recurrence. The duration 
of follow-up was defined as the interval between surgery 
and the last documented review. For patients with gastric 
cancer recurrence, the duration of follow-up was defined as 
the interval between surgery and recurrence.

After recurrence was detected, appropriate treatments 
including chemotherapy were administered at the discretion 
of the treating surgeons, regardless of the pattern such as 
local recurrence, peritoneal dissemination, liver metastasis, 
or/and distant metastasis. Recurrence was defined only by a 
reappearance of primary gastric cancer. The second primary 
cancer in the stomach or non-gastric cancer were not clas-
sified as recurrence in this study, because our focus was on 
recurrence of the resected primary lesion.

Definition of the adequate follow‑up duration

We named the recurrence rate that would occur beyond the 
specified time point as the “future recurrence rate”. This 
rate was calculated by subtracting the number of cases that 
already had recurrence from the total number of recurrences. 
In this study, the adequate follow-up period was defined as 
the length of time it took for the future recurrence rate to fall 
below 1%, designated the “follow-up endpoint”. Under the 
JSCCR guidelines [22], the premise of 5 years of surveil-
lance is based on the less than 1% incidence of recurrence 
beyond 5 years. Thus, we set the cut-off value as the time 
taken to reach less than 1% of the future recurrence rate.

Evaluations and statistical analysis

The primary endpoint of this study was the duration until the 
recurrence risk for each year fell to below 1%. We showed 
recurrence-free survival (RFS) and disease-free survival 
(DFS) using Kaplan–Meier analysis in each pathological 
stage of gastric cancer. DFS is defined as the time to recur-
rence or death without recurrence. The recurrence risk was 
calculated in each postoperative year by stage. That denomi-
nator is the number of patients with remaining recurrence-
free at the start of each interval, excluding the number of 
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censored cases, deaths without recurrence, and recurrent 
cases. The Clopper-Pearson method was used for the assess-
ment of 95% confidence intervals (CIs).

Computations were performed using IBM SPSS Statistics 
ver. 23 (IBM Corp., Armonk, NY).

This study was conducted with approval from the Ethics 
Committee of Toranomon Hospital (approval no. 1396).

Results

Patient characteristics

Figure  1 shows the study flow diagram. In total, 5650 
patients were diagnosed as having gastric cancer and under-
went gastrectomy. Exclusions were cases with non-curative 
resection (415 patients), which left 5235 patients eligible 
for this study.

Table 1 shows the demographics and tumor characteris-
tics of these 5235 patients who underwent curative gastrec-
tomy. Median age was 62 (range, 18–98) years and 72.5% of 
the patients were male. Total gastrectomy was performed in 
30.8% of patients and the laparoscopic approach was used 
in 5.0%. In terms of the pathology, undifferentiated type was 
observed in 29.8% of patients; 6.7% had curatively resected 
distant metastasis, which is stage IV disease without residual 
tumor. On categorizing the patients based on the 3rd edi-
tion of the Japanese Classification of Gastric Carcinoma 
[6], stage IA was observed in 2689 patients (51.4%), stage 
IB in 493 (9.4%), stage IIA in 495 (9.5%), stage IIB in 427 
(8.2%), stage IIIA in 300 (5.7%), stage IIIB in 267 (5.1%), 
stage IIIC in 212 (4.1%), and stage IV with curative resec-
tion in 352 (6.7%).

Recurrence‑free survival and disease‑free survival

RFS and DFS curves according to each stage are shown in 
Fig. 2. The 5-year RFS rate was 99.0% for stage IA, 97.0% 
for stage IB, 88.3% for stage IIA, 73.8% for stage IIB, 67.4% 
for stage IIIA, 55.7% for stage IIIB, 29.9% for stage IIIC, 
and 25.4% for stage IV (curative). Almost all patients died 
after recurrence, with a median survival time of 8 months. 
One patient who had mediastinal lymph node metastasis sur-
vived for 84 months after recurrence.

Follow‑up rate

Follow-up rates are shown in Fig. 3. Overall, 90.3% of all 
patients with resected gastric cancer received surveillance 
for 5 years. A total of 506 patients were lost to follow-up 
(either stopped attending follow-up visits without notice or 
went to other hospitals for further follow-up) by the end of 
postoperative year 5, along with 218 patients of death with-
out recurrence. The follow-up rate was 52.7% at 10 years, 
38.3% at 15 years, 10.3% at 20 years, and 2.9% at 25 years.

Recurrence risk

The recurrence rates for each stage in each postoperative 
year are shown in Table 2. In total, 850 (16.2%) of the 5235 
patients who had undergone curative resection developed 
recurrence. This table shows that cases of early gastric can-
cer, such as stage IA or IB, had low recurrence rates through-
out the entire period. Conversely, advanced gastric cancer, 
especially stage III or IV, had relatively high recurrence 
rates in the early period. It is relatively rare that patients 
develop recurrence beyond 5 years post-gastrectomy; 50 of 
all the curatively resected cases developed recurrence after 

Fig. 1  A total of 5235 patients 
underwent curative gastrectomy 
for gastric cancer from 1975 to 
2010. The number at each stage 
is shown
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this point, most of which were advanced gastric cancers of 
stage IIB or higher disease. The period keeping over 1% of 
recurrence risk in all cases was 6 years post-gastrectomy. 
Figure 4 presents the shift of recurrence rates with 95% CIs 
in each 1-year interval for each stage. For stage I or II, the 
recurrence rate by year never exceeds 1% after 7 years. For 
stage III or IV, the rate could not reach keeping less than 1% 
even over 7 years.

Future recurrence rate

We calculated future recurrence rates based on the recur-
rence rate in each postoperative year. Future recurrence rates 
and the follow-up endpoint in each postoperative year are 
shown in Table 3, which indicates the time when over 99% 
of the patients would no longer develop recurrence. Also, 
Fig. 5 shows the shift of future recurrence rates with 95% 
CIs for each stage for 10 years. Each follow-up endpoint 
was observed at 2 years after primary surgery for stage IA, 
4 years after for stage IB, 6 years after for stage IIA, 9 years 
after for stage IIB, 7 years after for stage IIIA, and 8 years 
after for stage IV without residual tumor. For stage IIIB and 
IIIC, the future recurrence rate could not achieve below 1% 
even for over 10 years.

Recurrence pattern

The pattern and rate of recurrence according to each postop-
erative period are shown in Table 4. Peritoneal dissemination 
was found to have the highest recurrence pattern rate within 
5 years. Although the trends in recurrence rates for each site 
were similar in each postoperative period, the proportion of 
cases of hematogenous metastasis and lymph node metasta-
sis beyond 5 years tended to increase, but the proportion of 
peritoneal dissemination beyond 5 years did not.

Discussion

Gastric cancer continues to be one of the main causes of 
cancer death in the world. Surgical treatment either as pri-
mary therapy for early stage disease or secondary treatment 
after chemotherapy for local advanced disease is a critical 
prognostic factor for this cancer. Recurrence is a common 
problem after gastrectomy and eventually leads to death. The 
main goal in proper follow-up for patients following cura-
tive surgery should be primarily to identify asymptomatic 
recurrence, such as local recurrence, liver or lung metastasis, 
lymph node metastasis, and peritoneal dissemination, at a 
treatable stage. This may lead to quick and effective treat-
ment and improved long-term survival. Several international 
organizations and authors have reported reviews on surveil-
lance post-gastrectomy [11, 15, 24], but previous reports 
state that surveillance did not provide survival benefit and 
did not adequately show the accurate frequency or timing of 
recurrence or the adequate follow-up duration.

It is currently unclear whether the follow-up period 
should be the same for early gastric cancer and advanced 
disease. If the timing and rate of recurrence differ at each 
stage, then the adequate follow-up time should also dif-
fer. Bilici et al. [14] demonstrated the patterns and time of 
recurrence after proximal gastrectomy at each stage I, II, and 

Table 1  Clinicopathological features of patients who underwent cura-
tive gastrectomy

Variable n (%)

Median age, years (range) 62 (18–98)
Sex Male 3745 (71.54)

Female 1490 (28.46)
Procedure Total gastrectomy 1611 (30.77)

Distal gastrectomy 3078 (58.80)
Proximal gastrectomy 394 (7.53)
Pylorus-preserving gas-

trectomy
172 (3.29)

Approach Open 4991 (95.34)
Laparoscopic 264 (5.04)

Location Proximal 1225 (23.40)
Distal 3787 (72.34)
Diffuse 223 (4.26)

Histologic type Differentiated 3674 (70.18)
Undifferentiated 1561 (29.82)

Depth of invasion T1a 1567 (29.93)
T1b 1428 (27.28)
T2 569 (10.87)
T3 762 (14.56)
T4a 828 (15.82)
T4b 81 (1.55)

Lymph node metastasis N0 2372 (45.31)
N1 618 (11.81)
N2 536 (10.24)
N3 601 (11.48)

Distant metastasis M0 4883 (93.28)
M1 352 (6.72)

Stage IA 2689 (51.37)
IB 493 (9.42)
IIA 495 (9.46)
IIB 427 (8.16)
IIIA 300 (5.73)
IIIB 267 (5.10)
IIIC 212 (4.05)
IV 352 (6.72)
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III. Shiraishi et al. [25] reported on recurrence rates within 
2 years and those beyond 2 years in stage I/II and stage III/
IV, respectively. How the recurrence rates and time differ in 
each stage is poorly documented, however. In this study, we 
retrospectively reviewed the time and rates of recurrence 
after curative resection and systematic lymphadenectomy 
for gastric cancer, and we could successfully determine the 
adequate follow-up endpoint for each pathological stage.

As for all stages, the conventional follow-up period for 
5 years seems reasonable because almost 99% of recurrences 
could be eliminated. As in previous reports [25–27], most 
recurrences of resected gastric cancer in our study tended to 
occur in the early stage, where more than 80% of recurrences 

were detected within 3 years after the primary surgery. At 
the same time, our study additionally revealed that the ade-
quate follow-up periods varied depending on stage; within 
5 years for stage I and beyond 5 years for stage II, III, and 
IV disease. Most cases with early gastric cancer have an 
eliminated risk of recurrence at an early stage within 5 years, 
suggesting that it may be possible to shorten the period of 
surveillance. The European Society for Medical Oncology 
(ESMO) clinical guideline also indicated that follow-up 
should be tailored to the individual patient and the stage 
of the disease [28]. However, it is also necessary to keep 
in mind that even if patients are recurrence-free for 5 years 
post-gastrectomy, there is a chance of recurrence beyond 
5 years. Also, attention should be paid to the fact that a slight 
possibility of subsequent recurrence remains for stage I dis-
ease due to the large population. Moon et al. [29] reported 
that 10.8% of 5-year survivors of advanced gastric cancer 
who underwent radical resection and adjuvant chemotherapy 
developed recurrence. Our study also showed that the late 
recurrence rate beyond 5 years would be relatively high in 
stage III disease, at 4.5% of those with 5-year recurrence-
free survival. These risks of late recurrence suggest that it 
is better to prolong the period of surveillance in such cases. 
The rate of hematogenous and lymphogenous metastasis 
tended to increase but not that of peritoneal dissemination. 
The results of our study can help provide additional infor-
mation to patients, and 99% of the recurrence risk can be 
eliminated in each stage when surveillance is terminated.

Our clinical practice of surveillance is based on the Japa-
nese treatment guidelines for gastric cancer. Appropriate 
surveillance will provide an opportunity to treat recurrence 
before performance status worsens in the asymptomatic 
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stage. Blood tests are performed to check tumor markers, 
nutritional changes, or/and other evidence of dysfunction. 
These tests are readily available, but their sensitivity and 
specificity to recurrence are not high. Annual endoscopy is 
effective in screening for recurrence at the anastomosis site 
or for detecting new lesions in the remnant stomach. Abdom-
inal CT is used to detect intraabdominal recurrence. CT was 
reported to be the most useful investigation for detecting 
recurrence [17] and, indeed, many recurrences in our study 
were detected by CT, supported by additional investiga-
tions. The benefit of intensive surveillance after curative 
gastrectomy is reported to be limited, in contrast to that for 
colorectal cancer, because most curative treatment modali-
ties may not be applicable for recurrent gastric cancer [17]. 
Unfortunately, almost all cases with recurrence in our series 
were ultimately mortalities. Although recently the prognosis 
after recurrence has improved gradually with advances in 
treatment regimens and the efficacy of chemotherapy for 
recurrent disease, it is still inadequate. Our study could 
not definitively indicate the effect of surveillance or early 
identification of recurrence on overall survival. However, 
various treatment methods including chemotherapy, radio-
therapy, and immuno-oncology therapy have recently been 
developed. Hence, if the curability rates for some recurrent 
lesions improve, early detection of recurrence may lead to 
better prognosis for recurrent gastric cancer in the future.

In this study, we designated the adequate follow-up end-
point as the future recurrence rate falling below 1%. Cur-
rently, there is a paucity of evidence for determining this 
endpoint, so the accuracy of our designation could be con-
troversial. However, we believe that it has some merit given 
the lack of major disagreement between our result and the 
conventional recommendation stated in the gastric cancer 
guidelines. Also, using this endpoint in our large dataset now 
makes it possible to tell patients some clearer information 
about how much recurrence risk remains, and doctors can 
utilize this information in surveillance. The validity of this 
cutoff point should also be considered from the viewpoint 
of cost-effectiveness. Although patients in our department 
tend to undergo long-term surveillance, it should be noted 
that continuing surveillance beyond 5 years to detect addi-
tional recurrence might cause psychosocial harm or impose 
economic burden on them. Kodera et al. [26] reported that 
early detection of asymptomatic gastric cancer recurrence 
did not improve overall survival and that close follow-up 
might not be cost-effective. These potentially unwanted 
influences from recurrence-focused surveillance should be 
taken into account.

A strength of our study is the uniform surgical approach 
that has remained essentially unchanged over the years due 
to practice in a single institution. Also, patients were man-
aged with a consistent follow-up program over the long 
postoperative period, which allowed relatively accurate Ta
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identification of the clinicopathological features of the 
patients and the time, location, and frequency of recurrent 
disease.

This study also has various important limitations due to 
the large cohort studied, especially including many old cases. 
First, there is a possibility of occult recurrence in patients 
who are lost to follow-up, our calculation may have some 
bias and so may not provide an accurate assessment. How-
ever, among patients with recurrence after the end of follow-
up, most returned to our department and received treatment. 
For this reason, we believe that our results would not pro-
vide a critical contradiction. Second, this was a retrospective 
study conducted at a single institution, so the number of 
cases with recurrence beyond 5 years is small. Therefore, 
obtained information has uncertainty in this study, and there 
might be different results if the sample size were increased. 
Third, the differences in clinical parameters of the patients 
could be confounders in this study. For example, transitions 
in the surgical methods or/and perioperative chemotherapy 
regimens might affect recurrence time. A meta-analysis 
showed that postoperative adjuvant chemotherapy may pro-
vide a benefit on overall survival and disease-free survival 
in gastric cancer compared with surgery alone [30]. Specifi-
cally, we started the addition of adjuvant chemotherapy with 
S-1 for patients with stage II and higher from 2000, because 
adjuvant chemotherapy had become the standard treatment 
[31]. We are assuming that the late recurrence rate would 

not change significantly between before and after 2000, 
but further studies might be needed to confirm this. Ulti-
mately, we focused on recurrence of resected primary gastric 
cancer in this study, so we did not include second primary 
cancers. Of course, regular endoscopy is required to detect 
new lesions and this would, by implication, be similar to a 
medical examination. While we eliminated regular endos-
copy from surveillance for primary lesion recurrence, it is 
important to explain to the patient the risk of second primary 
cancer and recommend that they continue to receive regular 
medical examinations. We anticipate that future studies will 
help provide better follow-up strategies to improve overall 
and recurrence-free survival and to identify more effective 
markers and their ability to predict recurrence.

In conclusion, this study presented the recurrence rate 
in each postoperative year and the adequate follow-up end-
point. Although recurrence rate after postoperative year 5 
was about 1% of all resected cases, the adequate surveil-
lance duration of resected gastric cancer might be different 
in each stage. Thus, the follow-up period in stage I disease 
could be shortened if the adequate endpoint of surveillance 
is set considering less than 1% risk of recurrence. However, 
the risk of recurrence persists beyond 5 years in advanced 
gastric cancer such as stage III or IV disease, so additional 
surveillance might be required. These results could help 
decide the surveillance duration following curative resec-
tion of gastric cancer.
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