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Abstract

Background: Adjuvant chemotherapy can reduce recurrence rates by eradicating microscopic
metastases which may persist after curative resection. However, the optimal time interval (Tl)
between the surgery and chemotherapy remains controversial.

Objectives: This study investigated the optimal Tl between surgery and chemotherapy.
Design: A population-based cohort study using a nationwide claims database.

Methods: The data were obtained from the Korean National Health Insurance Service (NHIS)
of Korea. We included patients who underwent gastrectomy between 2013 and 2018. To
determine the optimal cutoff point of Tl, a restricted cubic spline Cox regression model

was established, and categorized the population into three groups based on Tl: the early
(<20days), the late (=35days], and the reference group (21-34 days), and with the reference
group having the lowest mortality and recurrence. Propensity score matching was performed
for each group. The primary outcomes were disease-free survival (DFS) and overall survival
(0S).

Results: After excluding ineligible participants, 6602 patients were included. The median

DFS and 0S did not differ significantly between the early and reference groups (p=0.7258

and p=0.6056, respectively). In comparison between the late and reference groups, it was
significantly lower in the late group (p=0.0079). Five-year DFS rates were 77.6% and 81.3%

in the late and reference groups, respectively. The late group showed worse OS than the
reference group (p=0.0336). Five-year OS rates were 82.1% and 85.0% in the late and
reference groups, respectively. In the multivariable analysis, DFS in the late group retained
inferiority [adjusted hazard ratio (aHR): 1.138, 95% confidence interval (Cl): 1.003-1.292,
p=0.045]. OS showed a worse trend without significance compared to the reference group
(aHR: 1.138, 95% CI: 0.984-1.317, p=0.0805).
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Plain language summary

After a patient undergoes surgery for stomach cancer, if it is stage 2 or 3, they will receive :‘.’::‘.’(‘I"'f""
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study aimed to find out the best time interval between surgery and chemotherapy for
patients with gastric cancer. We used data from a nationwide claims database in Korea and
included patients who underwent gastrectomy between 2013 and 2018. The population has
categorized the population into three groups based on the time interval: early (< 20days),
late (= 35days), and reference group (21-34days). We made statistical adjustments to
minimize heterogeneity for each patient during the analysis. After excluding ineligible
participants, 6,602 patients were included in the study.

As a result of the analysis, it was observed that the possibility of recurrence was
significantly increased for patients in the late group compared to the reference group.
The probability of survival without recurrence for 5years (5-year disease-free survival)
was 77.6% and 81.3%, respectively. Meanwhile, there was no difference in the recurrence
rate between the early group and the reference group. Since recurrence of cancer can
ultimately lead to death, we examined the possibility for all-cause mortality and could
observe a similar pattern of association with recurrence probability. The late group had
a lower survival rate than the reference group (82.1% vs. 85.0%, respectively). However,
there was no statistically significant difference between these two numbers. Even in a
statistical model adjusting other clinical factors, the recurrence rate in the late group
was still found to be significantly high compared to the reference group. In conclusion.
the results showed that adjuvant chemotherapy after gastrectomy in patients with gastric
cancer should be initiated within five weeks of surgery. A delay of more than five weeks

may have a detrimental effect on the patient’s health.
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Introduction

Gastric cancer is a major type of cancer with high
incidence and mortality rates worldwide, particu-
larly in Eastern Asia, including Korea.l»?2 Pivotal
results from the FNCLCC ACCORD-07 trial
investigating 5-fluorouracil (5-FU) plus cisplatin,
and the MAGIC trial (employing ECF: epiru-
bicin, cisplatin, and 5-FU) have established peri-
operative chemotherapy as the standard treatment
for resectable gastric cancer.>* More recently,
perioperative FLOT (5-FU, leucovorin, cisplatin,
and docetaxel) has emerged as the new standard
chemotherapy based on the German FLOT4-
AIO trial.’ On the other hand, adjuvant chemo-
therapy after gastrectomy has become the
standard of care for patients with resectable gas-
tric cancer, particularly in Asia. Within the adju-
vant setting, capecitabine plus oxaliplatin
(CAPOX) or S-1 monotherapy is the most
acceptable chemotherapeutic option worldwide,
although treatment intensification, such as S-1
plus docetaxel, has recently been proven effective
in advanced stages.® Adjuvant chemotherapy can

reduce the recurrence rate by eradicating micro-
scopic metastases that may persist after curative
resection. Therefore, if adjuvant chemotherapy is
initiated too late after surgery, residual cancer
cells may grow sufficiently to cause metastasis.
However, early initiation of adjuvant chemother-
apy after surgery may cause surgical complica-
tions, such as delayed wound healing. It is also
possible that the patient did not recover after sur-
gery enough to receive adjuvant chemotherapy.
However, the optimal time interval (TI) remains
controversial. There is no recommendation for
the time point of initiation of adjuvant chemo-
therapy after gastrectomy in the Korean guide-
lines for gastric cancer.” Newly published Japanese
Gastric Cancer Treatment guidelines do not
specify when to start adjuvant chemotherapy,
either.® This was the same for the National
Comprehensive Cancer Network and European
Society for Medical Oncology guidelines pub-
lished in the West.® We previously reported that
disease-free survival (DFS) and overall survival
(OS) significantly decreased when adjuvant
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Patients with ICD 10 code of C16 and gastrectomy
January 01, 2013-December 31, 2018 (n=98,556)

Exclusion

* History of chemotherapy before surgery and/or no
postoperative chemotherapy (n=67,321)

* Concomitant diagnosis of cancer other than gastric
cancer (n=23,082)

* Administration of postoperative chemotherapy other|
than S-1 or CAPOX (n=1,530)

* Data incomplete (n=21)

Evaluable study population (n=6,602)

Ii

Early group
<20 days (n=738)

Reference group
21-34 days (n=3,260)

Late group
> 35 days (n=2,604)

Figure 1. A flow diagram of study population selection.

chemotherapy was delayed for more than 4 weeks
after surgery, favoring an optimal TT of less than
4weeks.1® However, the results were based on a
single-center experience. Also, instead of present-
ing a single time point (i.e. = versus <4 weeks),
deriving an appropriate time range (i.e. within
4—6weeks) would be reasonable and more useful
for real-world practice. Therefore, we explored
appropriate TI using nationwide claims data to
overcome the limitations of the previous study
and verify the reproducibility.

Methods

Study population and data source

Korean National Health Insurance Service
(K-NHIS) data were used to identify the optimal
TT for adjuvant chemotherapy in patients with gas-
tric cancer. All residents of South Korea are man-
datory subscribers to nationwide insurance because
the K-NHIS, managed by the Korean govern-
ment, exclusively covers the entire Korean popula-
tion. The K-NHIS database consists of primary
and secondary diagnosis statements as defined by
the International Classification of Disease 10th
revision (ICD-10) codes, general specifications
(i.e. age and sex), pharmaceutical prescriptions,
medical utilization, and death information.!! For
this study, patients who had been diagnosed with
gastric cancer (C16) and had undergone gastrec-
tomy simultaneously were screened from 1 January
2013 to 31 December 2018. Individuals who

underwent gastrectomies before 2013 were
excluded from the study. Figure 1 shows the
patient selection process. Among the initial popu-
lation of 98,556 patients, we excluded patients
based on the following criteria: (1) patients who
received chemotherapy before surgery and did not
receive any chemotherapy after surgery; (2)
patients who had a diagnosis of other cancers,
which was defined as patients with an ICD code
other than gastric cancer (C16); (3) patients who
received postoperative chemotherapy other than
S-1 or CAPOX; and (4) patients who had incom-
plete or missing data. To avoid immortal time bias,
patients who survived for <3 months after diagno-
sis were excluded as conditional landmarks.!?
Ultimately, 6602 patients were included in the
analysis. We report this study in line with the
Strengthening the Reporting of Observational
Studies in Epidemiology Statement.!3

Demographic factors at baseline and
comorbidities

In this study, demographic information about
patients included age, sex, and income (bottom
30% wversus above 30%) at enrollment.
Comorbidities were identified based on the fol-
lowing ICD-10 codes: hypertension (I10-I13,
115), diabetes mellitus (E10-E14), dyslipidemia
(E78), chronic kidney disease (N18), and stroke
(I63-164), respectively. Finally, the Charlson
comorbidity index (CCI) was calculated using
Quan’s algorithm.!4

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in

Volume 16

Clinical variables

The type of adjuvant chemotherapy (S-1 wersus
CAPOX) was identified. TI was defined as the
period between surgery and the initiation of adju-
vant chemotherapy. Considering that the data
were based on health insurance claims data, the
following operational definition was used to
establish the predefined variables during data col-
lection. Adjuvant chemotherapy was defined as
the initiation of S-1 or CAPOX treatment within
3months of surgery. Adjuvant CAPOX was
defined to be administered if capecitabine and
oxaliplatin were administered on the same day or
at intervals of up to 1 week. T'o determine whether
adjuvant S-1 was completed as planned, the
period from the first administration start date to
the last end date, based on a total planned period
of 336days, was completed between 30days
before and 60 days after adjuvant S-1 was consid-
ered complete because of the possibility of chem-
otherapy delay. In the case of CAPOX, if the
number of oxaliplatin prescriptions was 8, the
planned treatment was defined as complete, and
if it was 7 or fewer, it was considered incomplete.
If the prescription of chemotherapeutic agents
was identified again after adjuvant S-1 or CAPOX
was administered, it was defined as a recurrent
case after surgery, and the patient received pallia-
tive first-line chemotherapy. Similarly, if the pre-
scription of other chemotherapies was detected
during adjuvant S-1 or CAPOZX, this was consid-
ered a case of recurrence during adjuvant chemo-
therapy, and a switch to palliative first-line
chemotherapy was made. DFS was defined as the
period from the date of surgery to the start of
first-line chemotherapy. Although we could not
determine the actual date of radiologically or clin-
ically confirmed recurrence, the definition of
DFS was adopted because palliative chemother-
apy was initiated in cases of recurrence. OS was
defined as the period from the date of surgery to
the date of death. Data were not collected from
patients who did not undergo chemotherapy,
even if they relapsed. Stages (II or III) of each
subject were not available for any subject.

Ethical statement

The study protocol was reviewed and approved
by the Institutional Review Board (IRB) of Kyung
Hee University Hospital. The IRB Board waived
the need for consent (Approval Number: KHUH
2019-08-031). All the personal information of the
participants was anonymized and de-identified.

Statistical analysis

Categorization of Tl group. To determine the opti-
mal cutoff point of TT between surgery and adju-
vant chemotherapy, a restricted cubic spline Cox
regression model was established using four knots
at the 5th, 23rd, 68th, and 84th percentiles based
on the lowest Akaike information criteria.!>17
The threshold was derived from the model after
we ascertained the bottom with a 95% CI below a
hazard ratio (HR) of 1.0.This threshold was used
to categorize the population into three distinct
groups based on TI: early, reference, and late
group, with the reference interval group having
the lowest mortality and recurrence.!?

Basic and survival analysis. To minimize hetero-
geneity between the reference group and the early
and late groups, a one-to-one propensity score
matching (PSM) analysis was performed. In con-
sideration of the limitations in variables available
from health insurance claims data, compared to
those obtainable from data of individual medical
records, we collected variables anticipated to
influence patients’ clinical outcomes from the
available data to conduct PSM, including age,
sex, region where patients received adjuvant che-
motherapy, and CCI. After PSM, baseline charac-
teristics are presented as a median (range) or
number (percentage). Variables such as age, sex,
region where the patients received adjuvant che-
motherapy, and CCI were used to construct a
multivariable model. Survival analysis, including
the Kaplan—Meier method with the log-rank test,
was estimated to certify the difference and risk of
mortality and events of first-line chemotherapy,
and HRs and 95% confidence intervals were
described. Finally, subgroup analyses were per-
formed according to age, sex, planned adjuvant
chemotherapy, CCI group, and type of adjuvant
chemotherapy, which were confirmed by p values
for interaction analysis. All statistical analyses
were performed using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and STATA16. Statis-
tical significance was set at p < 0.05 significant.

Results

Patient characteristics

Descriptive patient characteristics are summa-
rized in Table 1. Among a total of 6602 patients,
three groups were categorized as early group
(TI=<20days, n=738), reference group (TI 21—
34 days, n=3260), and late group (TI=35days,
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Table 1. Descriptive patient characteristics.

Characteristics Total Early group Reference group Late group p Value
N % N % N % N %

Age [year)
<65 4001 60.6 440 59.6 2146 65.8 1415 54.3 <0.0001
=65 2601 39.4 298 40.4 1114 34.2 1189 45.7
Median (range) 61(17-93) 61 (30-88) 59 (17-93) 63 (22-92)

Sex
Male 4468 67.7 509 69.0 2180 66.9 1779 68.3 0.3640
Female 2134 323 229 31.0 1080 33.1 825 31.7

Income
Low income 1302 19.7 170 23.0 607 18.6 525 20.2 0.0403
High income 5191 78.6 558 75.6 2591 79.5 2042 78.4
Missing 109 1.7 10 1.4 62 1.9 37 1.4

Type of chemotherapy
S-1 4199 63.6 590 79.9 2037 62.5 1572 60.4 <0.0001
CAPOX 2403 36.4 148 20.1 1223 S8 1032 39.6

Completion of planned adjuvant chemotherapy

No 1798 27.2 197 26.7 776 23.8 825 31.7 <0.0001
Yes 4804 72.8 541 73.3 2484 76.2 1779 68.3

CCl
0-3 6313 95.6 704 95.4 3126 95.9 2483 95.4 0.5772
=4 289 A 34 4.6 134 4.1 121 4.6

Comorbidity
Hypertension 2426 36.7 268 363 1178 36.1 980 39.1 0.0143
Diabetes 1352 20.5 149 20.2 590 18.1 613 23.5 <0.0001
Dyslipidemia 1038 15.7 92 12.5 497 15.2 449 17.2 0.0041
Chronic kidney disease 73 1.1 3 0.4 28 0.9 42 1.6 0.0036
Stroke 320 4.8 31 4.2 143 4.b 146 5.6 0.0663

Total 6602 100.0 738 100.0 3260 100.0 2604 100.0

CAPOX, capecitabine plus oxaliplatin; CCI, Charlson comorbidity index.

n=2604), respectively. The median age of the PSM between the early and reference groups, and
total population was 61 (17-93)years, and male the late and reference groups, respectively
patients were 67.7%. The distribution of each (Supplemental Tables 1 and 2). The median
clinical variable was balanced after one-to-one follow-up duration was 4.47 (range, 0.1-8.0) years.
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Survival outcomes according to Tl

The model-derived thresholds indicated that the
period between 14 and 34 days exhibited the low-
est HR below 1.0. However, given that initiating
adjuvant chemotherapy around 14 days post-sur-
gery is very rare in practice, we have pragmatically
categorized the TIs into the following groups
based on TI: early group (<20days), reference
group (21-34days), and late group (=35 days),
with the reference group exhibiting the lowest
mortality (Supplemental Figure 1). Before PSM,
the three groups (early, reference, and late group)
showed statistically different DFS (»p<<0.0001)
and OS (p<<0.0001) (Supplemental Figures 2
and 3). After PSM, the median DFS did not dif-
fer significantly between the early and reference
groups (p=0.7258) [Figure 2(a)]. Five-year DFS
rates were 80.2% and 80.7% in the early and ref-
erence groups, respectively. When comparing the
late and reference groups after PSM, the median
DFS was significantly shorter in the late group
(p=0.0079) [Figure 2(b)]. Five-year DFS rates
were 77.6% and 81.3% in the late and reference
groups, respectively. OS showed a similar pattern
after PSM. There was no significant difference
between the early and reference groups
(p=0.6056) [Figure 3(a)]. Five-year OS rates
were 85.8% and 85.3% in early and reference
groups, respectively. The OS was worse in the
late group than in the reference group (p=0.0336)
[Figure 3(b)]. Five-year OS rates were 82.1% and
85.0% in the late and reference groups, respec-
tively. In the multivariable analysis, which was
adjusted for other variables, including completion
of planned chemotherapy and type of adjuvant
chemotherapy, adjusted HRs (aHRs) for DFS
and OS (early versus reference group) did not
show significant differences (aHR: 0.965, 95%
CI: 0.761-1.222, p=0.7659 for DFS and aHR:
0.818,95% CI: 0.616-1.088, p=0.1679 for OS).
Age >65years, incomplete adjuvant chemother-
apy, and XELOX (wversus S-1) increased the likeli-
hood of worse DFS and OS (Table 2). In the
comparison of the late and reference groups,
aHRs for DFS were significantly increased in the
late group (aHR: 1.138, 95% CI: 1.003-1.292,
p»=0.045). However, aHR for OS was non-signif-
icantly higher in the late group compared to the
reference group (aHR: 1.138, 95% CI: 0.984—
1.317, p=0.0805). Age >65years, incomplete
duration of adjuvant chemotherapy, and treat-
ment with XELOX (versus S-1) and CCI (=4 ver-
sus 0-3) were significantly unfavorable factors for
OS, whereas the effect of CCI on DFS showed
similar but not significant results (Table 3).

Subgroup analysis

Subgroup analysis of DFS between the early and
reference groups showed no differences among
the subgroups [Supplemental Figure 4(a)]. A
similar pattern was observed in the subgroup
comparing the DFS between the late and refer-
ence groups [Supplemental Figure 4(b)]. When
comparing OS between the early and reference
groups, none of the subgroups showed any differ-
ences or interactions [Supplemental Figure 5(a)].
Subgroup analysis of OS between the late and
reference groups also showed no significant
interactions across the variables [Supplemental
Figure 5(b)].

Discussion

In this population-based study, we investigated
the optimal TT between surgery and the initiation
of adjuvant chemotherapy. In the results, there
was no significant impact on survival outcomes of
recurrence and all-cause mortality between the
early (TI<20days) and reference groups (TT 21—
34 days), whereas the late group (TI=35days)
showed worse DFS as well as non-significant
inferior OS. This finding could be interpreted as
delaying adjuvant chemotherapy for >5weeks
after surgery, which may have an adverse effect
on patient survival, especially DFS. Considering
that the growth kinetics of tumor cells follow the
Gompertzian model, prompt initiation of postop-
erative chemotherapy following radical surgery to
eradicate possible microscopic metastasis is rea-
sonable, even though the evidence supporting this
hypothesis is sparse. Several studies have reported
appropriate TI between surgery and the initiation
of adjuvant chemotherapy in various types of can-
cer, including gastric cancer. In a cohort study of
a pancreatic cancer population, survival outcomes
were best when adjuvant chemotherapy was initi-
ated within 28-59 days after surgery.!” If the dis-
ease started earlier or later than this period, worse
mortality rates were observed. In a study of
patients with stage III colon cancer, a TI of
<8weeks was recommended.!® In gastric cancer,
adjuvant chemotherapy delayed for more than
28 days after surgery is reportedly associated with
poorer outcomes.!® By contrast, another study
showed that early initiation of adjuvant chemo-
therapy within or after 3 weeks did not have a sig-
nificant effect on survival.2® When TT was based
on 4weeks, a delay of more than 4 weeks showed
worse OS than that in the group that initiated
adjuvant chemotherapy within 4weeks. These
findings are consistent with our results because
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Figure 2. Disease-free survival between the early and reference groups (a) and between the late and

reference groups (b).

the early group (TI less than 3weeks) showed
similar outcomes to the reference group, and the
late group, in which patients started adjuvant
chemotherapy after 5 or more weeks, had poorer

DFS. Several other studies present similar or con-
flicting results, such as whether there is a signifi-
cant effect on survival according to a given TI,
such as at 6 or 8weeks.21723 All these studies had
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Figure 3. Overall survival between the early and reference groups (a) and between the late and reference

groups (b).

a retrospective design with a small sample size,
limiting the credibility of the results. However,
our data are more convincing in that we targeted
a much larger nationwide cohort. In addition, our

results are more practical because we presented
the TT as the range of the most appropriate time,
rather than a binary distinction divided by a single
time point.
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It should be noted that, unlike DFS, OS in the
late group was inferior without statistical signifi-
cance. When analyzing the effect of the initiation
point of adjuvant chemotherapy on survival, it is
important to identify whether DFS, which is
directly related to recurrence, or OS, which is
related to all-cause mortality, are appropriate sur-
rogate markers. Although OS is the ultimate
parameter in oncological clinical trials, the pri-
mary and direct effects of the timing of adjuvant
chemotherapy may be closer to disease recur-
rence than all-cause mortality. Thus, pivotal
studies examining the role of perioperative chem-
otherapy set DFS, or progression-free survival, as
the primary endpoint.?426 Analysis of the long
and varied disease courses after recurrence using
a large-scale cohort can be difficult. Therefore,
the complexity and diversity of each patient’s
subsequent treatment after recurrence may have
diluted the observed differences in DFS. The rea-
sons for the absence of significant differences in
DFS and OS between the early and reference
groups remain unclear. Initially, the restricted
cubic spline Cox regression model used to iden-
tify the TT range associated with the lowest mor-
tality included TI of 14-34days, as previously
mentioned. However, patients within this specific
interval were not included in our reference group
for the aforementioned pragmatic reason.
Therefore, it might be possible that the inclusion
of some patients with relatively favorable progno-
ses in the early group, defined as having a TI of
less than 21days, may have diluted the differ-
ences observed between this group and the refer-
ence group.

Another independent factor was identified in the
multivariable analysis. Regarding DFS and OS in
the late group, patients who were 65years or
older, did not complete the planned adjuvant
chemotherapy, and received CAPOX (compared
with S-1) showed worse outcomes. Those with
four or more CCI-designated diseases had a
worse OS. These findings, except for the chemo-
therapy regimen CAPOX, seem to be unques-
tionably and generally acceptable, as these factors
are related to negative features for optimal treat-
ment. The effect of CAPOX compared to that of
S-1 was unexpected and will be further addressed
in our next study.

Our study had several limitations. First, although
the all-cause mortality of the participants in our
study was officially confirmed in the database, the
operational definition of disease recurrence may

not completely capture the actual status because
a subset of patients had recurrent disease but did
not receive any treatment. Therefore, the recur-
rence rates in our study population may have
been underestimated. However, because the pop-
ulation was quite large, there is a possibility that
the degree of underestimation may be evenly dis-
tributed in each group. Therefore, we believe that
our results are valid. Second, information on the
pathological stage of the participants, which has a
significant effect on recurrence and death, could
not be obtained owing to the lack of information
in the K-NHIS database. Third, similarly to the
information on staging, this study did not intri-
cately consider clinical variables such as the type
of surgery or the presence and type of postopera-
tive complications, which have a significant
impact on the outcome analysis. Due to the
nature of this analysis, which relied on large-scale
health insurance claims data rather than detailed
patient medical records, these critical clinical var-
iables were not incorporated into our results
despite their importance. This limitation under-
scores a gap between the granularity of insurance
claims data and the detailed clinical insights that
individual patient records might provide, high-
lighting an area for future research to bridge this
divide for a more comprehensive analysis. Despite
these limitations, we believe the results of our
analysis are powerful, particularly because it
employs a nationwide large population that has
not been previously explored for this topic.

Conclusion

In conclusion, adjuvant chemotherapy after gas-
trectomy in patients with gastric cancer should be
initiated within 5weeks of surgery. A delay of
more than 5weeks may have a detrimental effect
on the subsequent disease course.

Declarations

Ethics approval and consent to participate

The study protocol was reviewed and approved
by the Institutional Review Board (IRB) of Kyung
Hee University Hospital. The IRB has granted a
waiver of consent (Approval Number: KHUH
2019-08-031). All personal information of sub-
jects was anonymized and de-identified.

Consent for publication
Not applicable since this study was based on a
national data registry of the anonymized cohort.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

CH Maeng, H Kim et al.

Author contributions

Chi Hoon Maeng: Conceptualization; Formal
analysis; Funding acquisition; Investigation;
Methodology; Project administration.

Hoseob Kim: Data curation; Formal analysis;
Investigation; Methodology; Resources; Software.

Mina Kim: Formal analysis; Software;
Validation.

Acknowledgements

None.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
supported by the National Research Foundation
of Korea (NRF) grant funded by the Korean
Government (MSIT) (No.2021R1F1A1061156).

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials

Data are contained within the article and is avail-
able on request to the corresponding author, Chi
Hoon Maeng.

ORCID iD
Chi Hoon Maeng
0002-4450-3350

https://orcid.org/0000-

Supplemental material
Supplemental material for this article is available
online.

References
1. Siegel RL, Miller KD, Fuchs HE, er al. Cancer
statistics, 2022. CA Cancer ¥ Clin 2022; 72: 7-33.

2. Morgan E, Arnold M, Camargo MC,
et al. The current and future incidence and
mortality of gastric cancer in 185 countries,
2020-40: A population-based modelling study.
eClinicalMedicine 2022; 47: 101404.

3. Cunningham D, Allum WH, Stenning SP, er al.
Perioperative chemotherapy wversus surgery alone
for resectable gastroesophageal cancer. New Engl
F Med 20065 355: 11-20.

4. Ychou M, Boige V, Pignon JP, et al. Perioperative
chemotherapy compared with surgery alone for

10.

11.

12.

13.

14.

15.

resectable gastroesophageal adenocarcinoma: An
FNCLCC and FFCD multicenter phase III trial.
F Clin Oncol 20115 29: 1715-1721.

Al-Batran S-E, Homann N, Pauligk C, ez al.
Perioperative chemotherapy with fluorouracil
plus leucovorin, oxaliplatin, and docetaxel versus
fluorouracil or capecitabine plus cisplatin and
epirubicin for locally advanced, resectable gastric
or gastro-oesophageal junction adenocarcinoma
(FLOT4): A randomised, phase 2/3 trial. Lancet
2019; 393: 1948-1957.

Kakeji Y, Yoshida K, Kodera Y, ez al. Three-
year outcomes of a randomized phase III trial
comparing adjuvant chemotherapy with S-1 plus
docetaxel versus S-1 alone in stage III gastric
cancer: JACCRO GC-07. Gastric Cancer 2022;
25:188-196.

Kim T-H, Kim I-H, Kang SJ, er al. Korean
Practice Guidelines for Gastric Cancer 2022: An
evidence-based, multidisciplinary approach. ¥
Gastric Cancer 20235 23: 3-106.

Japanese Gastric Cancer Association. Japanese
Gastric Cancer Treatment Guidelines 2021 (6th
edition). Gastric Cancer 20235 26: 1-25.

Smyth EC, Verheij M, Allum W, ez al. Gastric
cancer: ESMO clinical practice guidelines for
diagnosis, treatment and follow-upt. Ann Oncol
2016; 27: v38-v49.

Ahn GT, Baek SK, Han J]J, et al. Optimal time
interval from surgery to adjuvant chemotherapy
in gastric cancer. Oncol Lerr 2020; 20: 32.

Suh YS, Lee J, Woo H, er al. National cancer
screening program for gastric cancer in Korea:
Nationwide treatment benefit and cost. Cancer
2020; 126: 1929-1939.

Park HS, Gross CP, Makarov DV, ez al. Immortal
time bias: A frequently unrecognized threat

to validity in the evaluation of postoperative
radiotherapy. Int ¥ Radiat Oncol Biol Phys 2012;
83: 1365-1373.

von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Ann Intern Med 2007; 147: 573-577.

Quan H, Sundararajan V, Halfon P, et al. Coding
algorithms for defining comorbidities in ICD-
9-CM and ICD-10 administrative data. Med Care
2005; 43: 1130-1139.

Desquilbet L. and Mariotti F. Dose-response
analyses using restricted cubic spline functions
in public health research. Stat Med 2010; 29:
1037-1057.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0002-4450-3350
https://orcid.org/0000-0002-4450-3350

THERAPEUTIC ADVANCES in

Volume 16

Visit Sage journals online
journals.sagepub.com/
home/tam

S Sage journals

16.

17.

18.

19.

20.

Harrell FE. Regression modeling strategies: With
applications to linear models, logistic regression, and
survival analysis. 1st ed. New York, NY: Springer,
2001, p. XX1V, 572.

Ma §]J, Oladeru OT, Miccio JA, et al.
Association of timing of adjuvant therapy with
survival in patients with resected stage I to II
pancreatic cancer. FAMA Netw Open 2019; 2:
€199126-e199126.

Gao P, Huang X-Z, Song Y-X, et al. Impact of
timing of adjuvant chemotherapy on survival in
stage III colon cancer: A population-based study.
BMC Cancer 2018; 18: 234.

Kang SY, Ahn MS, Song GW, et al. Does the
timing of adjuvant chemotherapy for gastric
cancer influence patient outcome? Acta Oncol
20155 54: 1231-1234.

Lee Y, Min S-H, Park KB, ez al. Effect of early
adjuvant chemotherapy on survival of advanced
gastric cancer patients: A propensity score-
matched analysis. ¥ Gastric Cancer 2018; 18:
58-68.

. Park HS, Jung M, Kim HS, ez al. Proper timing

of adjuvant chemotherapy affects survival in
patients with stage 2 and 3 gastric cancer. Ann
Surg Oncol 2015; 22: 224-231.

22.

23.

24.

25.

26.

Huang S-M, Chen Y-C, Chen W-Y, er al.
Optimal timing for postsurgical adjuvant therapy
in patients with gastric cancer: A propensity score
matching study. Fo Cancer 2019; 10: 332-340.

Fujitani K, Kurokawa Y, Takeno A, er al.

Time to initiation or duration of S-1 adjuvant
chemotherapy; which really impacts on survival
in Stage II and III gastric cancer? Gastric Cancer
2018; 21: 446-452.

Kang Y-K, Yook JH, Park Y-K, er al. PRODIGY:
A phase III study of neoadjuvant docetaxel,
oxaliplatin, and S-1 plus surgery and adjuvant
S-1 wversus surgery and adjuvant S-1 for resectable
advanced gastric cancer. ¥ Clin Oncol 2021; 39:
2903-2913.

Bang Y-J, Kim Y-W, Yang H-K, ez al. Adjuvant
capecitabine and oxaliplatin for gastric cancer
after D2 gastrectomy (CLASSIC): A phase 3
open-label, randomised controlled trial. Lancet
2012; 379: 315-321.

Lee J, Lim DH, Kim S, er al. Phase III trial
comparing capecitabine plus cisplatin versus
capecitabine plus cisplatin with concurrent
capecitabine radiotherapy in completely resected
gastric cancer with D2 lymph node dissection:
The ARTIST trial. ¥ Clin Oncol 2012; 30:
268-273.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

