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Abstract

Background The long-term dynamic recurrence hazard of locally advanced gastric cancer (LAGC) in the clinical set-
ting of adjuvant chemotherapy (ACT) remains unclear.

Purpose This study aimed to investigate the dynamic recurrence risk of LAGC in patients who received ACT or not.

Methods The study assessed data from patients with LAGC who underwent radical gastrectomy between January,
2010 and October, 2015. Inverse probability of treatment weighting (IPTW) was performed to reduce selection bias
between the ACT and observational (OBS) groups. Conditional recurrence-free survival (cRFS) and restricted mean
survival time (RMST) were used to assess the survival differences.

Results In total, 1,661 LAGC patients were included (ACT group, n=1,236 and OBS group, n=425). The recur-

rence hazard gradually declined; in contrast, cRFS increased with RFS already accrued. Following IPTW adjustment,
the cRFS rates were higher in the ACT group than those in the OBS group for patients at baseline or with accrued RFS
of 1and 2 years (p<0.05). However, the cRFS rates of the ACT group were comparable with those of the OBS group
for patients with accrued RFS of 3 or more years (p > 0.05). Likewise, the 5-year ARMST between the ACT and OBS
groups demonstrated a similar trend. Moreover, the hematological metastasis rate of the ACT group was significantly
lower than that of the OBS group for patients at baseline or with accrued RFS of 1 and 2 years, respectively (p<0.05).
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Conclusions Although ACT could provide substantial benefits for patients with LAGC, the differences in recurrence
hazard between the ACT and OBS groups may attenuate over time, which could help guide surveillance and alleviate
patients’ anxiety. Further prospective large-scale studies are warranted.

Keywords Gastric cancer, Adjuvant chemotherapy, Conditional survival, Recurrence

Introduction

Gastric cancer is the fifth most common malignancy
and the third leading cause of cancer-related deaths
worldwide [1]. Recent advances in multidisciplinary
approaches have prolonged the life of cancer patients.
Thus, the long-term dynamic recurrence of cancer survi-
vors triggers many concerns [2].

Given many prospective trials [3-5] confirmed the
survival benefits of adjuvant chemotherapy (ACT), ACT
has become one of the standard treatments for locally
advanced gastric cancer (LAGC). However, above studies
assessed the long-term survival of patients using actual
or actuarial survival data, which have limited informa-
tiveness from the dynamic and long-term standpoint,
especially in patients with a poor prognosis in the early
period. Besides, scholars have developed various pre-
diction models to stratify patients into different risks,
which helped optimize the follow-up strategies and select
patients who can benefit from ACT [6-8]. Whereas, the
conventional “static” prediction model does not account
for the effect of time after surgery, generates more inac-
curate information as time from surgery elapses, and
tends to underestimate the survival probability of long-
term survivors [9-11]. Furthermore, with the improve-
ment of the prognosis of cancer patients, more and more
cancer survivors may face the fear of cancer recurrence
in the remaining lifespan, which would impair psycho-
logical function and quality of life, especially for patients
with poor pathological grades [12, 13].

Thus, a new concept, conditional recurrence-free sur-
vival (cRFS) was put forward, which was derived from
the conception of conditional probability (S-Fig. 1).
cRFS represents the probability of recurrence-free sur-
vival (RFS) in the subgroup of patients who have already
accrued RES for a given time after surgery. Compared
with traditional RFS, cRFS provides more accurate
information regarding the dynamic changes of recur-
rence risk, which is widely used in other malignancies,
including rectal cancer, liver cancer, bladder cancer, and
pancreatic neuroendocrine tumors [14-17]. In clinical
practice, cRFS is a promising indicator to help clinicians
develop surveillance schedules and modify them timely
according to the dynamic hazard. Most patients with
LAGC would be informed of a poor prognosis according
to pathological reports. Since then, the fear and anxiety
of cancer recurrence may accompany them in their whole

lives. Understanding the possibility of continued RFS
over time (longer accrued RES, higher additional sur-
vival) will help alleviate the anxiety and improve the qual-
ity of life of patients with LAGC, especially those with a
poor prognosis.

So far, the dynamic changes in recurrence hazard of
the ACT and observational (OBS) groups have not been
reported. Therefore, our study aimed to utilize cRFS and
restricted mean survival time (RMST) as prognostic
indicators to reappraise the long-term dynamic risk of
patients with ACT or not, which can help clinical phy-
sicians provide effective interventions and appropriate
psychological supports to ease the disease burden and
psychological distress of patients.

Materials and methods

Patients

Utilizing a prospective gastric cancer database, we identi-
fied 2,417 patients with primary gastric adenocarcinoma
who underwent curative gastrectomy at the Fujian Medi-
cal University Union Hospital between January, 2010 and
October, 2015.

The inclusion criteria involved (1) Eastern Cooperative
Oncology Group (ECOG) scores of 0 or 1; (2) pathologi-
cally confirmed LAGC (pstage II and III, except pT4b);
(3) D2 lymph node dissection of gastric cancer; (4) no
invasion of adjacent organs or distant metastasis (e.g.
pancreas, spleen, liver, and colon) intraoperatively or
postoperatively.

The exclusion criteria involved (1) American Society
of Anesthesiologists (ASA) grades exceed 2; (2) neu-
roendocrine or remnant gastric cancer; (3) history of
preoperative chemotherapy; (4) palliative surgery; and
(5) death within 1 month after surgery. Eventually, 1,661
patients were included as the primary cohort (S-Fig. 2).
All patients were informed in detail about the advantages
and disadvantages of laparoscopic and open gastrectomy
before the surgery, and the patients consented to the sur-
gical approaches.

Cancer staging

LAGC was defined as the American Joint Committee
on Cancer (AJCC) pathological stage II to III without
T4b tumors (including stage II: T2N1-2M0, T3NO0-1MO0,
and T4aNOMO and stage III: T2N3MO0, T3N2-3MO0, and
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T4aN1-3M0). The 8" AJCC Cancer Staging Manual was
used to further categorization [18, 19].

Definitions

ACT was recommended for all patients with LAGC [16].
The 5-fluorouracil-based regimen, S-1 plus oxaliplatin
(SOX), was routinely administered at our center.

RES was defined as the time from surgical resec-
tion to initial disease relapse or completion of the last
follow-up. Recurrence was defined as the initial disease
recurrence after surgery, and it was categorized as locore-
gional, peritoneal, distant, or multiple sites. Recurrence
at>2 sites was defined as multiple sites of recurrence
and not multiple recurrences at the same site. Locore-
gional recurrence included masses in the gastric bed, D2
lymphadenectomy nodal stations, or anastomotic recur-
rences. Peritoneal recurrence was defined as positive
cytology in the ascitic fluid or as the convincing presence
of peritoneal nodules on cross-sectional imaging, as doc-
umented in the radiology report. Distant metastases were
further defined according to the specific organs and dis-
tant lymph nodes. Diseases involving the cervical lymph
or abdominal nodes beyond the upper retroperitoneum
were considered distant metastasis. Mediastinal lymph
node recurrences were considered locoregional for gas-
troesophageal junction tumors and distant for all other
tumors. Hematological metastasis was defined as spe-
cific organs involved, including the liver, lung, bone, and
others. Tumors involving the ovaries were considered
peritoneal recurrences and were classified as Krukenberg
tumors [20]. All recurrences were documented using
pathological diagnosis and/or radiologic imaging. Radio-
logic proof of recurrence was specifically reviewed in the
context of the clinical situation and typically required
sequential imaging and demonstrating the progression of
metastatic lesions.

Follow-up schedule

The median follow-up period was 55 months. Follow-
up was conducted according to the Japanese gastric
cancer treatment guidelines 2014 (ver. 4) [18]. Gener-
ally, follow-up was performed every 3 months for the
first 2 years and every 6 months thereafter for 5 years
for patients with LAGC. Follow-up interventions con-
sisted of physical examination, laboratory tests, chest
radiography, abdominal ultrasound, abdominopelvic
computed tomography (CT) imaging, and annual gas-
troscopy; further magnetic resonance imaging (MRI)
and positron emission tomography (PET)-CT were per-
formed, if necessary. Recurrence was diagnosed based
on positive radiological evidence. Patients were fol-
lowed-up until death or the cut-off date of April, 2020.
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Patients who were lost to follow-up or died following
the operation were treated as censored cases.

Statistical analysis

Continuous variables were presented as mean + stand-
ard deviation, while categorical variables were
presented as numbers. The distributions of each con-
tinuous and categorical variable were compared using
student’s t-test, x> test, or categorical Fisher exact test,
as appropriate. The Cox proportional hazard models
were used to estimate the hazard ratios (HRs) for RFS.
Monthly hazard rates were estimated at monthly inter-
vals using a kernel Epanechnikov smoothing method.
The hazard function conveys information about the risk
of an event at time t, not for the entire cohort, but only
for those patients remaining at risk at time t. In other
words, the hazard function evaluates an instantaneous
conditional hazard rate [21].

Inverse probability of treatment weighting

Baseline characteristics of LAGC patients who under-
went ACT (ACT group) were compared with those who
did not undergo ACT following surgery (OBS group).
The balance in covariates was assessed using the stand-
ardized mean difference (SMD) approach [22]. Fac-
tors with an imbalance between the two groups were
defined as SMD>0.1. Multivariate logistic regression
models were used to estimate the association of the
included covariates with ACT. Differences in baseline
covariates between both groups were adjusted using
the inverse probability of treatment weighting (IPTW)
method [23]. The IPTW approach mimics a situation
in which treatments were randomly allocated to indi-
viduals through weighing. To get the propensity score,
we included the following factors associated with and
without ACT in the models: age, sex, Charlson comor-
bidity index, ASA, pathological T (pT) stage, patho-
logical N (pN) stage, Clavien—Dindo grade, histological
grade, and tumor size. Suppose that there are N partici-
pants in a data set, with nl participants who received
the ACT and nO participants who did not; N=n0+nl.
The probability of the ACT group is p=nl/N, and the
probability of the OBS group is 1—p. The propensity
score was estimated with the above model named ;.
The weights of individuals were calculated by the fol-
lowing algorithm: The weights of patients in the ACT
group were defined as W=p/m;, and the weights of
patients in the OBS group were defined as W =(1-p)/
(1-1;). The adjusted Kaplan—Meier curves and log-rank
test based on IPTW were computed to compare the
cRFS rates and RMST between both groups.
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Conditional survival

Conditional survival was calculated as CPS (n)=S(x+n)
/ S(x), (x<y), where y is the probability of surviving for
y years, given that the person has survived for x years, as
previously described by Zabor et al. [24]. Actual recur-
rence data were used for these calculations. cRFS were
calculated for 3 and 5 additional years (cRFS3 and cRFS5)
at each time point to obtain concise, clinically significant
data. For instance, the cRFS3 of patients at 1 year can
be calculated as the RFS rate at (1+3=) 4 years (RFS4)
divided by the RFS rate at 1 year (RFS1) (cCRFS3=RFS4/
RES1), and represents the percentage of patients who
have been recurrence-free at 1 year that can be expected
to remain recurrence-free after an additional 3 years.

RMST

RMST represents the average life expectancy in a period.
The difference in RMST (ARMST) helps compare the
efficacies of different treatments, which has been widely
used in the long-term evaluation of esophageal, renal,
and breast cancers [25-27]. Theoretically, RMST is the
area under the survival curve from 0 to t* and is inter-
preted as the life expectancy between randomization
(t=0) and a particular time horizon (t*) [28, 29]. In this
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study, RMST was calculated within the 3-year or 5-year
time horizon (t*) and adjusted using the IPT'W approach
as mentioned above. The ARMST was defined as the
difference in RMST between the ACT and OBS groups,
which was tested using the log-rank test or the Gramb-
sch—Therneau test [30].

All p-values were two-sided, and p<0.05 was consid-
ered statistically significant and marked ‘ * in the figures.
All statistical analyses were performed using R version
3.6.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Overview of the primary cohort

Clinicopathological characteristics of the primary cohort
S-Table 1 shows the clinicopathological characteristics
of the primary cohort. There were 1,661 patients with
LAGC who underwent radical gastrectomy between 2010
and 2015, including 1,230 (74.1%) men and 431 (25.9%)
women. ACT was administered to 1,236 (74.4%) patients.

Dynamic recurrence hazard of the primary cohort
Recurrence hazard peaked at 16.1 months with a peak
rate of 0.0109 and then gradually decreased (Fig. 1A).
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Fig. 1 Dynamic recurrence hazard curves (A), and stratified by the ACT and OBS groups (C), Kaplan—Meier curve of conditional recurrence-free
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cRFS rates gradually increased with RFS already accrued
(Fig. 1B). The 3-year and 5-year actual RES rates were
66.8% and 62.0%, respectively. The 3-year cRES rates
(cRFS3, achieving additional 3-year RFS) were 76.0%,
85.8%, 91.2%, 93.7%, and 95.4% for patients with LAGC
with accrued RFS of 1 year, 2 years, 3 years, 4 years, and
5 years, respectively. Likewise, the 5-year cRFS rates
(cRFS5, achieving additional 5-year RFS) were 72.2%,
83.1%, 88.5%, 89.8%, and 92.9% for patients with LAGC
with accrued RFS of 1 year, 2 years, 3 years, 4 years, and
5 years, respectively (S-Table 2).

Univariate and multivariate Cox regression at baseline

Based on univariate analysis, ACT, surgical approach,
age, tumor location, tumor size, perineural invasion, lym-
phovascular invasion, histological grade, pT stage, pN
stage, and Clavien—Dindo grade were associated with
RFS in patients with LAGC at baseline (S-Table 3). Mul-
tivariate analysis showed that ACT was an independent
prognostic factor (HR, 0.67; 95% confidence interval [CI],
0.56-0.81; p<0.001), alongside pT stage, pN stage, and
tumor size (p <0.05) (Table 1).

Comparison of clinicopathological characteristics

between the ACT and OBS groups before and after IPTW
Table 2 shows the clinicopathological characteristics
before and after IPTW. After adjusting for age, sex,
Charlson comorbidity index, ASA, pT stage, pN stage,
Clavien—Dindo grade, histological grade, and tumor size,
no significant differences were observed in baseline char-
acteristics between the ACT and OBS groups after IPTW
(all SMD <0.1).

Dynamic recurrence hazard and cRFS between the ACT

and OBS groups after IPTW

Figure 1C shows the dynamic recurrence hazards of the
ACT and OBS groups after IPTW. The recurrence hazard
curve for the ACT group peaked at 17.6 months (peak
hazard rate: 0.0128) and gradually decreased with a long
hem to the right. While in the OBS group, the recur-
rence hazard curve increased more sharply than that of
the ACT group and peaked at 10.8 months (peak hazard
rate: 0.0231), followed by a decrease with a long hem to
the right.

In general, cRFS rates gradually increased with RES
in the ACT and OBS groups. In patients at baseline
or with accrued RFS of 1 and 2 years, cRFS rates of the
ACT group were significantly higher than those of the
OBS group (log-rank p<0.05) (Fig. 1D). In patients
with accrued RFS of 3 or more years, the cRFS rates
between both groups were comparable (log-rank p >0.05)
(Fig. 1D). More details of the actual RFS and cRFS
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between the ACT and OBS groups are illustrated in
S-Table 4.

Figure 2 shows the actual RFS and dynamic changes
in annual cRFS3 and cRES5 rates within 5 years after
surgery. As shown in Fig. 2A, the 3-year actual RFS and
cRFS3 rates for the ACT and OBS groups were equal at
baseline; however, contrary to the declining trend of the
actual RFS curve, the cRFS3 rates increased with pro-
longed RES. Moreover, with RES annually accrued, the
differences in cRFS3 between the ACT and OBS groups
gradually decreased. More specifically, in patients at
baseline and with accrued RFS of 1 and 2 years, the cRFS3
rates of the ACT group were 70.2%, 76.4%, and 88.1%,
respectively, which were significantly higher than those
of the OBS group (all p<0.05). However, in patients with
accrued RFS of 3 or more years, cRFS3 was comparable
between the ACT and OBS groups (p>0.05) (Fig. 2B).
The actual 3-year RMST was significantly higher in the
ACT group than that in the OBS group with a ARMST
of 2.05 months (95% CI, 0.51-3.59, p=0.009) at baseline.
Similarly, in patients with accrued REFS of 1 and 2 years,
the 3-year RMSTs of the ACT group were superior to
that of the OBS group (p<0.05). However, no significant
differences in 3-year RMST were observed between the
ACT and OBS groups in patients with accrued RFS of
3 or more years (p>0.05) (Fig. 2C). A similar trend can
be observed for the 5-year actual RFS, cRFS5, and 5-year
RMST of the ACT and OBS groups (Fig. 2D-F). More
details about ARMST between the ACT and OBS groups
are shown in S-Table 5.

Timing and patterns of disease recurrence

Intuitively, Fig. 3 shows the dynamic transition from alive
without recurrence to different recurrence types (includ-
ing local, peritoneal, distant metastasis, and mixed recur-
rence) in the full cohort (Fig. 3A), ACT group (Fig. 3B),
and OBS group (Fig. 3C) from baseline to 5 years after
surgery. For instance, there were 1,661 patients in the
full cohort at baseline. After 1 year from surgery, local
recurrence, peritoneal recurrence, distant metastasis,
and mixed recurrence occurred in 37, 41, 130, and 39
patients, respectively. Likewise, recurrence may occur in
the remaining patients with RFS from the next year until
5 years after surgery (Fig. 3A).

Figure 4 shows the smoothed hazard curves for the
ACT and OBS groups stratified by recurrence types.
Although the local recurrence hazard of the ACT group
was slightly higher than that of the OBS group with the
same peak time (17.1 months) in the early period, the
trends reversed after 4 years from surgery (Fig. 4A).
In terms of peritoneal recurrence (Fig. 4B), the haz-
ard of the OBS group increased rapidly and decreased
sharply. The OBS group demonstrated a higher peak rate
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Table 2 Clinicopathological characteristics before and after IPTW in the baseline population

Clinical characteristics Before IPTW After IPTW

OBS (n=425) ACT (n=1236) SMD OBS (n=422.3) ACT (n=1246.9) SMD

Age n (%) 0.585 0.013
<65 years 175 (41.2%) 854 (69.1%) 261.4(61.9%) 763.9(61.3%)
>65 years 250 (58.8%) 382 (30.9%) 160.9 (38.1%) 483.0 (38.7%)
BMI n (%) 0.090 0.099
<25kg/m? 326 (76.7%) 902 (73.0%) 326.3(77.3%) 911.7 (73.1%)
>25 kg/m2 88 (20.7%) 302 (24.4%) 85.3 (20.2%) 302.4 (24.3%)
unknown 11 (2.6%) 32 (2.6%) 10.7 (2.5%) 327 (2.6%)
Sex n (%) 0.147 0.023
Male 294 (69.2%) 936 (75.7%) 316.6(75.0%) 922.1(73.9%)
Female 131 (30.8%) 300 (24.3%) 105.7 (25.0%) 324.8 (26.1%)
Comorbidity n (%) 0174 0.005
No 282 (66.4%) 918 (74.3%) 301.4(71.4%) 893(71.6%)
Yes 143 (33.6%) 318 (25.7%) 120.9 (28.6%) 353.9 (28.4%)
ASA n (%) 0177 0.003
| 214 (50.4%) 731 (59.1%) 234.9 (55.6%) 695.5 (55.8%)
Il 211 (49.6%) 505 (40.9%) 187.5 (44.4%) 551.4 (44.2%)
ECOG scores n (%) 0.142 0.018
0 39 (9.2%) 169 (13.7%) 49.7(11.8%) 154(12.3%)
1 386 (90.8%) 1067 (86.3%) 3726 (88.2%) 1092.9 (87.7%)
Oncological characteristics
Histology n (%) 0278 0.079
High/ moderate differentiated 167 (39.3%) 417 (33.7%) 142.5 (33.7%) 432.6 (34.7%)
Low differentiated/ undifferentiated 242 (56.9%) 814 (65.9%) 274.3 (65.0%) 785.7 (63.0%)
G, 16 (3.8%) 5 (0.4%) 55(1.3%) 286 (2.3%)
Pathologic T Stage n (%) 0.142 0.059
T 8(1.9%) 29 (2.3%) 8.5 (2.0%) 26.7 (2.1%)
T2 23 (5.4%) 110 (8.9%) 302 (7.2%) 97.9 (7.8%)
T3 190 (44.7%) 540 (43.7%) 176.5 (41.8%) 5374 (43.1%)
T4a 204 (48.0%) 557 (45.1%) 207.1 (49.0%) 588.8 (46.9%)
Pathologic N Stage n (%) 0.239 0.055
NO 82 (19.3%) 73 (14.0%) 70.5 (16.7%) 192.0 (15.4%)
N1 62 (14.6%) 221 (17.9%) 67.4 (16.0%) 216.5 (17.4%)
N2 88 (20.7%) 303 (24.5%) 100.2 (23.7%) 287.6 (23.1%)
N3a 142 (33.4%) 336 (27.2%) 118.3 (28.0%) 362.6 (29 19%)
N3b 51 (12.0%) 203 (16.4%) 65.9 (15.6%) 188.1 (15.1%)
Pathological TNM Stage of 8th AJCC n (%) 0.146 0.082
lla 73 (17.2%) 91 (15.5%) 70.9 (16.8%) 192.7 (15.5%)
IIb 67 (15.8%) 201 (16.3%) 63.4 (15.0%) 199.6 (16.0%)
llla 96 (22.6%) 320 (25.9%) 109.9 (26.0%) 307.1 (24.6%)
llle} 131 (30.8%) 319 (25.8%) 107.4 (25.4%) 354.2 (28.4%)
llic 58 (13.6%) 205 (16.6%) 70.7 (16.7%) 193.2 (15.5%)
Tumor Location n (%) 0.131 0.074
Lower 160 (37.6%) 479 (38.8%) 170.0 (40.3%) 472.9 (37.9%)
Middle 76 (17.9%) 275 (22.2%) 81.7 (19.3%) 267.5(21.5%)
Upper 121 (28.5%) 309 (25.0%) 107.6 (25.5%) 336.0 (26.9%)
Mixed 68 (16.0%) 73 (14.0%) 63.0 (14.9%) 170.5 (13.7%)
Tumor Size n (%) 0.155 0.001

<50 mm 168 (39.5%) 583 (47.2%) 189.3(44.8%) 558(44.7%)
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Table 2 (continued)

Page 9 of 15

Clinical characteristics Before IPTW After IPTW
OBS (n=425) ACT (n=1236) SMD OBS (n=422.3) ACT (n=1246.9) SMD
>50 mm 257 (60.5%) 653 (52.8%) 233.0(55.2%) 688.9 (55.3%)
PNI n (%) 0.055 0.010
No 304 (71.5%) 853 (69.0%) 266.7(63.2%) 793.8(63.7%)
Yes 121 (28.5%) 383 (31.0%) 155.6 (36.8%) 453.1 (36.3%)
LVI n (%) 0.008 0.064
No 276 (64.9%) 798 (64.6%) 299.8(71.0%) 848.4(68%)
Yes 149 (35.1%) 438 (35.4%) 122.5 (29.0%) 398.5 (32.0%)
Other characteristics
Surgical approach n (%) 0.044 0.003
0G 78 (18.4%) 206 (16.7%) 73.4(17.4%) 215.2(17.3%)
LG 347 (81.6%) 1030 (83.3%) 348.9 (82.6%) 1031.7 (82.7%)
The number of examined lymph nodes (n) 355+140 374+142 0.135 36.46 (14.10%) 36.98 (14.38%) 0.036
Postoperative complication n (%) 0.187 0.008
<l 397 (93.4%) 1197 (96.8%) 311.5(73.8%) 922.8 (74.0%)
>l 28 (6.6%) 36 (2.9%) 109.9 (26.0%) 321.8(25.8%)
unknown 0 (0.0%) 3(0.2%) 0.9 (0.2%) 2.2(0.2%)

PNI Perineural invasion, LVI Lymphovascular invasion, ASA American Society of Anesthesiologists, ECOG Eastern Cooperative Oncology, ACT adjuvant chemotherapy

group, OBS observational group

(0.0051 vs. 0.0031) and later peak time (18.1 months vs.
15.3 months) than the ACT group. Regarding distant
metastasis, dynamic hazard and peak time of lymph
node metastasis were similar between the ACT and OBS
groups (Fig. 4C). In contrast, the OBS group had a higher
peak hazard (0.0061 vs. 0.0039) and earlier peak time
(12.8 months vs. 16.6 months) in terms of hematological
metastasis (Fig. 4D).

Figure 5 demonstrates the incidences of differ-
ent recurrence types in the ACT and OBS groups after
IPTW adjustment. Overall, the hematological metastasis
rate of the ACT group was lower than that of the OBS
group at baseline (13.6% vs. 19.0%, p=0.007). Likewise,
in the subgroups of patients with accrued RFS of 1 and
2 years, hematological metastasis rates of the ACT group
were significantly lower than those of the OBS group
(10.4% vs. 14.8% and 6.3% vs. 9.3%, respectively; p <0.05)
(Fig. 5D). In terms of other recurrence types, the recur-
rence rates of both groups were comparable at any time
point (p>0.05) (Fig. 5A-C).

Dynamic changes in risk factors for disease recurrence

Time-dependent multivariate Cox analysis (Table 1)
showed that ACT, pT stage, pN stage, and tumor size
were independent prognostic factors for RFS at base-
line. After 1 and 2 years of RFS, ACT was still an inde-
pendent prognostic factor for RFS (p<0.05). However,
after 3 years of RFS, ACT lost its significance in the
Cox regression (HR, 0.64; 95% CI, 0.38—1.08; p=0.097).

Notably, after 4 years of RFS, only pN stage indepen-
dently affected RES in patients with LAGC.

Discussion

In recent years, several large-scale randomized con-
trolled trials from Asia confirmed that ACT could signifi-
cantly improve survival and recurrence rates in patients
with LAGC [3, 5]. The ACTS-GC trial [3] implied that
S-1 (oral fluoropyrimidine) monotherapy could achieve
better 5-year overall survival (OS) and RES rates than
surgery alone (71.7% vs. 61.1%; HR, 0.67; 95% CI, 0.54—
0.83; and 65.4% vs. 53.1%; HR, 0.65; 95% CI, 0.54-0.79,
respectively). Subsequently, the CLASSIC trial [5] dem-
onstrated that the XELOX regimen (capecitabine plus
oxaliplatin), which was preferred in the European popu-
lation, could also improve the 5-year disease-free survival
and OS of Asian patients. Therefore, ACT has been con-
sidered the standard therapy for LAGC in Asia.

Since then, many well-designed studies have been car-
ried out to explore the indications of ACT. Cheong et al.
[6] constructed a single patient classifier (based on four
genes), which effectively predicted the benefits of ACT.
Choi et al. [7] also reported that microsatellite stable
status (MSS) and programmed death ligand-1 (PD-L1)
expressions were closely associated with the benefits of
ACT. In addition, Sohn et al. [8] found that patients with
chromosome instability (CIN) subtypes benefited most
from ACT (HR, 0.39; 95% CI, 0.16—0.94; P=0.03), while
those with genetic stability benefited the least (HR, 0.83;
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Fig. 2 Comparison of actual 3-year recurrence-free survival (RFS), cRFS3 and 3-year ARMST between the ACT and OBS groups following IPTW
adjustment (A-C). Comparison of actual 5-year recurrence-free survival (RFS), cRFS5 and 5-year ARMST between the ACT and OBS groups
following IPTW adjustment (D-F). Notes: ARMST indicates the differences in RMST between the ACT and OBS groups. For example, 5-year ARMST
indicates that after X years of recurrence-free survival (RFS), the mean RFS in the ACT group was n months longer than that in the OBS group

within 5 years. * indicates P < 0.05

95% CI, 0.36—1.89; P=0.65). However, the above models
did not consider the long-term dynamic effects of ACT,
which may lead to inaccurate estimation. With more
patients surviving beyond 3 years, conditional survival
analysis may be more appropriate for those who have
already accrued RFS for a few years after surgery. Thus,
our study explored the long-term dynamics of recurrence
hazard in the ACT and OBS groups through IPTW-
adjusted conditional survival analyses.

This study showed that although cRFS rates gradu-
ally increased with RES already accrued, the differences
in RMST gradually decreased. In patients at baseline
or with accrued RFS of 1 and 2 years, the cRFS rates of
the ACT group were significantly higher than those of
the OBS group. However, after 3 years of RFS, the cRFS
rates between both groups became comparable, and ACT
lost its significance in the multivariate analysis. On one

hand, these results are likely associated with features of
tumor recurrence. Most disease recurrences occurred
within 3 years after surgery. The recurrence hazards of
the ACT and OBS groups significantly decreased over
time thereafter, decreasing the differences in recurrence
hazard between these two groups [31-33]. Moreover, the
dynamic transition of recurrence patterns in the survi-
vors of LAGC was consistent with the “natural selection
effect” hypothesis of Zamboni et al. [34]. The hypothesis
implies that most cases of high-risk LAGC recur soon
after surgery, promoting the natural selection of lower-
risk disease, and leading to more favorable prognosis in
the survivors. ACT is usually completed within the first
year after surgery [3, 5]. As drug concentration gradually
decreases through metabolism, the suppression effects
on tumor proliferation progressively diminish. On the
other hand, our findings implied that more intensive
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Full cohort
Baseline 1 year 2 year 3 year 4 year 5 year
Local recurrence 37 20 13 7 3
Peritoneal recurrence M 39 18 9 4
Distant metastasis 130 920 32 12 15
Mixed recurrence 39 31 1 10 4
ACT Group Alive
Baseline 1 year 2 year 3 year 4 year 5 year
Local recurrence 23 14 1 7 2
Peritoneal recurrence 32 31 1 5 4
Distant metastasis 92 69 22 8 10
Mixed recurrence 30 26 9 7 3

OBS Group

< -eeee-

y

O

Baseline 1 year 2 year 3 year 4 year 5 year
Local recurrence 14 6 2 0 1
Peritoneal recurrence 9 8 7 4 0
Distant metastasis 38 21 10 4 5
Mixed recurrence 9 5 2 3 1

Fig. 3 The Sankey diagram shows the dynamic transition from alive without recurrence to different recurrence types in the full cohort (A), the ACT
group (B), and the OBS group (C) from baseline to 5 years after surgery. Notes: Patients with unknown recurrence site were excluded. T:local
recurrence; 2: peritoneal recurrence; 3: distant metastasis; 4: mixed recurrence. The table showed the number of patients at different time points
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B. Peritoneal recurrence

0
S Peak Rate Peak months
) OBS (n=425) 0.0051 18.1
2 g Il ACT(n=1236) 0.0031 15.3
N 2]
©
T o
s 3
c
E g
3 o
3 °
@
=
e
c -

0 12 24 36 48 60
Follow up time, months

D. Hematological metastasis

_Peak Rate Peak months]
OBS (n=425) 0.0061 12.8
M ACT(n=1236) 0.0039  16.6

Recurrence Hazard
.001 .002 .003 .004 .005 .006

0 12 24 36 48 60
Follow up time, months

Fig. 4 Comparison of dynamic recurrence hazard between the ACT and OBS groups stratified by different recurrence types

surveillance should be considered in the patients with
LAGC who did not receive ACT for some reasons (e.g.,
economic hardship and chemotherapeutic intolerance)
within the first 2 years. After RES of 3 years, the relation-
ship between the ACT and OBS groups should be reas-
sessed, according to cRFS. The surveillance strategy of
the OBS group can be adjusted to the same as that of the
ACT group to avoid wasting medical resources because
the recurrence hazards were similar between these two
groups. Meanwhile, during the follow-up, it is suggested
that supervising doctors help patients understand cRFS
and encourage them never to give up hope, which would
enhance patients’ confidence in living and subsequently
improve their quality of life, especially for those who
didn’t receive ACT at the beginning.

Consistent with previous studies [3, 5], this study also
suggested that dynamic changes in recurrence rates
between the ACT and OBS groups may be associated
with hematological metastasis, reflecting the impor-
tance of imaging examinations, such as thoracic and
abdominal CT scanning or ultrasonography, for timely

detection of organ metastasis in the early follow-up.
Although the mechanism of ACT on cancer recurrence
remains unclear, a previous study showed a close asso-
ciation between drug effect and hemodynamics, contrib-
uting to the eradication of micrometastatic tumor cells
in the blood [35]. Thus, the effects of ACT tend to be
more pronounced in hematological metastasis. In addi-
tion, the tumor immune microenvironment plays an
important role in chemotherapeutic sensitivity [36—39].
With the impact of immune factors, the proliferation
activity of gastric cancer cells metastasized to the spe-
cific organs may be more easily regulated by fluorouracil
and platinum drugs, thereby limiting the further growth
of tumor cells.

The present study had several limitations. First, our
results were derived from an Eastern high-volume
center and must be validated in the Western popula-
tion. Second, although IPTW was used to minimize
bias in clinicopathological characteristics between two
groups, selection bias was inevitable, given the ret-
rospective design. Additionally, chemotherapy cycles
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B. Peritoneal recurrence
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Fig. 5 Comparison of adjusted cumulative recurrence rates between the ACT and OBS groups stratified by different recurrence types. * indicates P

<0.05

and regimens were not completely uniform. Lastly,
because ACT was still the standard therapy in Asia,
patients who received neoadjuvant chemotherapy were
excluded to reduce the bias of results. Despite so, to
the best of our knowledge, this study is the first well-
designed IPTW-adjusted cohort study comparing the
long-term dynamic changes of recurrence risk between
the ACT and OBS groups of patients with LAGC.

Conclusions

cRFS is a more accurate prognostic indicator in evalu-
ating dynamic recurrence hazards. Although the sur-
vival benefits of ACT have been confirmed in numerous
studies, the long-term dynamics of recurrence hazards
should be of concern. More intensive surveillance for
hematological metastasis should be considered in the
OBS group within the first 2 years after surgery. After
3 years of RFS, it is necessary to reassess the dynamic
recurrence hazards to optimize the existing surveil-
lance strategy and alleviate patients’ anxiety. This study
might provide effective references for clinical practice
in the clinical setting of adjuvant chemotherapy.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-023-11143-3.

Additional file 1.
Additional file 2.
Additional file 3.

Acknowledgements
We thank all colleagues and nurses who provide cares for patients. We hope
each LAGC patient keeping confidence for living.

Authors’ contributions

Conception/Design: Chao-Hui Zheng, Chang-Ming Huang, Jian-Wei Xie, Jun
Lu, Dong Wu. Collection and/or assembly of data: Jun Lu, Dong Wu, Bin-bin

Xu, Zhen Xue, Hua-Long Zheng, Guo-sheng Lin, Jia Lin, Li-li Shen, DAVIT
HAKOBYAN, Jiao-bao Huang, Jian-Wei Xie, Jia-Bin Wang, Jian-Xian Lin, Qi-Yue
Chen, Long-Long Cao, Ping Li, Chao-Hui Zheng, Chang-Ming Huang. Data
analysis and interpretation: Dong Wu, Jun Lu, Zhen Xue, Qing Zhong, Bin-bin
Xu, Hua-Long Zheng, Ping Li, Chao-Hui Zheng, Chang-Ming Huang. Manuscript
writing: Dong Wu, Jun Lu, Qing Zhong, Zhen Xue, Chao-Hui Zheng, Jian-Wei
Xie, Chang-Ming Huang. All authors read and approved the final manuscript.

Funding

This study was supported by Fujian Research and Training Grants for Young
and Middle-aged Leaders in Healthcare (Jun Lu) and Grants for Young and
middle-aged experts with outstanding contributions to health in Fujian
Province (Chao-hui Zheng).


https://doi.org/10.1186/s12885-023-11143-3
https://doi.org/10.1186/s12885-023-11143-3

Wu et al. BMC Cancer (2023) 23:964

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This retrospective study was approved by the Institutional Review Board of
Fujian Medical University Union Hospital. Written inform consent was waived
by Ethic committee of Fujian Medical University Union Hospital according to
personal identifying information was not included. All procedures followed
were in accordance with the ethical standards of the responsible committee
on human experimentation (institutional and national) and with the Helsinki
Declaration of 1964 and later versions.

Consent for publication
Not applicable.

Competing interests
There are no conflicts of interest or financial ties to disclose from any authors.

Author details

'Department of Gastric Surgery, Fujian Medical University Union Hospital,
No.29 Xinquan Road, FuzhouFujian Province 350001, China. 2Department

of General Surgery, Fujian Medical University Union Hospital, Fuzhou, China.
3Key Laboratory of Ministry of Education of Gastrointestinal Cancer, Fujian
Medical University, Fuzhou, China. *Fujian Key Laboratory of Tumor Microbiol-
ogy, Fujian Medical University, Fuzhou, China.

Received: 28 January 2023 Accepted: 1 July 2023
Published online: 12 October 2023

References

1. Fock KM. Review article: the epidemiology and prevention of gastric
cancer. Aliment Pharmacol Ther. 2014;40(3):250-60.

2. Smyth Elizabeth C, Nilsson Magnus, Grabsch Heike |, et al. Gastric cancer.
Lancet. 2020;396:635-48.

3. Sakuramoto S, Sasako M, YamaguchiT, et al. Adjuvant chemotherapy
for gastric cancer with S-1, an oral fluoropyrimidine. N Engl J Med.
2007,357(18):1810-20.

4. Paoletti X, Oba K, Burzykowski T, et al. Benefit of adjuvant chemotherapy for
resectable gastric cancer: a meta-analysis. JAMA. 2010;303(17):1729-37.

5. Noh SH, Park SR, Yang H-K, et al. Adjuvant capecitabine plus oxaliplatin
for gastric cancer after D2 gastrectomy (CLASSIC): 5-year follow-up of an
open-label, randomised phase 3 trial. Lancet Oncol. 2014;15(12):1389-96.

6. Cheong JH, Yang HK, Kim H, et al. Predictive test for chemotherapy
response in resectable gastric cancer: a multi-cohort, retrospective analy-
sis. Lancet Oncol. 2018;19:629-38.

7. ChoiYY, Kim H, Shin SJ, et al. Microsatellite instability and programmed
cell death-ligand 1 expression in stage II/Ill gastric cancer: post
hoc analysis of the classic randomized controlled study. Ann Surg.
2019,270(2):309-16.

8. Sohn BH, Hwang JE, Jang HJ, et al. Clinical significance of four molecular
subtypes of gastric cancer identified by the cancer genome atlas project.
Clin Cancer Res. 2017;23(15):4441-9.

9. Han DS, SuhYS, Kong SH, et al. Nomogram predicting long-term survival
after d2 gastrectomy for gastric cancer. J Clin Oncol. 2012;30:3834-40.

10. Wang CY, Yang J, Zi H, et al. Nomogram for predicting the survival of gas-
tric adenocarcinoma patients who receive surgery and chemotherapy.
BMC Cancer. 2020;20:1-10.

11. Agnes A, Biondi A, Persiani R, et al. Development of the PERI-Gastric
(PEritoneal Recurrence Index) and PERI-Gram (Peritoneal Recurrence
Index NomoGRAM) for predicting the risk of metachronous perito-
neal carcinomatosis after gastrectomy with curative intent for gastric
cancer. Gastric Cancer. 2022:1-11.

12. Shin JY, Shin DW, Lee JK, et al. Exploring socio-demographic, physical,
psychological, and quality of life-related factors related with fear of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

Page 14 of 15

cancer recurrence in stomach cancer survivors: a cross-sectional study.
BMC Cancer. 2022;22:414.

. Butow PN, Turner J, Gilchrist J, et al. Randomized trial of ConquerFear: a

novel, theoretically based psychosocial intervention for fear of cancer
recurrence. J Clin Oncol. 2017;35:4066-77.

. Zheng J, Chou Joanne F, Gonen Mithat, et al. Prediction of hepato-

cellular carcinoma recurrence beyond milan criteria after resection:
validation of a clinical risk score in an international cohort. Ann Surg.
2017;266:693-701.

. Fernandez LM, Séo Julido GP, et al. International Watch & Wait Database

Consortium. Conditional recurrence-free survival of clinical complete
responders managed by watch and wait after neoadjuvant chemoradi-
otherapy for rectal cancer in the International Watch & Wait Database:
a retrospective, international, multicentre registry study. Lancet Oncol.
2021;22(1):43-50.

. Giovanni M, Luca L, Stefano A, et al. Patterns of recurrence after resec-

tion for pancreatic neuroendocrine tumors: who, when, and where?
Neuroendocrinology. 2019;108:161-71.

. Leitner CarmenV, Ederer Ines A, de Martino Michela, et al. Dynamic

prognostication using conditional recurrence and progression
estimates for patients with nonmuscle invasive bladder cancer. J Urol.
2016;196:46-51.

. Japanese Gastric Cancer A. Japanese gastric cancer treatment guide-

lines 2014 (ver. 4). Gastric Cancer. 2017;20(1):1-19.

. Amin MB, Edge S, Greene F, et al, editors. AJCC Cancer Staging Manual

(8th edition). American Joint Commission on Cancer: Springer Interna-
tional Publishing; 2017.

Lee Jun H, Chang Kevin K, Yoon C, et al. Lauren histologic type is the
most important factor associated with pattern of recurrence following
resection of gastric adenocarcinoma. Ann Surg. 2018;267(1):105-13.
Lu J,Wu D, Xu BB, et al. A matched cohort study of the failure pat-

tern after laparoscopic and open gastrectomy for locally advanced
gastric cancer: does the operative approach matter? Surg Endosc.
2022;36(1):689-700.

Austin PC. Variance estimation when using inverse probability

of treatment weighting (IPTW) with survival analysis. Stat Med.
2016;35:5642-55.

Austin PC. An introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivariate Behav
Res. 2011;46:399-424.

Zabor EC, Gonen M, Chapman PB, et al. Dynamic prognostication using
conditional survival estimates. Cancer. 2013;119:3589-92.

Masataka S, Naruto T, Yukari U, et al. Randomized controlled trial of
trastuzumab with or without chemotherapy for HER2-Positive early
breast cancer in older patients. J Clin Oncol. 2020;38:3743-52.

Rice Thomas W, Lu Min, Ishwaran Hemant, et al. Precision surgical
therapy for adenocarcinoma of the esophagus and esophagogastric
junction. J Thorac Oncol. 2019;14:2164-75.

Tim E, Eleni F, Bhavna O, et al. Adjuvant sorafenib for renal cell carci-
noma at intermediate or high risk of relapse: results from the SORCE
randomized phase Ill intergroup trial. J Clin Oncol. 2020;38:4064-75.
Trinquart L, Jacot J, Conner SC, et al. Comparison of treatment effects
measured by the hazard ratio and by the ratio of restricted mean
survival times in oncology randomized controlled trials. J Clin Oncol.
2016;34(15):1813-9.

Hensley ML, Enserro D, Hatcher H, et al. Adjuvant gemcitabine plus
docetaxel followed by doxorubicin versus observation for high-grade
uterine leiomyosarcoma: a phase Il NRG oncology/gynecologic oncol-
ogy group study. J Clin Oncol. 2018;36(33):JCO1800454.

Grambsch PM, Therneau TM. Proportional hazards tests and diagnos-
tics based on weighted residuals. Biometrika. 1994;81:515-26.

. Spolverato G, Ejaz A, Kim Y, et al. Rates and patterns of recurrence after

curative intent resection for gastric cancer: a United States multi-
institutional analysis. J Am Coll Surg. 2014;219(4):664-75.

Wu CW, Lo SS, Shen KH, et al. Incidence and factors associated with recur-
rence patterns after intended curative surgery for gastric cancer. World J
Surg. 2003;27(2):153-8.

Mokadem |, Dijksterhuis WPM, van Putten M, et al. Recurrence after
preoperative chemotherapy and surgery for gastric adenocarcinoma: a
multicenter study. Gastric Cancer. 2019;22(6):1263-73.



Wu et al. BMC Cancer

34.

35.

36.

37.

38.

39.

(2023) 23:964

Zamboni BA, Yothers G, Choi M, et al. Conditional survival and the choice
of conditioning set for patients with colon cancer: an analysis of NSABP
trials C-03 through C-07. J Clin Oncol. 2010;28:2544-8.

Czabanka M, Vinci M, Heppner F, et al. Effects of sunitinib on

tumor hemodynamics and delivery of chemotherapy. Int J Cancer.
2009;124(6):1293-300.

Galluzzi L, Bugue A, Kepp O, et al. Immunological effects of conven-
tional chemotherapy and targeted anticancer agents. Cancer Cell.
2015;28:690-714.

Halama N, Michel S, Kloor M, et al. Localization and density of immune
cells in the invasive margin of human colorectal cancer liver metas-
tases are prognostic for response to chemotherapy. Cancer Res.
2011;71:5670-7.

Jiang Y, Zhang Q, Hu Y, et al. ImmunoScore signature: a prognostic and
predictive tool in gastric cancer. Ann Surg. 2018;267:504-13.

Jiang V, Xie J, Huang W, et al. Tumor immune microenvironment and
chemosensitivity signature for predicting response to chemotherapy in
gastric cancer. Cancer Immunol Res. 2019;7(12):2065-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Evaluation of dynamic recurrence risk for locally advanced gastric cancer in the clinical setting of adjuvant chemotherapy: a real-world study with IPTW-based conditional recurrence analysis
	Abstract 
	Background 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Cancer staging
	Definitions
	Follow-up schedule
	Statistical analysis
	Inverse probability of treatment weighting
	Conditional survival
	RMST

	Results
	Overview of the primary cohort
	Clinicopathological characteristics of the primary cohort
	Dynamic recurrence hazard of the primary cohort
	Univariate and multivariate Cox regression at baseline
	Comparison of clinicopathological characteristics between the ACT and OBS groups before and after IPTW
	Dynamic recurrence hazard and cRFS between the ACT and OBS groups after IPTW
	Timing and patterns of disease recurrence
	Dynamic changes in risk factors for disease recurrence


	Discussion
	Conclusions
	Anchor 29
	Acknowledgements
	References


