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Background: The duration and the optimal time to adjuvant chemotherapy (TAC) in locally
advanced gastric cancer (LAGC) have net not been sufficiently demonstrated. Sequential
adjuvant chemotherapy (AC) after neoadjuvant chemotherapy plus gastrectomy is increas-
ingly utilized, making the question more complicated.

Patients and Methods: Data were collected from patients with LAGC who underwent
5-Fu-based doublet regimens as adjuvant treatment after gastrectomy in a single-center
database. TAC and duration (cycles) were used to evaluate survival outcomes.

Results: A total of 816 patients were included. Patients received over six cycles and TAC
less than 42 days significantly correlated with better survival (log-rank Pi..,q<0.001). The
analysis of TAC and number cycles were separately applied in perioperative chemotherapy
(PEC) and postoperative chemotherapy (POC) group using Cox regression. The number of
cycles revealed a statistical significance improving OS rate both in POC (HR=0.904, 95%
CI=0.836-0.977, P=0.011) and PEC (HR=0.887, 95% CI=0.798-0.986, P=0.026), while
only in POC did the TAC show an increasing trend of risk with borderline significance
(OS: HR=1.008, 95% CI=0.999-1.018, P=0.094; PFS: HR=1.009, 95% CI=1.000-1.018,
P=0.055). A spline model demonstrates the less improvement in survival after cycles of
chemotherapy reaching six.

Conclusion: Our findings suggest that TAC is more likely to downregulate the survival
benefit in POC rather than PEC, while overall survival is susceptible to cumulative cycles of
chemotherapy in both groups. Furthermore, six cycles of chemotherapy tended to reach the
maximum survival benefits. Prospective confirmation is required.

Keywords: gastric cancer, chemotherapy, time to initiation, duration, restricted cubic spline

Introduction
Gastric cancer (GC) is the fifth most commonly diagnosed neoplasm, accounting
for 5.7% of all cancers worldwide; around 50% of GC cases occur in China.!?
Unlike Japan, South Korea, and several other East Asian countries, most patients
with GC in China are diagnosed at an already advanced stage with a high tumor
load; thus, radical gastrectomy is the only available curative treatment. However,
evidence indicates it has limited efficacy.

Relative to surgery-only treatment, many large-scale prospective randomized
controlled studies have demonstrated improvements in overall survival (OS) and
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progression-free survival (PFS) in patients treated with
S-fluorouracil (5-Fu)-based perioperative chemotherapy
(PEC) or postoperative chemotherapy (POC) alone.*’ In
order to eradicate micrometastases and alleviate tumor
load, chemotherapy of six cycles or more is required.>”’
Moreover, the time to adjuvant chemotherapy (TAC)
should be within 6-8 weeks, as indicated by several clin-
ical trials.>>’

However, these treatment protocol blueprints are over-
shadowed by poor completion rates, and the restricted time
frame for treatment is not easy to adhere to for patients
with poor health status or more severe postoperative
complications.®’ While many studies have examined the
survival outcomes in POC patients with delayed TAC, the
findings are inconsistent.'®'* On the other hand, there
have been a few studies of PEC outcomes with delayed
TAC."* Moreover, little is known about the “flexion point”
in the duration of chemotherapy; that is, the time frame in
which optimal treatment efficacy can be achieved. Most
retrospective studies have focused on treatment comple-
tion rather than the treatment sequence or strategies.'®
There is also much concern as to whether TAC and dura-
tion have the same influences in PEC and POC patients.

Therefore, in the present study, we sought to explore
the influences of TAC and the number of chemotherapy
cycles on patient survival. This study was conducted
among a sample of LAGC patients who received PEC
or POC.

Patients and Methods

Patients

The data were obtained from a retrospective database of
all patients receiving adjuvant chemotherapy after curative
gastrectomy at the Peking University Cancer Hospital and
Institute from January 1, 2007, to January 1, 2018.

The inclusion criteria included: 1) A proven diagnosis
of gastric adenocarcinoma by preoperative (for pathologi-
cal complete response only) and postoperative pathology;
2) complete clinicopathological data recorded; 3) no signs
of distant metastasis at first visit; 4) patients had under-
gone adjuvant chemotherapy after surgery; and 5) curative
gastrectomy was performed.

The exclusion criteria were as follows: 1) Lack of data
on chemotherapy initiation date or number of cycles of
chemotherapy; 2) patients treated with mono-, triple-drug
therapy, or dual drugs without a 5-Fu-based regimen dur-
who received

ing adjuvant treatment; 3) patients

radiotherapy or targeted therapy before relapse; 4) patients
who received intraperitoneal chemotherapy or hyperther-
mia intraperitoneal chemotherapy; 5) patients with R1/R2
resection or suspected of having metastasis during the
initiation of adjuvant chemotherapy after curative resec-
tion; 6) patients with DO/D1/D1+ lymphadenectomy; 7)
patients at stage T1a-bNO without preoperative chemother-
apy; and 8) prior history of gastrointestinal tumor
(Figure 1). In total, 816 eligible patients were identified
in the retrospective database.

Regimen and Measurement of Cycles and
TAC

There are seven types of 5-Fu-based dual-chemotherapy
regimen protocols, including SOX (oxaliplatin plus S-1),
CapeOX (oxaliplatin plus capecitabine), FOLFOX (oxali-
platin plus 5-Fu/4-Lv), CS (cisplatin plus S-1), PX (pacli-
taxel plus capecitabine), PS (paclitaxel plus S-1), and
XELIRI (irinotecan plus capecitabine). The treatment pro-
tocols administered in this study were in accordance with
the guidelines of the NCCN'> and are described in
Supplementary Table S1. In PEC, theoretically, postopera-

tive chemotherapy regimen consisted of the same che-
motherapy regimen as prescribed preoperatively. A small
fraction of NACT patients received altered 5-Fu-based
chemotherapy regimens after gastrectomy (eg, from SOX
to PS). In this case, the adjuvant chemotherapy regimen
was regarded as the “major regimen” and must be within
the dual drug selection. For patients who received NACT,
the number of cycles was the sum of the perioperative
cycles, while for patients who received only adjuvant
chemotherapy, the number of cycles was the number of
postoperative cycles. To assess the influence of the number
cycles, the three 14-day cycles of FOLFOX were calcu-
lated as two 21-day cycles, consistent with the other 5-Fu-
based regimens. The time to adjuvant chemotherapy was
defined as the number of days from the completion of
radical surgery to the first administration of chemotherapy.
Patients were stratified into four groups based on the
number of cycles completed and TAC: A) Patients who
received more than six cycles of chemotherapy and TAC
<42 days (n=365); B) patients who received more than six
cycles of chemotherapy with TAC >42 days (n=137); C)
patients who received less than six cycles of chemotherapy
with TAC >42 days (n=192); and D) patients who received
less than six cycles of chemotherapy with TAC >42 days
(n=123).
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Figure | Selection of patients for inclusion.

Data Collection

The patient characteristics, including age, body mass
(BMI), of
Anesthesiologists score (ASA), ECOG performance sta-

index gender, American  Society
tus, comorbidities, tumor location, tumor diameter (on
short axis), differentiation grade, vascular involvement,
pathological (p) or post-therapy pathological (yp) TNM
stage, type of resection, complications, adverse events,
total cycles of chemotherapy, date of NACT initiation,
date of surgery, date of adjuvant chemotherapy initia-
tion, date of progression or recurrence, OS, and PFS,
have been previously described.'® For POC patients, OS
or PFS was defined as time from the beginning of
radical resection until confirmation of disease progres-
sion or death. For PEC patients, OS or PFS was defined
as time from the start of chemotherapy until confirma-
tion of disease progression or death. Postoperative com-
plications were classified according to the Clavien-
Dindo classification system. Adverse events were clas-
sified according to the Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0.'7 The clinical

and pathological data, measure of response for NACT

patients, and ways of follow-up were described in our
earlier study.'®

Statistical Analysis

Continuous variables were summarized as mean+standard
deviation or median (IQR) and were compared across
groups using the Kruskal-Wallis test. Categorical variables
were analyzed using the Chi-squared test. The relation-
ships between clinical and pathological factors and long-
term PFS and OS were assessed using univariate Log rank
tests and a multivariate Cox proportional hazard model.
that
a P-value<0.10 in univariate analysis were included in

Tumor or treatment characteristics achieved
the multivariate analysis. A correlation matrix was used
to examine parameters with high collinearity. Correlation
coefficients of >0.4 were considered as showing a positive
correlation between variables. Continuous covariates were
dichotomized or categorized if necessary to reduce multi-
collinearity. To model the nonlinear relationship between
TTS and OS (or PFS), a restricted cubic spline (RCS)
procedure was fitted with three internal knots (10th, 50th,

and 90th centiles as suggested by Harrell).'® Testing for
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trends can be applied based on various statistical hypoth-
esis when necessary. For all analyses, P<0.05 was consid-
ered statistically significant. Statistical analyses were
performed using SE STATA (Stata Statistical Software,
release 15.1; Stata Corp, College Station, TX, USA).

Results

Patient Characteristics

The baseline clinicopathological characteristics of the
patients are summarized in Table 1. Significant differences
were found in age, tumor location, resection type, neoad-
juvant chemotherapy, grades of complications, and adverse
events. Patients receiving adjuvant chemotherapy greater
than 42 days and less than six cycles were more likely to
be older, have diffused location tumors, and have under-
gone total gastrectomy. In addition, patients who suffered
from higher grade postoperative complications were more
susceptible to time delay, while patients who received
sufficient cycles tended to have a higher grade of adverse
events. The distribution of TAC and chemotherapy cycles
is shown in Figure 2 with a median time to adjuvant
(IQR=31-45 days) and
a median of six cycles of chemotherapy (IQR=4-8 cycles).

chemotherapy of 36 days

Follow-Up Survival and Recurrence
Among the entire cohort, there were 264 deaths and 325
recurrences. The median follow-up period among all
patients was 49 months (IQR=29-75 months). Kaplan—
Meier curves for OS and PFS are presented in Figure 3
with statistically significant differences and statistical
trends between the previously stratified groups evident in
OS (P=0.008 and Pyng<0.001 from group A to D) and
marginally significant differences and significant trends in
PFS (P=0.050 and Pieng=0.006 from group A to D). The
Kaplan—Meier curves for duration or for initiation are,
shown in Supplementary Figure S1 and S2, respectively.
In the univariate analyses, BMI, ASA, ECOG, comor-
bidities, tumor location, diameter, differentiation, post-

operative complications, lymphovascular invasion, p/yp
T/N/TNM stage, type of resection, regimen, adverse
event, cycles <6 (or as continuous variables), and TAC
>42 days (or as continuous variables) were related to
poorer survival prognosis (P<0.10) (Table 2). Given that
both ECOG and ASA measure similar things, ECOG was
included in the multivariate model rather than ASA.
Because of collinearity, lymphovascular invasion (r=0.49,
with p/yp N stage), type of gastrectomy (r=—0.47, with

tumor location), and (p/yp) T and (p/yp) N stages were
integrated as (p/yp) TNM stage. After adjusting for poten-
tial confounders in the multivariate Cox regression model,
more than six cycles of chemotherapy was associated with
a significant improvement in OS (HR=1.335, 95%
CI=1.040-1.713, P=0.023), but not significant in PFS
(HR=1.201, 95% CI=0.958-1.505, P=0.113). However,
for TAC >42 days, there were no statistically significant
differences in the survival benefit in terms of OS and PFS
(Table 2). To further demonstrate the relationships
between covariates and survival outcomes, the number of
cycles and TAC were considered as continuous predictive
variables in a Cox model of proportional risks (Model 2).
In the second model, the results were almost the same as
the dichotomized model: cycles (as a continuous variable)
was a significant predictor only of OS (HR=0.930, 95%
CI=0.878-0.985, P=0.014). This suggests a trend whereby
a greater number of cycles is associated with a decreased
risk of death. Again, no such relationship was observed for
TAC (Table 3).

Effect of PEC Vs POC on Chemotherapy

Initiation and Duration
Given that the TNM stage and response to chemotherapy
are not equivalent in patients with NACT treatment versus
those without, a subsequent analysis was performed to
investigate the influence of these covariates on the PEC
and POC groups, respectively (Tables 4 and 5). Models 3
and 4 demonstrate the initiation/duration effect on POC
patients. When the variables were dichotomized, both
cycles <6 (HR=1.372, 95% CI=0.957-1.967, P=0.085)
and TAC >42 days (HR=1.415, 95% CI=0.964-2.077,
P=0.076) were close to being statistically significant pre-
dictors of OS but not PFS (Model 3). However, in the
continuous Cox regression model (Model 4), a significant
downward association was detected between the cumula-
tive number of cycles and OS risk (HR=0.904, 95%
CI=0.836-0.977, P=0.011); this relationship was
approaching significance for PFS (HR=0.942, 95%
CI=0.880-1.008, P=0.086). TAC also showed a reliable
trend towards increased OS (HR=1.008, 95%
CI=0.999-1.018, P=0.094), and an almost significant ten-
dency for PFS (HR=1.009, 95% CI=1.000-1.018,
P=0.055).

In the PEC subgroup, TAC, both the dichotomous and
continuous variables were not significantly associated with
an OS/PFS benefit (Model 5—6). The number of cycles
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Table | Patient Characteristics Categorized by Time to Initiation and Duration of Chemotherapy
Characteristics Total (A) Cycles>6/ (B) Cycles>6/ (C) Cycles<é6/ (D) Cycles<é/ P-value
TAC<42 TAC>42 TAC<42 TAC>42
No. of patients 8l6 363 137 192 123
Age, median (IQR), years 57 (51-64) 56 (49-63) 60 (53-64) 59 (52-66) 61 (53-66) <0.001
BMI, median (IQR), (kg/m?) | 23.51 23.65 25.53 23.18 23.04 0.077
(21.30-25.51) (21.53-25.83) (21.63-26.04) (21.30-25.25) (20.58-25.10)
Male 609 (74.63) 277 (76.10) 109 (79.56) 139 (72.40) 84 (68.29) 0.152
ASA score 0.187
| 84 (10.29) 41 (11.26) 13 (9.49) 17 (8.85) 13 (10.57)
2 623 (76.35) 286 (78.57) 107 (78.10) 143 (74.48) 87 (70.73)
3 109 (13.36) 37 (10.16) 17 (12.41) 32 (16.67) 23 (18.70)
4 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
ECOG 0.074
0 633 (77.57) 293 (80.49) 109 (79.56) 137 (71.35) 94 (76.42)
| 162 (19.85) 67 (18.41) 26 (18.98) 46 (23.96) 23 (18.70)
2 19 (2.33) 4 (1.10) 2 (4.17) 8 (4.17) 5 (4.07)
3 1 (0.12) 0 (0.00) 0 (0.00) 1 (0.52) 0 (0.00)
4 1 (0.12) 0 (0.00) 0 (0.00) 0 (0.00) | (0.81)
Comorbidities 260 (31.86) 107 (29.40) 46 (33.58) 70 (36.46) 37 (30.08) 0.354
Location 0.015
Upper 238 (29.17) 98 (26.28) 36 (26.28) 60 (31.25) 44 (35.77)
Middle 125 (15.32) 56 (15.38) 26 (18.98) 24 (12.50) 19 (15.45)
Lower 418 (51.23) 198 (54.40) 72 (52.55) 100 (52.08) 48 (39.02)
Diffuse 35 (4.29) 12 (3.30) 3(2.19) 8 (4.17) 12 (9.76)
Diameter (cm) 0.060
<2 346 (42.40) 159 (43.68) 61 (44.53) 80 (41.67) 46 (37.40)
2-5 363 (44.49) 161 (44.23) 67 (48.91) 83 (43.23) 52 (42.28)
>5 107 (13.11) 44 (12.09) 9 (6.57) 29 (15.10) 25 (20.33)
Differentiation 0.301
Well 74 (9.07) 24 (6.59) 14 (10.22) 19 (9.90) 17 (13.82)
Moderate 391 (47.92) 179 (49.18) 67 (48.91) 93 (48.44) 52 (42.28)
Poor 351 (43.01) 161 (44.23) 56 (40.88) 80 (41.67) 54 (43.90)
pTor ypT
(yp) TO 25 (3.06) 10 (2.75) 4 (292 8 (4.17) 3 (244) 0.567
(yp) TI 35 (4.29) 17 (4.67) 7 (5.11) 6 (3.13) 5 (4.07)
T2 127 (15.56) 62 (17.03) 21 (15.33) 28 (14.58) 16 (13.01)
T3 257 (31.50) 117 (32.14) 51 (37.23) 58 (30.21) 31 (25.20)
T4 372 (45.59) 158 (43.41) 54 (39.42) 92 (47.92) 68 (55.28)
pN or ypN 0.940
NO 230 (28.19) 104 (28.57) 40 (29.20) 51 (26.56) 35 (28.46)
NI 192 (23.53) 87 (23.90) 32 (23.36) 43 (22.40) 30 (24.39)
N2 166 (20.34) 79 (21.70) 23 (16.76) 38 (19.79) 26 (21.14)
N3 228 (27.94) 94 (25.82) 42 (30.66) 60 (31.25) 32 (26.02)
yp or p Stage 0.720
Per 21 (2.57) 6 (1.65) 4(2.92) 8 (4.17) 3 (244)
| 77 (9.44) 35 (9.62) 13 (9.49) 16 (8.33) 13 (10.57)
1l 265 (32.48) 125 (34.34) 48 (35.04) 58 (30.21) 34 (27.64)
(Continued)
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Table | (Continued).

Characteristics Total (A) Cycles=>6/ (B) Cycles=6/ (C) Cycles<é/ (D) Cycles<é/ P-value
TAC<42 TAC>42 TAC<42 TAC>42
11l 453 (55.51) 198 (54.40) 72 (52.55) 110 (57.29) 73 (59.35)
Resection type
Total 337 (41.30) 135 (37.09) 50 (36.50) 84 (43.75) 68 (55.28) 0.002
Subtotal 479 (58.70) 229 (62.91) 87 (63.50) 108 (56.25) 55 (44.72)
Postoperative <0.001
complications
No complications 568 (69.61) 276 (75.82) 76 (55.47) 146 (76.04) 70 (56.65)
Grade |-l 139 (17.03) 58 (15.93) 26 (18.89) 29 (15.10) 26 (21.14)
Grade IlI-IV 109 (13.36) 30 (8.24) 35 (25.55) 17 (8.85) 27 (21.95)
Regimen 0.187
SOX 418 (51.23) 188 (51.65) 67 (48.91) 95 (49.48) 68 (55.28)
XELOX 194 (23.77) 97 (26.65) 36 (26.28) 40 (20.83) 21 (17.07)
FOLFOX 161 (19.73) 57 (15.66) 26 (18.98) 51 (26.56) 27 (21.95)
TX 20 (2.45) 9 (2.47) 4 (2.92) 3 (1.56) 4 (4.25)
TS 20 (2.45) 12 (3.30) 4(2.92) 2 (1.04) 2 (1.63)
(&N 2 (0.25) 1 (0.27) 0 (0.00) 0 (0.00) I (0.81)
Xeliri I (0.12) 0 (0.00) 0 (0.00) 1 (0.52) 0 (0.00)
Adverse events 0.009
Grade 0 53 (6.50) 14 (3.85) 9 (6.57) 15 (7.81) 15 (12.20)
Grade | 261 (31.99) 101 (27.75) 42 (30.66) 72 (37.50) 46 (37.40)
Grade 2 334 (40.93) 170 (46.70) 61 (44.53) 67 (34.90) 36 (29.27)
Grade 3 162 (19.85) 76 (20.88) 25 (18.25) 36 (18.75) 25 (20.33)
Grade 4 6 (0.74) 3 (0.82) 0 (0.00) 2 (1.04) | (0.81)
NACT <0.001
No 443 (54.29) 182 (50.00) 55 (40.15) 132 (68.75) 74 (60.16)
Yes 373 (45.71) 182 (50.00) 82 (59.85) 60 (31.25) 49 (39.84)

Notes: Values in parentheses are percentages, unless indicated otherwise.

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; ECOG, Eastern Cooperative Oncology Group; NACT, neoadjuvant chemotherapy.

again was associated with significant improvement in OS,
for both the dichotomized (HR=1.567, 95%
CI=1.077-2.282, P=0.019, Model 5) and continuous vari-
able (HR=0.887, 95% CI=0.798-0.986, P=0.026,
Model 6), but was not a significant predictor of reduced
PFS (P=0.120, Model 5; P=0.140, Model 6).

Interpretation of the Nonlinear

Relationship Based on Cox Regression

Above, we used Cox models to demonstrate significant
or reliable associations between initiation time/che-
motherapy duration and OS/PFS risk. To fully explain
the relationships between these variables and survival
risks, restricted cubic-spline Cox proportional hazard
regressions were performed. Since the number of
cycles was associated with survival outcomes of both

PEC and POC patients, the analysis of cycles was
based on the whole sample of patients. TAC, as
reported above, was not associated with survival out-
come in the PEC group; thus, it was only entered as
a predictor for the POC patients. For the analysis of
duration, univariate cubic splines were first performed.
The nonlinear Wald test result was 0.042 for OS and
0.014 for PFS. The univariate RCS revealed that
patients who received six cycles of chemotherapy had
the lowest survival risks (Figure 4A and B), whilst the
steep downward trend turned smooth when the cycle
number reached after five and the flexion point was
approximately near the six. When adjusted for covari-
ates in Model 2, the Wald test failed to identify
a significant non-linear model over a linear model
with P-values of 0.342 for OS and 0.164 for PFS.
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Figure 3 (A) Kaplan—Meier estimates for overall survival by group. (B) Kaplan—Meier estimates for progression-free survival by group.
Thus, the regression spline was only applied in the grade of leucopenia, thrombocytopenia, hepatotoxicity,

univariate model, which suggested that six cycles neurotoxicity, skin reaction, and fatigue in patients who

tended to achieve maximum survival benefit. completed the cycles (Pyeng<0.05). Compared with
POC, PEC patients with sufficient cycles (>6) had
a higher chance to undergo thrombocytopenia (Pyeng
=0.003) but a lower fatigue rate (Pyeng=0.031). Except
from this, the toxicities between PEC and POC were

comparative.

Adverse Events

The major adverse events during chemotherapy are pre-
sented in Table 6. No deaths related to chemotherapy
were observed. There is a significant trend for higher
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors

Variables os PFS
Univariate Multivariate Univariate Multivariate
Hazard Ratio* P-value | Hazard Ratio* P-value | Hazard Ratio* P-value | Hazard Ratio* P-value

Age (years)

<60

>60 1.190 (0.933-1.518) 0.159 1.130 (0.907-1.408) 0.273
BMI (kg/m?)

<239

>23.9 0.754 (0.589-0.965) 0.024 0.865 (0.668—1.119) | 0.269 0.804 (0.645-1.004) 0.053 0.900 (0.715-1.132) | 0.368
Gender

Male

Female 0.986 (0.747—-1.302) 0.922 0917 (0.713-1.181) 0.501
ASA score

1-2

3 1.358 (0.988-1.867) 0.058 1.179 (0.872-1.595) 0.281
ECOG

0

1-3 1.435 (1.098-1.874) 0.008 1.393 (1.057-1.836) | 0.019 1.489 (1.172-1.893) 0.001 1.422 (1.111-1.820) | 0.005
Comorbidities

No

Yes 1.272 (0.988-1.638) 0.061 1.164 (0.893-1.516) | 0.261 1.249 (0.994-1.569) 0.054 1.108 (0.873-1.406) | 0.398
Location

Upper |

Middle 0.772 (0.518-1.151) 0.204 0.823 (0.547-1.239) | 0.350 0.784 (0.549-1.120) 0.181 0.819 (0.568-1.180) | 0.283

Lower 0.819 (0.620-1.083) 0.161 0.867 (0.650—-1.155) | 0.329 0.838 (0.652—1.076) 0.165 0.891 (0.687—1.154) | 0.381

Diffuse 3.292 (2.084-5.199) <0.001 2.086 (1.241-3.506) | 0.006 2.565 (1.652-3.983) <0.001 1.474 (0.906-2.400) | 0.118
Diameter (cm)

<5 |

>5 2.277 (1.682-3.083) <0.001 1.285 (0.900-1.834) | 0.168 2.327 (1.769-3.061) <0.001 1.520 (1.109-2.084) | 0.009
Postoperative
complications

Grade <3 |

Grade 3/4 1.64 (1.212-2.234) 0.001 1.510 (1.090-2.091) | 0.013 1.480 (1.110-1.974) 0.007 1.359 (1.002-1.843) | 0.049
Differentiation

Well-moderate |

Poor 1.474 (1.157-1.877) 0.002 1.405 (1.094-1.803) | 0.008 1.434 (1.153-1.783) 0.001 1.375 (1.099-1.721) | 0.005
Lymphovascular
invasion

No |

Yes 1.830 (1.428-2.345) <0.001 1.861 (1.489-2.327) <0.001
porypT

T0 |

TI 1.045 (0.234-4.670) 0.954 1.301 (0.311-5.444) 0719

T2 1.820 (0.551-6.015) 0.326 2.245 (0.686-7.345) 0.181

T3 2.341 (0.734-7.470) 0.151 3.227 (1.018-10.230) | 0.047

T4 4.651 (1.485-14.565) | 0.008 6.022 (1.926-18.826) | 0.002

(Continued)
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Table 2 (Continued).
Variables oS PFS
Univariate Multivariate Univariate Multivariate
Hazard Ratio* P-value | Hazard Ratio* P-value | Hazard Ratio* P-value | Hazard Ratio* P-value
p or ypN
NO |
NI 1.472 (0.950-2.278) 0.083 1.637 (1.117-2.398) 0.011
N2 2.853 (1.905-4.272) <0.001 2.662 (1.850-3.831) <0.001
N3 4.171 (2.881-6.039) <0.001 4.150 (2.981-5.776) <0.001
p or yp Stage
pCR |
| 0.837 (0.226-3.091) 0.789 0.981 (0.263-3.659) | 0.977 1.049 (0.293-3.762) 0.941 1.206 (0.334—4.360) | 0.775
Il 1.481 (0.463—4.743) 0.508 1.746 (0.540-5.642) | 0.352 2.051 (0.646-6.518) 0.223 2.320 (0.725-7.426) | 0.156
n 3.865 (1.236-12.090) | 0.020 4.021 0.018 4.987 (1.597-15.575) | 0.006 5.136 0.005
(1.272-12.714) (1.630-16.179)
Resection type
Subtotal |
Total 1.858 (1.458-2.369) <0.001 1.689 (1.357-2.103) <0.001
Regimen
Pt+F |
T/Iri+F 1.810 (1.158-2.829) 0.008 1.961 (1.233-3.120) | 0.004 1.710 (1.127-2.593) 0.010 1.892 (1.232-2.908) | 0.004
Adverse events
Grade <l |
Grade I/IV 1.278 (0.961-1.699) 0.089 1.279 (0.956-1.711) | 0.097 1.285 (0.994-1.661) 0.054 1.316 (1.013-1.708) | 0.040
NACT
No
Yes 1.163 (0.913-1.481) 0.219 0.998 (0.802-1.242) 0.984
Cycles of
chemotherapy
<6 1.443 (1.132-1.839) 0.003 1.335 (1.040-1.713) | 0.023 1.318 (1.058-1.642) 0.013 1.201 (0.958-1.505) | 0.113
26 |
Cycles (continuous) 0.908 (0.857-0.962) 0.001 0.931 (0.883-0.981) 0.007
Time to AC (days)
<42 |
>42 1.294 (1.005-1.665) 0.044 1.144 (0.875-1.497) | 0.325 1.193 (0.948-1.500) 0.130 1.099 (0.862—1.402) | 0.445
Time to AC 1.007 (1.000-1.014) 0.059 1.006 (0.999-1.013) 0.072
(continuous)

Notes: Values in parentheses are 95% confidence intervals.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; ECOG, Eastern Cooperative Oncology Group; PFS, progression-free survival; OS,

overall survival; NACT, neoadjuvant chemotherapy.

Discussion

Although the role of chemotherapy remains controversial in

resectable GC, its benefit has been demonstrated in several

large clinical trials.' Cirera et al*° provided the first evidence

of the positive effects of adjuvant chemotherapy for GC
patients. In 2006, the MAGIC trial provided the first evi-
dence of the promising effects of PEC in improving survival

rates of patients with resectable adenocarcinoma of the

esophagus or GEJ.> While these treatment modalities may

serve different purposes, one of their primary common objec-

tives is to eliminate subclinical micrometastasis and prevent

recurrence.”'*? Both the duration and the timing of che-

motherapy initiation are important. Currently, the “optimal”

initiation time and duration of chemotherapy are based on the

protocols used in clinical trials; to date, neither of these

standards have been systematically studied.
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Table 3 Multivariate Cox Hazards Regression Model for the Predictable Risk of OS and PFS in Different Covariates Inclusion in

Whole Patients

Whole Patients (n=817)
Covariates os PFS
HR P-value HR P-value
Model |
Cycles<6 1.335 (1.040-1.713) 0.023 1.201 (0.958-1.505) 0.113
TAC>42 1.144 (0.875-1.497) 0.325 1.099 (0.862-1.402) 0.445
Model 2
Cycles (continuous) 0.930 (0.878-0.985) 0.014 0.959 (0.910-1.011) 0.117
TAC (continuous) 1.004 (0.996—1.012) 0.324 1.005 (0.998-1.013) 0.185

Notes: Model I: Adjusted for BMI, ECOG, comorbidities, location, diameter, differentiation, p/ypTNM stage, postoperative complications, adverse events, regimen. Model
2: Adjusted for variables in model but cycles and TAC are entered into Cox regression as continuous models.

Table 4 Multivariate Cox Hazards Regression Model for the Predictable Risk of OS and PFS in Different Covariate Inclusion in POC

Patients
POC Patients (n=443)
Covariates oS PFS
HR P-value HR P-value
Model 3
Cycles<6 1.372 (0.957-1.967) 0.085 1.234 (0.903-1.686) 0.187
TAC>42 1.415 (0.964-2.077) 0.076 1.279 (0.910-1.796) 0.156
Model 4
Cycles (continuous) 0.904 (0.836-0.977) 0.011 0.942 (0.880-1.008) 0.086
TAC (continuous) 1.008 (0.999-1.018) 0.094 1.009 (1.000-1.018) 0.055

Notes: Covariate included in Model 3—4 are corresponding to Model 1-2, respectively, while the patients were limited to PEC only.

In the present study, we used stringent inclusion/exclu-
sion criteria to extract data from the retrospective database
at our center. Patients received either perioperative or
postoperative chemotherapy alone, but the eligible regi-
mens were restricted to dual drug regimens that were 5-Fu
based. The 5-Fu based doublet treatment, eg, with
a oxaliplatin cisplatin or paclitaxel analog, has demon-
strated some survival benefit for patients with resectable
GC or GEJ, and is widely adopted across China.>* %
Although 5-Fu has been the backbone of treatment for
LAGC for decades, the toxicity, tolerance, completion
rate, and prognosis differ among mono, dual, and triplet
therapies.”*?’ Currently, 5-Fu based combinations are
widely adopted for advanced gastric cancer in Asia and
recently in European countries. The evidence is based on
the results in several prospective studies that a longer
survival is observed in the doublet group compared with
S-1 alone in AGC or end-staged patients.”**° Doublet
therapy, contrarily, could lead to higher incidence of

adverse events and may require dose reduction. In the
SPIRITS trial, more grade 3-4 adverse events were
observed in patients assigned to S-1 plus cisplatin than
among those assigned to S-1 alone.*® Controlling for these
basic factors allowed us to further study the optimal timing
and duration of chemotherapy. According to our results,
more than six cycles of chemotherapy and the initiation of
chemotherapy before 6 weeks were associated with greater
survival in patients who received either perioperative or
postoperative chemotherapy. However, the results revealed
differing sensitivity to initiation time between periopera-
tive and postoperative chemotherapy. Specifically, only
patients who did not receive preoperative chemotherapy
were likely to be susceptible to the time of adjuvant
chemotherapy initiation, while all patients exhibited survi-
val advantages with an increasing number of cycles of
chemotherapy. The multivariate results were interpreted
with the help of nonlinear tests and spline models to

avoid data-driven categorization.®!
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Table 5 Multivariate Cox Hazards Regression Model for the Predictable Risk of OS and PFS in Different Covariate Inclusion in PEC

Patients
PEC Patients (n=374)
Covariates oS PFS
HR P-value HR P-value
Model 5
Cycles<6 1.567 (1.077-2.282) 0.019 1.328 (0.929-1.900) 0.120
TAC>42 0.916 (0.618-1.359) 0.664 0.926 (0.643—1.334) 0.681
Model 6
Cycles (continuous) 0.887 (0.798-0.986) 0.026 0.927 (0.838-1.025) 0.140
TAC (continuous) 0.998 (0.983-1.012) 0.760 0.998 (0.984-1.012) 0.757

Notes: Covariate included in Model 5-6 are corresponding to Model 1-2, respectively, while the patients were limited to POC only.

Although many studies have examined the impact of

10-12 .
%12 there are lim-

timing of chemotherapy after gastrectomy,
ited studies of patients who have received PEC."* To our
knowledge, this is the first study that has attempted to evaluate
the intrinsic similarities and differences between these treat-
ment modalities. Previous studies have given much attention
to the survival benefit of early initiation of TAC in patients
who received gastrectomy directly after diagnosis.**?
However, as preoperative treatment is increasingly utilized
and has been included in the NCCN guidelines for years,** the
evidence acquired in relation to POC should be cautiously
applied to PEC. In preoperative treatment, there is theoreti-
cally less tumor burden and micrometastatic foci outside the
surgical field after radical surgery. Thus, the window of post-
operative chemotherapy might be widened in PEC patients.
Brenkman et al'? first examined the effect of timing of che-

motherapy among PEC patients with GC and found no

A

Log OS hazard ratio (unadjusted)

7 8 $ 10

3 i 5 s
Number of cycles

improvement in the early initiation group (<6 weeks). In our
study, to elucidate the relationship with prognosis, TAC was
entered into the spline Cox model as a continuous variable.
The linear trend observed between the log HR and TAC was
of borderline significance (P=0.094 in OS and P=0.055 in
PFS). Similar to Brenkman et al, the relationships between
TAC and survival outcomes in the POC group were out-of-
order. The results confirmed our “widened window” hypoth-
esis, indicating that PEC patients are more tolerant of a long
waiting period before chemotherapy initiation and could ben-
efit from the additional time to recover physically after sur-
gery or related complications.*

There is no defined standard stipulating the number of
cycles of POC or PEC that confer maximum survival benefit
or cost-effectiveness. The recommended duration is based on
the protocols of previous clinical trials, and is commonly cited
as six cycles or more.”>®>® Rather than simply focusing on

B.

Log PFS hazard ratio (unadjusted)

7 8 9 10

" Number of cycles

Figure 4 (A) and (B) Restricted cubic spline functions for the unadjusted relationship between duration (cycles) and OS or PFS. Y-axis demonstrates the unadjusted log
hazard of mortality. The greyed ribbon area reflects bounds of the 95% CI. P-values were for non-linear Wald test. Dashed line indicates the relative HR at the cycles of six.
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Table 6 Comparison of Treatment-Related Adverse Events

Between the Completion and Incompletion Groups

Adverse Events Duration <6 Duration >6 P-valuef
Cycles (n=315) | Cycles (n=502)
Leucopenia
Total 168 (53.33) 331 (66.07) <0.001
Grade | 87 (27.62) 151 (30.14)
Grade 2 57 (18.10) 134 (26.75)
Grade 34 24 (7.62) 46 (9.18)
Anemia
Total 81 (25.71) 147 (29.34) 0.306
Grade | 62 (19.68) 109 (21.76)
Grade 2 15 (4.76) 34 (6.79)
Grade 34 4(1.27) 4 (0.80)
Thrombocytopenia
Total 31 (9.84) 102 (20.36) <0.001
Grade | 16 (5.08) 52 (10.38)
Grade 2 10 (3.17) 34 (6.79)
Grade 34 5(1.59) 16 (3.19)
Hepatotoxicity
Total 106 (33.65) 236 (47.11) <0.001
Grade | 87 (27.62) 189 (37.72)
Grade 2 16 (5.08) 44 (8.78)
Grade 34 3 (0.95) 3 (0.60)
Nausea/Vomiting
Total 181 (57.46) 297 (59.28) 0.571
Grade | 121 (38.41) 214 (42.71)
Grade 2 36 (11.43) 59 (11.78)
Grade 34 34 (7.62) 24 (4.79)
Diarrhea
Total 61 (19.37) 143 (28.54) 0.057
Grade | 40 (12.70) 108 (21.56)
Grade 2 14 (4.44) 26 (5.19)
Grade 34 7(222) 9 (1.80)
Neurotoxicity
Total 100 (31.75) 265 (52.89) <0.001
Grade | 85 (26.98) 215 (42.91)
Grade 2 14 (4.44) 42 (8.38)
Grade 34 1 (0.32) 8 (1.60)
Skin reaction
Total 77 (24.44) 208 (41.52) <0.001
Grade | 61 (19.37) 156 (31.14)
Grade 2 16 (5.08) 49 (9.78)
Grade 34 0 (0.00) 3 (0.60)
Fatigue
Total 107 (33.97) 214 (42.61) 0.028
Grade | 85 (26.98) 170 (33.93)
Grade 2 19 (6.03) 39 (7.78)
Grade 34 3 (0.95) 5 (1.00)

Notes: T? test for linear trend applied across ordered categories.

whether or not the chemotherapy protocol was completed,
several retrospective studies have investigated patient survival
benefits in relation to the accumulation of POC cycles.”'*’
Xiao et al’ examined a cohort of 1,288 patients who were
stratified into five groups according to the number of post-
operative cycles they received. The results indicated that
patients who received six-to-seven cycles had similar cancer-
specific survival to those who received eight cycles or more.
As for PEC, there are few similar studies. In the MRC OEQ05
trial, patients who received two cycles of CF preoperative
chemotherapy showed comparable survival outcomes to
patients who received four cycles of ECX, but this study did
not examine POC.*® Moreover, in spite of the proven benefit
of PEC, there is still debate as to the role of POC.* In the
MIROX trial of colorectal cancer, patients who received PEC
had comparable survival outcomes to those who received
POC; all patients received a total of 12 cycles of chemother-
apy treatment.*” In the current study, to elucidate the number
of cycles and prognostic outcomes, patients with PEC and
POC were separately analyzed using multivariate models. The
number of cycles showed a statistical trend in both groups
(OS: P=0.009 in POC, P=0.036 in PEC). Although this does
not mean that the accumulation of cycles influences patient
survival in the same way, this result indicates that both PEC
and POC should be susceptible to increased numbers of
chemotherapy cycles.

Utilizing the nonlinear regression technique, we found
a nonlinear relationship between the number of cycles and
log HR in the univariate Cox model. Although the down-
ward trend towards survival risk was sharp before the first
five cycles, it turned smooth afterward and gradually mini-
mized when the number of cycles reached six. This is
partially in accordance with previous retrospective studies
of the benefit of
chemotherapy.'**' Although Cox regression did not fit

survival shorter-term use of
the nonlinear hypothesis, in further analysis after adjust-
ment for covariates, we suggest that the multivariate
model only reflects an ideal circumstance when all
patients’ clinical conditions are thought to be equal.
Because of the poor chemotherapy completion rate
reported in previous studies, the real-world is mixtures in
which the situation is always more complicated.® It is
reasonable to assume that patients with a longer duration
of chemotherapy may have potentially longer OS and PFS,
but the improvement rate in tumor response and the
patient’s quality-of-life may reduce as dosage and toxicity
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accumulate. In our result the cumulation of cycles strongly
correlated with incidence of higher grade of leucopenia
(r=0.574, P<0.001, data not shown); this may lower the
cost-effectiveness for patients and their families.”*'~*
Our result demonstrates a potentially small survival benefit
of more than six cycles of chemotherapy in patients with
PEC and POC; this warrants further investigations.

Our study has several limitations. First, this was
aretrospective study conducted in a single center and reasons
for delaying or quitting chemotherapy were not systemati-
cally recorded. Second, we arbitrarily merged PEC and POC
as a whole group in some of the analysis; there is no clinical
evidence to support this approach. Third, although the 8th
ypTNM staging system was consistent with patients who
underwent NACT, the degree of prognosis at each stage
may vary from that of the traditional pTNM stage.'®4>4¢
Fourth, treatment after recurrence was not specified in the
present study that might become a confounder for patients
OS. Though PFS rate is significantly higher in patients with
earlier initiation plus longer duration in our initial analysis, it
fails to show a significant difference when tested separately.
Lastly, despite detailed records of adverse events, dose reduc-
tions are not reflected in this study, which is another crucial
factor in patient prognosis. In fact, we do find the difference
in completion rate between PEC and POC patients (70.78%
vs 53.50%, P<0.001). We value this result as it might indi-
cate: 1) Since so many studies suggested improved survival
outcome in patients with sufficient duration, a higher com-
pletion rate in PEC might shed light on the benefit of NACT
and a need to investigate the optimal modality for periopera-
tive chemotherapy;*’ 2) There is a potential advantage in
patients with PEC who are more likely to receive minimal
invasive procedure which results in lower overall complica-
tions and hospital stay that might be benefit from early
chemotherapy (though in the current study the TAC is not
a matter in PEC).*® However, restricted by the current topic,
these questions are to be discussed in our further study.
Nevertheless, as this study is the first, to our knowledge, to
illustrate the optimal timing as well as duration of chemother-
apy in both perioperative and postoperative settings, some of
this information may only be of limited importance.

In conclusion, our analysis indicated that six or more
cycles of PEC or POC alone produced a marginal and
significant benefit on OS, respectively. An increasing
trend in the HR for survival risk was found for TAC in
patients with POC, while a decreasing trend was found in
the number of cycles among the whole sample of patients.
Patients who received six cycles of PEC or POC tended to

have maximum survival outcomes. A prospective design is
warranted to confirm our findings.
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