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Background: Due to lacking evidence on surveillance for gastric cancer (GC), this study aimed to determine the optimal
postsurgical surveillance strategy for pathological stage (pStage) II/III GC patients and compare its cost-effectiveness with traditional
surveillance strategies.
Methods: Prospectively collected data from stage II/III GC patients (n=1661) who underwent upfront surgery at a large-volume
tertiary cancer center in China (FJMUUH cohort) between January 2010 and October 2015. For external validation, two independent
cohorts were included, which were composed of 380 stage II/III GC patients at an tertiary cancer center in U.S.A (Mayo cohort)
between July 1991 and July 2012 and 270 stage II/III GC patients at another tertiary cancer center in China (QUAH cohort) between
May 2010 and October 2014. Random forest models were used to predict dynamic recurrence hazards and to construct individual
surveillance strategies for stage II/III GC. Cost-effectiveness was assessed by the Markov model.
Results: Themedian follow-up period of the FJMUUH, the Mayo, and QUAH cohorts were 55, 158, and 70months, respectively. In
the FJMUUH cohort, the 5-year recurrence risk was higher in pStage III compared with pStage II GC patients (P<0.001). Our novel
individual surveillance strategy achieved optimal cost-effectiveness for pStage II GC patients (ICER = $490/QALY). The most
intensive NCCN surveillance guideline was more cost-effective (ICER =$983/QALY) for pStage III GC patients. The external
validations confirmed our results.
Conclusion: For patients with pStage II GC, individualized risk-based surveillance outperformed the JGCTG and NCCN
surveillance guidelines. However, the NCCN surveillance guideline may bemore suitable for patients with pStage III GC. Even though
our results are limited by the retrospective study design, the authors believe that our findings should be considered when
recommending postoperative surveillance for stage II/III GC with upfront surgery in the absence of a randomized clinical trial.
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Introduction

Gastric cancer (GC) ranks fifth for incidence and fourth for mor-
tality globally. GC has a high recurrence rate despite the recent
advances in chemotherapy and molecular targeted therapy[1–3].

The current National Comprehensive Cancer Network
(NCCN) guidelines and Japanese gastric cancer treatment

guidelines (JGCTG) recommend routine follow-up to detect
recurrence on time[4,5]. However, the development of existing
follow-up strategies was mainly based on experts’ consensus and
researches on recurrence patterns due to the lack of direct evi-
dence and unified standards. On the one hand, it is unreasonable
to carry out the same postsurgical surveillance for all pathological
stage (pStage) II/III GC patients. On the other hand, unnecessary
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surveillance also increases the economic burden on low-risk
patients. Therefore, the development of individualized post-
operative follow-up strategies for patients with pStage II/III GC is
of great clinical significance and economic value.

In addition to the early detection of recurrence, the optimal
follow-up strategy should also balance cost and effectiveness.
However, there are no criteria for the arrangement of follow-up
in different guidelines, and the optimal postoperative follow-up
strategy for patients with pStage II/III GC remains to be deter-
mined. Therefore, our international multi-institution study first
adopted a random survival forest (RSF) and Markov model to
evaluate the dynamic risk of recurrence and the cost-effectiveness
of postoperative follow-up. We aimed to establish optimal indi-
vidualized surveillance strategies for patients with pStage II and
pStage III GC, providing a theoretical basis for follow-up.

Methods

Based on a prospective GC database, 2417 patients with primary
gastric adenocarcinoma who underwent curative gastrectomy at
FJMUUH between January 2010 and October 2015 were
identified.

The inclusion criteria of the FJMUUH cohort were as follows:
(1) Eastern Cooperative Oncology Group (ECOG) scores of 0
(asymptomatic) or 1 (symptomatic but completely ambulatory);
(2) pathologically confirmed AGC (pStage II and III, except
pT4b); (3) no distant metastasis or invasion of adjacent organs
(e.g. pancreas, spleen, liver, and colon) detected intraoperatively
or postoperatively; and (4) D2 lymph node dissection of GC.

The exclusion criteria of the FJMUUH cohort were as follows:
(1) American Society of Anesthesiologists (ASA) grade > 2; (2)
remnant gastric or neuroendocrine cancer; (3) history of neoad-
juvant chemotherapy; (4) palliative surgery; and (5) death within
30 days after surgery.

Ultimately, 1661 patients were included in the FJMUUH
cohort. Moreover, we included a western cohort (Mayo cohort)
of 380 patients diagnosed between July 1991 and July 2012 and a
Chinese cohort (QUAH cohort) of 270 patients who underwent
gastrectomy between May 2010 and October 2014 (eFig 1,
Supplemental Digital Content 3, http://links.lww.com/JS9/B131)
as external validation cohorts. All surgeons had rich experience in
performing curative gastrectomy (more than 100 operations
annually). This study passed the Institutional Review Board (IRB
number: 2022KY106) and followed the STROCSS criteria and
guidelines[6]. Due to the retrospective and observational design,
the IRB waived the need for informed consent for this study. The
study was registered at Clinical Trials.gov.

Cancer staging

GC was defined according to the American Joint Committee on
Cancer (AJCC) pathological stage (pStage) II to III, excluding
T4b tumors (stage II: T2N1-2M0, T3N0-1M0, and T4aN0M0;
stage III: T2N3M0, T3N2-3M0, and T4aN1-3M0). Consistent
with previous studies[7,8], to avoid themisjudgment of recurrence,
patients with distant metastasis (M1) were excluded in this study.
The Japanese Classification was used to categorize tumors as
localized, locally advanced, or metastatic[9]. Further categoriza-
tion into staging subgroups was done based on the AJCC Cancer
Staging Manual, 8th edition[10].

Definition

Recurrence-free survival (RFS) was defined as the period from
surgery to the first detection of recurrence. Recurrences were
categorized according to the involved site into locoregional,
peritoneal, distant, or multiple[7] (Specific definitions were seen in
Supplemental File 1 named ‘Supplementary of Definition and
Statistical method’, Supplemental Digital Content 1, http://links.
lww.com/JS9/B129). All recurrences were documented by
pathological diagnosis, radiological imaging, or both.

Follow-up schedule

The median follow-up times of the training cohort and the two
independent external validation cohorts were 55, 158, and
70 months, respectively. Follow-up was conducted according to
the 2018 Japanese Gastric Cancer Treatment Guidelines (ver.
5)[5]. In general, follow-up was performed every 3 months for the
first 2 years and every 6 months thereafter, within 5 years.
Follow-up care consisted of the physical examination, laboratory
tests, chest radiographs, abdominal ultrasound, abdominopelvic
CT images, and annual gastroscopy. Further, MRI and PET-CT
were performed whenever deemed necessary. A recurrence
diagnosis was confirmed when radiological evidence was posi-
tive. Patients were followed up until death or until the cut-off
dates of April 2020 in the FJMUUH cohort, July 2017 in the
Mayo cohort, and January 2019 in the QUAH cohort. Patients
who were lost to follow-up and died of surgery were censored.

Traditional follow-up strategies

In the present study, we searched two widely used guidelines, the
NCCN guideline and JGCTG, for postoperative management of
patients with GC (details were seen in Supplemental File 1 named
‘Supplementary of Definition and Statistical method’,
Supplemental Digital Content 1, http://links.lww.com/JS9/B129).

Statistical analysis

The data are presented asmean ± SD for continuous variables and
as numbers for categorical variables. The distributions of each
continuous and categorical variable were compared using the
Student’s t-test, χ2 test, or categorical Fisher’s exact test, as
appropriate for each variable. Cox proportional hazards models
were used to estimate hazard ratios (HRs) for disease recurrence.

HIGHLIGHTS

• Our international multi-institution study first adopted a
random survival forest model to predict the dynamic risk of
recurrence and evaluated cost-effectiveness among differ-
ent surveillance strategies through the Markov model.

• For patients with pStage II GC, individualized risk-based
surveillance (12 visits) outperformed the JGCTG and
NCCN surveillance guidelines.

• For patients with pStage III GC, the NCCN surveillance
guideline maybe more suitable.
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Random survival forest model

We used the RSF model to simulate the monthly time-specific
recurrence probabilities for patients with pStage II and pStage III
GC. The RSF methodology produced a risk-adjusted survival
curve for each patient group. The RSF methodology was pro-
cessed using R in the Forest SRC package[11,12].

Establishment of a risk-based follow-up strategy

We assumed the total number of visits to range from 5 to 20
times. Follow-up visits were assigned each month based on the
monthly probability of recurrence[13] (Supplementary Table 1,
Supplemental Digital Content 2, http://links.lww.com/JS9/B130).
The second column of Supplementary Table 1 shows the monthly
probability of recurrence. Given the specific number of follow-
ups (12 visits for pStage II GC), risk-based follow-ups were
allocated to each month in the third column (details of principle
were seen in Supplemental File 1 named ‘Supplementary of
Definition and Statistical method’, Supplemental Digital Content
1, http://links.lww.com/JS9/B129).

Evaluation of different strategies

Delayed detection months analysis

A hypothetical cohort of 1000 GC patients was generated to
compare the effectiveness of surveillance among the above-men-
tioned strategies by calculating the sum of the delayed detection
months. Delayed detection months were defined as the duration
from the occurrence of failure to the next-nearest follow-up
(details was seen in Supplemental File 1 named ‘Supplementary of
Definition and Statistical method’, Supplemental Digital Content
1, http://links.lww.com/JS9/B129).

Cost-effectiveness analysis

Markov decision analytic models were generated to analyze the
cost-effectiveness of various follow-up strategies at each stage
(eFigure 2, Supplemental Digital Content 4, http://links.lww.
com/JS9/B132)[14,15]. Parameters, including baseline clinical
estimates and utility values required to build the model, were
either derived from previous studies[16–20] or expert opinions if
published data were unavailable. We used the surveillance and
treatment costs reported in 2019 by the Medical Insurance
Administration Bureau in China and the USA (Supplementary
Table 2, Supplemental Digital Content 2, http://links.lww.com/
JS9/B130).

All P-values were 2-sided, with values <0.05 considered sta-
tistically significant. Statistical analyses were performed using R
version 4.0.1 and TreeAge Pro 2011.

Results

Comparison of baseline of clinicopathological
characteristics between pStage II and pStage III in the
FJMUUH and external validation cohorts

The clinicopathological characteristics of the FJMUUH, QUAH,
and Western validation cohorts are seen in Table 1 and
Supplementary Table 3, Supplemental Digital Content 2, http://
links.lww.com/JS9/B130. There were 1661, 270, and 380
patients in the FJMUUH, QUAH, and Western validation
cohorts, respectively. The FJMUUH cohort included 532

(32.0%) pStage II and 1,129 (68.0%) pStage III GC patients
(Table 1). There were 164 (43.2%) pStage II and 216 (56.8%)
pStage III GC patients in the Mayo cohort, and 105 (38.9%)
pStage II and 165 (61.1%) pStage III GC patients in the QUAH
cohort (Supplementary Tables 3 and 4, Supplemental Digital
Content 2, http://links.lww.com/JS9/B130).

In the FJMUUH cohort, there were significant differences
between pStage II and pStage III in terms of sex, tumor differ-
entiation, pathological T stage and N stage, tumor location,
tumor size, peripheral nerve invasion, lymphatic vascular inva-
sion, and the number of examined lymph nodes (Table 1).
Similarly, in the Western validation cohort, there were significant
differences between pStage II and pStage III in terms of age, tumor
differentiation, pathological T and N stages, tumor location,
tumor size, lymphatic vascular infiltration, and the number of
examined lymph nodes (Supplementary Table 3, Supplemental
Digital Content 2, http://links.lww.com/JS9/B130). The differ-
ences between pStage II and pStage III GC of the QUAH cohort
were detailed in Supplementary Table 4 (Supplemental Digital
Content 2, http://links.lww.com/JS9/B130).

Univariable and multivariable analyses associated with
disease recurrence in the FJMUUH cohort

Surgical approach, age, tumor differentiation, pathological T
stage, pathological N stage, tumor location, tumor size, periph-
eral nerve infiltration, lymphatic vascular infiltration, adjuvant
chemotherapy (AC), and Clavien–Dindo grade were associated
with RFS in the training cohort (Table 2). Multivariate analysis
showed that only pathological T stage, pathological N stage,
tumor size, and AC were independent prognostic factors for RFS
(Table 2).

Risk-adjusted Recurrence Probability in pStage III and
pStage II patients of the FJMUUH cohort

In the FJMUUH cohort, 36.4% of patients experienced post-
operative recurrence. Those independent prognostic factors
(T stage, pathological N stage, tumor size, AC) were included in
the RSFmodel for risk adjustment. The variables affecting disease
recurrence in the RSFmodel are ranked according to their relative
importance in eFig 3, Supplemental Digital Content 5, http://
links.lww.com/JS9/B133. Figure 1 showed that the adjusted 5-
year recurrence risk of pStage III GCwas significantly higher than
that of pStage II GC (59.6 vs. 21.3%, respectively, P<0.001).
The same trend was observed for distant, peritoneal, and local
recurrence (pStage III vs. pStage II: distant recurrence, 34.9 vs.
10.0%; peritoneal recurrence, 18.7 vs. 3.5%; local recurrence,
14.2 vs. 3.7%, all P-values <0.001).

Furthermore, Figure 2 and eFig 4 (Supplemental Digital
Content 6, http://links.lww.com/JS9/B134) illustrate the dynamic
recurrence hazard between pStage II and pStage III GC. The
overall recurrence rate of pStage II GC is relatively low, whereas
most recurrences occur within the first year without an apparent
peak. However, the recurrence of pStage III GC peaked at
8.9 months, and most recurrences occurred within 2 years, with a
long hem to the right. Stratified analysis showed no obvious peak
time in peritoneal and local recurrences for pStage II, while the
peak time was 12 months for pStage III. Meanwhile, the recur-
rence hazard of patients with pStage III GC was significantly
higher than that of patients with pStage II GC in peritoneal and
local recurrence. As for distant recurrence, the recurrence hazard
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Table 1
Patient characteristics between pStage II and pStage III in FJMUUH cohort.

Clinical characteristics FJMUUH cohort (n= 1661) pStage II (n= 532) pStage III (n= 1129) P

Age n (%) > 0.999
< 65 years 1029 (62.0) 330 (62.0) 699 (61.9)
≥ 65 years 632 (38.0) 202 (38.0) 430 (38.1)

BMI n (%) 0.147
< 25 kg/m2 1228 (73.9) 377 (70.9) 851 (75.4)
≥ 25 kg/m2 390 (23.5) 140 (26.3) 250 (22.1)
Unknown 43 (2.6) 15 (2.82) 28 (2.48)

Sex n (%) 0.007
Male 1230 (74.1) 417 (78.4) 813 (72.0)
Female 431 (25.9) 115 (21.6) 316 (28.0)

Comorbidity n (%) 0.651
No 1200 (72.2) 380 (71.4) 820 (72.6)
Yes 461 (27.8) 152 (28.6) 309 (27.4)

ASA n (%) 0.468
I 945 (56.9) 310 (58.3) 635 (56.2)
II 716 (43.1) 222 (41.7) 494 (43.8)

ECOG scores n (%) 0.859
0 208 (12.5) 65 (12.2) 143 (12.7)
1 1453 (87.5) 467 (87.8) 986 (87.3)

Surgical approach n (%) 0.297
OG 284 (17.1) 83 (15.6) 201 (17.8)
LG 1377 (82.9) 449 (84.4) 928 (82.2)

Postoperative complication n (%) 0.493
<III 1594 (96.0) 515 (96.8) 1079 (95.6)
≥ III 64 (3.9) 16 (3.0) 48 (4.3)
Unknown 3 (0.2) 1 (0.2) 2 (0.2)

Adjuvant n (%) 0.684
No 425 (25.6) 140 (26.3) 285 (25.2)
Yes 1236 (74.4) 392 (73.7) 844 (74.8)

Oncological characteristics
Histology n (%) < 0.001

High/ moderate differentiated 584 (35.2) 258 (48.5) 326 (28.9)
low differentiated/ undifferentiated 1056 (63.6) 269 (50.6) 787 (69.7)
Gx 21 (1.3) 5 (0.94) 16 (1.42)

Pathologic T Stage n (%) < 0.001
T1 37 (2.2) 36 (6.77) 1 (0.09)
T2 133 (8.0) 106 (19.9) 27 (2.39)
T3 730 (43.9) 312 (58.6) 418 (37.0)
T4a 761 (45.8) 78 (14.7) 683 (60.5)

Pathologic N Stage n (%) < 0.001
N0 255 (15.4) 249 (46.8) 6 (0.53)
N1 283 (17.0) 206 (38.7) 77 (6.82)
N2 391 (23.5) 69 (13.0) 322 (28.5)
N3a 478 (28.8) 8 (1.50) 470 (41.6)
N3b 254 (15.3) 0 (0.00) 254 (22.5)

Pathological TNM Stage of 8th AJCC n (%) < 0.001
IIa 264 (15.9) 264 (49.6) 0 (0.0)
IIb 268 (16.1) 268 (50.4) 0 (0.0)
IIIa 416 (25.0) 0 (0.0) 416 (36.8)
IIIb 450 (27.1) 0 (0.0) 450 (39.9)
IIIc 263 (15.8) 0 (0.0) 263 (23.3)

Tumor Location n (%) 0.002
Lower 639 (38.5) 224 (42.1) 415 (36.8)
Middle 351 (21.1) 106 (19.9) 245 (21.7)
Upper 430 (25.9) 148 (27.8) 282 (25.0)
Mixed 241 (14.5) 54 (10.2) 187 (16.6)

Types of gastrectomy n (%) 0.001
Total gastrectomy 1023 (61.6) 298 (56.0) 725 (64.2)
Partial gastrectomy 638 (38.4) 234 (44.0) 404 (35.8)

Tumor size n (%) < 0.001
< 50 mm 751 (45.2) 338 (63.5) 413 (36.6)
≥ 50 mm 910 (54.8) 194 (36.5) 716 (63.4)
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of pStage III GCwas still significantly higher than that of pStage II
GC with a peak time of 10.2 months for pStage III and
6.1 months for pStage II.

Establishment of risk-based surveillance strategies of the
FJMUUH cohort

Based on the monthly recurrence hazard, we conducted indivi-
dualized risk-based surveillance according to predetermined
rules. Figure 3 shows the risk-based arrangements for patients
with pStage II and pStage III GC at a given total number of fol-
low-up visits (range, 5–20) within 5 years after surgery. Taking
the follow-up schedule of 12 visits for patients with pStage II as an
example, the number of yearly visits was 4, 3, 2, 1, and 2 from
year 1 to year 5, respectively. The follow-up assignments for this
example are presented in Supplementary Table 1 (Supplemental
Digital Content 2, http://links.lww.com/JS9/B130). Generally,
the 5-year distribution of follow-up assignments was even for
patients with pStage II, whereas follow-up assignments were
centered in the first 2 years for patients with pStage III.

Compare the effectiveness of different surveillance
strategies of the FJMUUH cohort

Figure 4 illustrates the comparison of recurrence detection effi-
cacy between individualized risk-based surveillance (dark blue
curve) and traditional surveillance guidelines (red and green
curves). As shown in Figure 4, the number of delayed detection
months of recurrence gradually decreased as the total number of
follow-up visits increased from 5 to 20. For pStage II GC, indi-
vidualized risk-based surveillance shortened the delayed detec-
tion months to a large extent with the same total number of
follow-up visits. For example, the detection efficacy of indivi-
dualized risk-based surveillance (12 visits) outperformed themost
intensive surveillance recommended by the JGCTG guidelines (15
visits; Fig. 4A). For pStage III GC, no obvious advantages can be
seen in individualized risk-based surveillance. Thus, only when
more follow-up visits (17 visits) are arranged can a detection
efficacy comparable to the most intensive surveillance recom-
mended by the JGCTG and NCCN guidelines be achieved
(Fig. 4B).

Cost-effectiveness analysis of the FJMUUH cohort

Using the least-intensity follow-up strategy recommended by the
NCCN guidelines as a reference, an individualized risk-based
surveillance strategy achieved optimal cost-effectiveness with an
ICER of $490 per QALY for pStage II GC compared with the
follow-up strategies recommended by the JGCTG and NCCN

guidelines. For patients with pStage III GC, the most intensive
surveillance recommended by the NCCN guidelines (14 visits)
outperformed individualized risk-based surveillance (17 visits)
($983 per QALY vs. $1266 per QALY) (Supplementary Table 5,
Supplemental Digital Content 2, http://links.lww.com/JS9/B130).

External validation

Similarly, in theMayo cohort andQUAH cohort (Supplementary
Table 6, Supplemental Digital Content 2, http://links.lww.com/
JS9/B130), individualized risk-based surveillance for pStage II
GC established in our study outperformed other surveillance
strategies recommended by the JGCTG and NCCN guidelines in
terms of cost-effectiveness (ICERwas $5509 perQALY and $274
per QALY, respectively). The most intensive surveillance
recommended by the NCCN guidelines (14 visits) showed better
cost-effectiveness than the individualized risk-based surveillance
(Mayo cohort: $6793 per QALY vs. $9352 per QALY; QUAH
cohort: $481 per QALY vs. $765 per QALY) for pStage III GC.

Recommended strategies for pStage II and pStage III
patients

Based on the findings mentioned above, individualized risk-based
surveillance of 12 visits within 5 years was recommended for
patients with pStage II GC. Due to the high recurrence rate of
patients with pStage III GC and considering the cost-effectiveness
and regularity of surveillance, the most intensive surveillance
strategy recommended by the NCCN guidelines (14 visits) was
proven to be the best choice. The specific time points for each visit
of pStage II and pStage III GC patients were shown in Figure 5.

Discussion

Although GC treatment has dramatically improved, the prog-
nosis of stage II/III GC patients remains poor[21]. Thus, it is cri-
tical to develop optimum surveillance strategies for the early
detection of recurrence. In this international multicenter study,
we simulated the postoperative monthly recurrence hazards using
the RSF model. Based on the dynamic risk of recurrence, we
constructed an individualized risk-based surveillance schedule
that could optimize the efficacy of recurrence detection. In a
specific subgroup, individualized risk-based surveillance can
detect recurrence more efficiently with more cost-effectiveness
compared with the traditional surveillance strategies recom-
mended by the JGCTG and NCCN guidelines.

Previous studies have shown significant differences between
pStage II and pStage III GC in terms of gene expression,

Table 1

(Continued)

Clinical characteristics FJMUUH cohort (n= 1661) pStage II (n= 532) pStage III (n= 1129) P

PNI n (%) < 0.001
No 1157 (69.7) 427 (80.3) 730 (64.7)
Yes 504 (30.3) 105 (19.7) 399 (35.3)

LVI n (%) < 0.001
No 1074 (64.7) 426 (80.1) 648 (57.4)
Yes 587 (35.3) 106 (19.9) 481 (42.6)

The number of examined lymph nodes (n) 36.9± 14.2 35.5± 13.4 37.6± 14.5 0.021

(P< 0.05) values are in bold.
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Table 2
Univariable and multivariable analysis of factors associated with disease recurrence.

FJMUUH cohort

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Surgical approach n (%)
OG 1 1
LG 0.8 0.7–1 0.040 0.83 0.68–1.02 0.080

Age n (%)
< 65 years 1 1
≥ 65 years 1.2 1–1.4 0.025 1.1 0.93–1.31 0.260

BMI n (%)
< 25 kg/m2 1 —

≥ 25 kg/m2 0.9 0.8–1.1 0.360 — — —

Sex n (%)
Male 1 —

Female 1 0.8–1.2 0.834 — — —

Comorbidity n (%)
No 1 —

yes 1 0.9–1.2 0.717 — — —

ASA n (%)
I 1 —

II 1.1 0.9–1.3 0.317 — — —

ECOG scores n (%)
0 1 —

1 1 0.8–1.2 0.674 — — —

The number of examined lymph nodes n (%) 1 1–1 0.054 — — —

Histology n (%)
High/moderate differentiated 1 1
Low differentiated/ undifferentiated 1.3 1.1–1.6 0.002 0.86 0.72–1.04 0.110

Pathologic T stage n (%)
T1 1 1
T2 0.7 0.3–1.6 0.405 0.82 0.36–1.86 0.640
T3 1.3 0.7–2.7 0.409 1.33 0.65–2.73 0.440
T4a 3 1.5–6 0.002 2.18 1.07–4.47 0.030

Pathologic N stage n (%)
N0 1 1
N1 1.7 1.1–2.6 0.020 1.92 1.24–2.99 < 0.001
N2 2.7 1.8–4 < 0.001 2.76 1.85–4.11 < 0.001
N3a 5.5 3.8–7.9 < 0.001 4.99 3.41–7.3 < 0.001
N3b 10.8 7.4–15.8 < 0.001 8.8 5.87–13.18 < 0.001

Tumor location n (%)
Lower 1 1
Middle 1.2 0.9–1.4 0.177 0.96 0.77–1.19 0.700
Upper 1 0.8–1.2 0.898 0.91 0.73–1.12 0.370
Mixed 1.6 1.3–2 < 0.001 1.02 0.8–1.29 0.900

Tumor size, mm
< 50 1 1
≥ 50 2 1.7–2.3 < 0.001 1.25 1.04–1.5 0.020

PNI n (%)
No 1 1
Yes 1.5 1.2–1.7 < 0.001 1.1 0.92–1.31 0.310

LVI n (%)
No 1 1
Yes 1.6 1.4–1.9 < 0.001 1.07 0.9–1.28 0.430

Adjuvant chemotherapy n (%)
No 1 1
Yes 0.8 0.6–0.9 0.002 0.67 0.55–0.81 < 0.001

Clavien–Dindo grade n (%)
< III 1 1
≥ III 1.7 1.1–2.4 0.008 1.21 0.82–1.77 0.330

(P< 0.05) values are in bold.
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chemosensitivity, and prognosis. Cui et al.[22] reported that
pStage III GC had different gene signatures and gene expression
characteristics compared with pStage II GC. From the perspective
of chemosensitivity, Noh et al. showed that only pStage II patients
could achieve a survival benefit from adjuvant chemotherapy
based on the XELOX regimen. In terms of prognosis, Sano
et al.[23] confirmed that the 5-year overall survival (OS) of
patients with pStage III GC was significantly lower than that of
pStage II GC. Our study conforms with previous studies that
showed a significantly lower overall recurrence hazard (local,
distant, and peritoneal recurrence) of pStage II GC within 2 years
than that of pStage III GC. Given the remarkable differences
between pStage II and pStage III GC, the unified surveillance
strategy recommended by current guidelines may not be applic-
able to both stages. Therefore, optimal individualized surveil-
lance strategies for patients with different pathological stages are
needed for the optimum utilization of medical resources. Previous
studies have explored postoperative follow-up strategies for
GC through dynamic hazard curves of different recurrence

types[24–26]. However, conventional methods were merely based
on the risk of recurrence, without considering the cost-effective-
ness. Moreover, the essential indicator (quality-of-life adjusted
life years, QALY) is a comprehensive measure of patients’ quality
and duration of life, which cannot be further stratified by recur-
rence types. Thus, in this study, we explored the optimal total
follow-up assignments for patients with pathologic stage II and III
based on the overall risk of recurrence and evaluated them with
economic models. In the future, it is necessary to improve the
economic models and design more precise follow-up strategies
(i.e. adjusting follow-up items based on dynamic changes of dif-
ferent recurrence types).

Early detection of recurrence is conducive to treating recurrent
lesions ( intervention including radiotherapy, chemotherapy, and
salvage surgery) as early as possible. Timely detection, early
elimination, and prevention of the dissemination of recurrent
lesions improve the quality-of-life and prolong survival. Previous
studies[27,28] indicated that radical surgery or chemotherapy may
improve the prognosis of recurrent GC compared with palliative

Figure 1. Risk-adjusted survival curves of different staging groups in gastric cancer patients. Disease recurrence probabilities (A); distant metastasis probabilities
(B); peritoneal recurrence probabilities (C) and local recurrence probabilities (D). Number of patients: pStage II, n=532; pStage III, n= 1129.
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care. Ideally, if we only consider the efficacy of recurrence
detection, the closer the follow-up is, the higher the detection
efficacy of recurrence is. However, it is unrealistic in clinical

practice and is not the best option for patients, either. Therefore, a
rational arrangement of postoperative surveillance for pStage II/
III GC is crucial for the efficient detection of recurrence. Our

Figure 2. Time-specific occurrence probabilities of different staging groups in gastric cancer patients. Disease recurrence (A); distant metastasis (B); peritoneal
recurrence (C) and local recurrence (D). Number of patients: pStage II, n=532; pStage III, n=1129.

Figure 3. The risk-based surveillance arrangements varied 5–20 visits for early detection of disease recurrence. The follow-up arrangements for a total of 12 visits
for pStage II are highlighted in the red box.
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study simulated the monthly recurrence risk of patients with
pStage II/III GC through the RSF model and constructed an
individualized risk-based follow-up schedule with different fol-
low-up frequencies (from 5 to 20 visits) according to the

prespecified rules. This study also compared the detection efficacy
of each surveillance strategy. Taking the most intensive follow-up
strategy recommended by the JGCTG and NCCN guidelines as a
reference, we found that the minimum frequency of

Figure 4. Comparisons of delays in the detection of disease recurrence in different surveillance strategies for each staging group. Delays in the detection of disease
recurrence in risk-based surveillance arrangements (blue curve) compared with the control follow-up strategies (the red horizontal lines, represent the most
intensive surveillance strategies according to NCCN and JGCTG) for patients in pStage II (A), pStage III (B). Note that the delays in detection was calculated using a
hypothetical cohort of 1000 gastric cancer patients with the same features with our study population.
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individualized risk-based follow-up strategies with better detec-
tion efficacy for pStage II and pStage III patients were 12 and 17
follow-up visits, respectively (Fig. 4).

Currently, GC poses a global medical and economic burden
with a gradually increasing cost of postoperative follow-up and
subsequent treatment[29,30]. Previous studies reported that about
1 in 10 U.S. cancer survivors delay follow-up care because they
cannot afford associated medical bills, even if they have medical
insurance coverage[31]. Individualized risk-based follow-up stra-
tegies for patients with different risks can significantly reduce the
medical and economic burden on both patients and society[32,33].
Therefore, a reasonable follow-up strategy should not only
emphasize detection efficacy, but also consider cost-effectiveness,
that is, to maximize the early detection efficacy through limited
and reasonably planned follow-up visits. Due to the scarce health
economics literature on the cost-effectiveness of postoperative
follow-up of GC, we constructed aMarkov model to simulate the
evolution of the individual status of patients with different sur-
veillance strategies after the initial treatment. Considering the
costs and quality-of-life adjusted life years (QALY), we found
that individualized risk-based surveillance strategies for pStage
II GC (12 visits) had better QALY and ICER, with fewer follow-
ups. Additionally, patient compliance influences the actual
clinical outcome. Although greater benefits may be achieved,
intensive follow-up is difficult to implement in clinical practice,
leading to worse outcomes. Therefore, after trading off cost-
effectiveness and clinical feasibility, we concluded that the most
intensive surveillance strategy recommended by the NCCN
guidelines (14 visits) may be more suitable for pStage III GC than
the individualized risk-based surveillance strategy (17 visits).
However, individualized risk-based surveillance (12 visits) may
be the best alternative for patients with pStage II GC. The above
recommendations were also confirmed in the Mayo cohort and
the QUAH cohort.

There are several limitations in this study. Above all, because
this is an international multicenter real-world study, differences
in demographic characteristics and postoperative management
are inevitable between patients according to the regions. Even so,
our results are robust and reliable in either Eastern or Western
cohorts. Of course, it still needs further validation by large-scale
prospective studies. Second, we only investigating GC disease
progression without considering other types of gastric malig-
nancies, such as remnant GC and neuroendocrine tumors.
Therefore, the results cannot be projected to other cancer types.
Third, although all patients completed at least 5 years of follow-
up, the conclusions could not be extrapolated to GC patients who
have longer postoperative survival periods. Likewise, existing
guidelines do not recommend routine surveillance due to the rare
disease recurrence after 5 years[34]. Fourth, the results of this
study was mainly based on planned follow-up according to cur-
rent guidelines. How to combine symptomatic follow-up with

planned follow-up still needs to be explored in the future. Finally,
considering the different prognosis of patients who receive
neoadjuvant chemotherapy (NACT) or not, this study excluded
patients withNACT. Further studies are warranted to explore the
optimal follow-up strategy of those patients.

To our knowledge, this is the first study to compare the
dynamic recurrence risk of patients with pStage II and pStage III
GC through international multicenter studies. Moreover, pro-
posing an optimal follow-up strategy that is more suitable for
patients with pStage II and pStage III GC not only improves
follow-up effectiveness but also optimizes the use of medical
resources.

Conclusion

Patients with pStage II and pStage III GC showed significant
differences in any type of recurrence. Individualized risk-based
surveillance strategies are more applicable to patients with pStage
II GC and are more cost-effective than the traditional guidelines.
However, pStage III GC patients may be more suitable to the
most intensive surveillance strategy recommended by the NCCN
guidelines. This study is expected to further optimize the post-
operative individualized follow-up strategies for patients with
pStage II and pStage III GC to enable rational allocation of
medical resources and reduce the medical burden on patients and
society. Further prospective, large-scale studies are needed.
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