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Abstract

Introduction: It is not known whether adjuvant chemotherapy duration is
non-linearly associated with postoperative mortality risk. This study was
designed to examine this relationship in Chinese patients with colorectal
cancer.

Material and methods: This cohort study was conducted in 1171 partici-
pants with stage Ill and high-risk stage Il colorectal cancer, who were treated
in China between July 1, 2011, and September 1, 2018. The target inde-
pendent variable was adjuvant chemotherapy duration, and the dependent
variable was postoperative death.

Results: After adjusting for confounding factors, an increase in adjuvant
chemotherapy duration was negatively correlated with the risk of post-
operative death (hazard ratio (HR) = 0.95, 95% confidence interval (Cl):
0.90-0.99). However, a non-linear relationship between therapy duration
and postoperative death was observed in the group with bolus and infused
fluorouracil with oxaliplatin (FOLFOX). In this group, the incidence of death
decreased only when chemotherapy duration was more than 14 weeks (HR =
0.78, 95% Cl: 0.63-0.97). A stronger association between adjuvant chemo-
therapy duration and postoperative death was detected in the capecitabine
and oxaliplatin (CAPOX) group (HR = 0.71, 95% Cl: 0.55-0.94) compared
with the FOLFOX group (HR = 0.96, 95% Cl: 0.92-1.01).

Conclusions: The duration of adjuvant chemotherapy with the FOLFOX reg-
imen is associated with a non-linear reduction in postoperative deaths,
which is only apparent after at least 14 weeks of treatment. However, pa-
tients with colorectal cancer may receive CAPOX adjuvant treatment for
a longer duration.

Key words: adjuvant chemotherapy duration, colorectal neoplasmes,
antineoplastic combined chemotherapy protocol, FOLFOX, CAPOX.

Introduction

Colorectal cancer is one of the five commonest causes of cancer deaths
worldwide [1], and it is one of the major malignant tumours threatening
health in China [2]. For several decades, the standard adjuvant treatment
in patients diagnosed with stage Il and high-risk stage Il colorectal can-
cer has been a 6-month chemotherapy regimen with fluoropyrimidine
and oxaliplatin [3, 4]. The relationship between adjuvant chemotherapy
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duration and postoperative death is controver-
sial [5]. Previous studies have shown that adju-
vant chemotherapy consisting of 8 cycles or more
is associated with a higher rate of survival [6].
However, a recent pooled analysis by the Interna-
tional Duration Evaluation of Adjuvant Therapy
(IDEA) collaboration [7] shows that, in patients
with stage Il colon cancer, a shorter duration
(3 months) of chemotherapy with capecitabine
and oxaliplatin is as effective as treatment for
6 months. Due to differences in design, target pop-
ulation, chemotherapy regimen, and data analysis
of the studies included in this analysis, additional
studies are warranted. Thus, we were prompted to
explore whether adjuvant chemotherapy duration
is non-linearly associated with postoperative mor-
tality and to identify the appropriate threshold of
duration in a real-world study.

Material and methods
Study design

A retrospective cohort study was performed
to assess the relationship between adjuvant
chemotherapy duration and postoperative death.
The target independent variable was adjuvant
chemotherapy duration (continuous variable). The
dependent variable was postoperative death (di-
chotomous variable: 1 = death; 0 = survival).

Patients with colorectal cancer
between July 1, 2011 and
September 1, 2018 (n = 2476)

Y

Postoperative cases with
stage lll and high-risk stage Il
disease (n = 1487)

Exclusion:

1. Acceptance of neoadjuvant
treatment before radical
surgery (n = 306)

2. Severe organ dysfunctions
or Karnofsky performance
score < 70 (n=3)

3. Unknown chemotherapy
regimens (n = 7)

A

Y
Patients enrolled for analysis
(n=1171)

Figure 1. Flow chart of enrolment. A total of 2476
patients were diagnosed with colorectal cancer at
our hospital between July 1, 2011, and September
1, 2018. Of these, 1487 patients had stage Ill or
high-risk stage Il disease and were treated with
radical surgery. When cases with neoadjuvant
treatment (n = 306), severe co-morbidity (n = 3),
and unclear chemotherapy regimen (n = 7) were
excluded, 1171 patients were deemed eligible for
analysis

Study population

Data on participants with stage Ill and high-risk
stage |l colorectal cancer were non-selectively col-
lected from the electronic medical records system of
the Department of Abdominal Oncology, the Cancer
Hospital of Guizhou Medical University, Guiyang,
China. In order to safeguard patient privacy, iden-
tifiable participant data were not included. Because
this was a retrospective cohort study, informed con-
sent from participants was not required. The hospi-
tal’s Ethics Review Committee approved the study.

Figure 1 shows the flow chart for enrolment.
A total of 1171 participants who were treated at
our hospital between July 1, 2011, and Septem-
ber 1, 2018 were enrolled. The inclusion criteria
for this study were as follows: (1) a pathologically
confirmed diagnosis of colonic or rectal adenocar-
cinoma, graded as either high-risk stage Il disease
(defined as tumour obstruction with or without
tumour perforation preoperatively, poor differen-
tiation, fewer than 12 lymph nodes detected, per-
ineural infiltration, invasion of extramural venous
or lymphatic vascular, or T4 disease) or stage I
disease, (2) no neoadjuvant treatment, and (3) ini-
tial treatment by radical surgery. Exclusion criteria
included: (1) unknown chemotherapy regimen,
(2) severe heart, lung, liver, or kidney dysfunction
unsuitable for adjuvant chemotherapy, and (3)
a Karnofsky performance score (a measure of can-
cer patients’ general well-being) of < 70.

Variables

Adjuvant chemotherapy duration, defined as
the time between the first cycle of chemotherapy
initiated and the last cycle of chemotherapy ac-
complished, was measured as a continuous varia-
ble. The final outcome variable was postoperative
death, which was dichotomous.

We listed in detail the covariates used in this
study. Demographic factors were included as po-
tential confounders, along with variables high-
lighted by previous studies examining factors
associated with postoperative death or deemed
important from our own clinical experience.

The final multivariable-adjusted models in-
cluded age and pre-surgery levels of carcinoma
antigen 19-9 (CA 19-9), carcinoembryonic antigen
(CEA), prealbumin, prognosis nutritional index
(PNI; serum albumin + 5 x lymphocyte count), and
the neutrophil-to-lymphocyte ratio (NLR) as con-
tinuous variables and gender, T stage, N stage, tu-
mour differentiation, and chemotherapy regimen
as categorical variables.

Treatment protocol

All participants had previously undergone rad-
ical surgery, which, for patients with rectal can-
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cer, consisted of total mesorectal excision. Based
on published randomised controlled studies and
the US National Comprehensive Cancer Network
guidelines, the adjuvant chemotherapy regimens
consisted of a combination of oxaliplatin and
fluoropyrimidine. In the capecitabine and oxalipla-
tin (CAPOX) regimen, oxaliplatin was given every 3
weeks at a dose of 130 mg/m? of body-surface area,
and capecitabine was given twice daily for the first
2 weeks of every 3-week period. In the bolus and
infused fluorouracil with oxaliplatin (FOLFOX) regi-
men, oxaliplatin was given every 2 weeks at a dose
of 85 mg/m2. In addition, a 46-h infusion of fluoro-
uracil was administered every 2 weeks [8-10].

Follow-up procedure

Participants were followed up through out-
patient visits once every 3 months for the first
2 years, every 6 months for the next 3 years, and
annually thereafter. Each follow-up visit included
a complete physical examination and thoraco-ab-
dominal and pelvic computed tomography scans.
Serum levels of CEA and CA 19-9 were also assessed.
Rectoscopy was carried out on an annual basis. The
follow-up time began from the first clinical visit and
continued until death occurred or until the last date
of follow-up on June 1, 2019. Follow-up data were
stored in the Cancer Hospital of Guizhou Medical
University’s electronic medical records system and
were managed by the second author.

Statistical analysis

Continuous variables were expressed as mean
+ standard deviation and median (minimum, max-
imum) and categorical variables as a frequency or
percentage. Student’s t-test (normal distribution),
2 test (categorical variables), or the Mann-Whitney
U test (skewed distribution) were applied to investi-
gate differences in clinicopathological characteristics
between tertiles of chemotherapy duration. Uni-
variate and multivariate Cox proportional hazards
models were employed to assess variables that may
be associated with mortality. Three models were
established: (1) unadjusted, (2) adjusted for gen-
der, age, T stage, and N stage, and (3) adjusted for
all the covariates presented in Table I. The Cox pro-
portional hazards regression model with cubic spline
functions and smooth curve fitting was adopted to
address a non-linear relationship between adjuvant
chemotherapy duration and postoperative death. If
non-linearity was detected, the inflection point was
calculated from a recursive algorithm, after which
a 2 piecewise Cox proportional hazards model was
established on either side of it. Ultimately, the most
suitable model for fitting the association between
the target independent variable and the outcome
variable was determined by a log likelihood ratio

a retrospective cohort study

test. Stratified Cox proportional hazards models were
used to conduct subgroup analyses. After converting
the target independent variable to a categorical var-
iable by tertile, an interaction test was performed.
Exploration of effect modification for these subgroup
indicators was followed by a likelihood ratio test.

Addressing missing data and sensitivity
analysis

Where covariate records were incomplete,
dummy variables were used to indicate missing
values. For each covariate, we assigned a missing
record of 0 and additionally created a dummy var-
iable (0 = not missing, 1 = missing). Both variables
were included in the model at the same time (Y =
aX1 + b x dummy variable).

We conducted a series of sensitivity analyses to
guarantee the robustness of the data analysis. First,
the adjuvant chemotherapy duration was converted
into a categorical variable. The p-value for the trend
was then calculated, in order to verify adjuvant
chemotherapy duration as a continuous variable
and observe the possibility of non-linearity. Second,
due to the limitations of the Cox proportional haz-
ards model in addressing non-linearity, a generalised
additive model was used to adjust covariates; effect
size was then compared with a fully adjusted model.

All data analysis was performed with the statis-
tical software packages R (http://www.R-project.
org, The R Foundation) and EmpowerStats (http://
www.empowerstats.com, X&Y Solutions, Inc., Bos-
ton, MA, SUA). P-values < 0.05 (2-sided) were con-
sidered statistically significant.

Results

Baseline characteristics of enrolled
participants

A total of 1171 participants were enrolled into
the final data analysis after screening (Figure 1).
During follow-up, 118 deaths were observed
(118/1171 = 10.08%). Table | describes the base-
line clinicopathological characteristics of enrolled
patients across the tertiles of chemotherapy dura-
tion. With the exception of age, CEA, prealbumin,
PNI, NLR, and chemotherapy regimen, no statisti-
cally significant differences were found between
the groups for any of these measures. Compared
to participants in the lower tertiles, participants in
tertile 3 had higher prealbumin and PNI but were
younger and had a lower CEA and NLR.

Univariate analysis

Table Il shows the results of the univariate
analysis. Using the univariate Cox proportion-
al hazards model, gender, CA 19-9, T stage, and
chemotherapy regimen were not associated with
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Table I. Characteristics of the study participants according to the duration of chemotherapy

Characteristics Duration of chemotherapy P-value
Tertile 1 Tertile 2 Tertile 3
(< 8 weeks) (8-16 weeks) (> 16 weeks)
No. of participants 376 283 512
Age [years], mean (SD), 65.64 (13.08), 56.18 (13.05), 55.35(11.73), < 0.001
median (min.— max.) 67.00 (15.00-9.00) 59.00 (18.00-79.00) 56.00 (21.00-81.00)
Gender: 0.109
Male 221 (58.78%) 162 (57.24%) 328 (64.06%)
Female 155 (41.22%) 121 (42.76%) 184 (35.94%)
T stage: 0.309
1-2 23 (6.12%) 15 (5.30%) 20 (3.91%)
3-4 353 (93.88%) 268 (94.70%) 492 (96.09%)
N stage: 0.642
0 183 (48.67%) 125 (44.17%) 253 (49.41%)
1 135 (35.90%) 113 (39.93%) 178 (34.77%)
2 58 (15.43%) 45 (15.90%) 81 (15.82%)
Differentiation: 0.571
Poorly 25 (6.67%) 22 (7.77%) 44 (8.59%)
Moderate to high 350 (93.33%) 261 (92.23%) 468 (91.41%)
CA199 [U/ml], mean (SD), 49.99 (467.84), 22.06 (47.48), 22.71 (49.13), 0.264
median (min.— max.) 12.14 (0.01-9028.00) 9.61 (0.60-517.93) 10.25 (0.00-700.00)
CEA [U/ml], mean (SD), 9.53 (19.45), 2.79 9.38 (17.35), 2.67 7.50 (16.43), 0.008
median (min.— max.) (0.02-174.87) (0.01-100.00) 2.30 (0.00-159.70)
Prealbumin [mg/l], mean 189.43 (61.60), 200.65 (62.75), 205.61 (59.96), < 0.001
(SD), median (min.—max.)  192.60 (42.14-396.50) 200.38 (24.84-446.00) 206.55 (19.60-454.00)
PNI, mean (SD), 47.23 (6.68), 48.89 (5.94), 49.01 (6.85), < 0.001
median (min.—max.) 47.63 (25.40-67.30) 48.65 (27.20-68.20) 48.90 (23.50-133.60)
NLR, mean (SD), 4.16 (11.40), 3.38 (3.61), 3.36 (3.59), 0.027
median (min.—max.) 2.60 (0.74-214.20) 2.36 (0.72-35.46) 2.29 (0.32-33.00)
Chemotherapy regimen: 0.022

FOLFOX 81 (80.20%)

251 (88.69%) 418 (81.64%)

CAPOX 20 (19.80%)

32 (11.31%) 94 (18.36%)

CA — carcinoma antigen, CEA — carcinoembryonic antigen, PNI — prognostic nutritional index, NLR — neutrophil lymphocyte ratio, FOLFOX
- fluorouracil, leucovorin, and oxaliplatin, CAPOX — capecitabine and oxaliplatin.

postoperative death. Compared to reference val-
ues, chemotherapy duration (hazard ratio (HR) =
0.90, 95% confidence interval (Cl): 0.87-0.93), lev-
els of prealbumin (HR = 1.00, 95% Cl: 0.99-1.00)
and PNI (HR = 0.95, 95% Cl: 0.92-0.97), and mod-
erate to high differentiation (HR = 0.49, 95% Cl:
0.30-0.81) were negatively associated with post-
operative death. However, age (HR = 1.02, 95% ClI:
1.01-1.04), levels of CEA (HR = 1.01, 95% Cl:
1.01-1.02), NLR (HR = 1.01, 95% Cl: 1.00-1.02),
N1 stage (HR = 2.04, 95% Cl: 1.26-3.29), and N2
stage (HR = 5.55, 95% Cl: 3.45-8.90) were all pos-
itively correlated with postoperative death.

Results of unadjusted and adjusted Cox
proportional hazards models

Three models were employed to determine
whether there is an independent association
between adjuvant chemotherapy duration and
postoperative death (Table Ill). In the unadjusted
model, the HR indicated the difference in adju-
vant chemotherapy duration associated with an
increased risk of postoperative death. Thus, the HR
of 0.9 (95% Cl: 0.87-0.93) estimated by this mod-
el indicated that each additional week of chemo-
therapy was associated with a 10% decrease in
mortality. Meanwhile, in the minimally adjusted
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Table Il. Results of univariate analysis

Variables Mean £ SD/n (%) Postoperative death
HR (95% Cl), P-value
0.90 (0.87, 0.93), < 0.0001

Duration of chemotherapy [week] 8.94 +7.29

Tertile of duration of chemotherapy [week]:

Tertile 1 376 (32.11%) 1.0
Tertile 2 283 (24.17%) 0.41 (0.26, 0.65), 0.0001
Tertile 3 512 (43.72%) 0.21 (0.13, 0.33), < 0.0001
Gender:
Male 711 (60.72%) 1.0
Female 460 (39.28%) 1.32 (0.92, 1.89), 0.1364
Age 58.86 +13.34 1.02 (1.01, 1.04), 0.0011
Age tertile:
Low 390 (33.30%) 1.0
Middle 390 (33.30%) 1.15 (0.70, 1.89), 0.5699
High 391 (33.39%) 2.13(1.37, 3.33), 0.0009
T stage:
1-2 58 (4.95%) 1.0
3-4 1113 (95.05%) 1.29 (0.53, 3.17),0.5747
N stage:
0 561 (47.91%) 1.0
1 426 (36.38%) 2.04 (1.26, 3.29), 0.0036
2 184 (15.71%) 5.55 (3.45, 8.90), < 0.0001

Differentiation:

Poorly

91 (7.78%)

1.0

Moderate to high

1079 (92.22%)

0.49 (0.30, 0.81), 0.0052

CEA 8.60 £17.68 1.01 (1.01, 1.02), < 0.0001
CEA tertile:
Low 388 (33.16%) 1.0
Middle 392 (33.50%) 1.19 (0.74, 1.90), 0.4783
High 390 (33.33%) 1.63 (1.05, 2.54), 0.0312
CA199 31.36 +268.84 1.00 (1.00, 1.00), 0.6799

CA199 tertile:

Low 388 (33.30%) 1.0
Middle 388 (33.30%) 1.02 (0.62, 1.69), 0.9312
High 389 (33.39%) 2.03 (1.31, 3.16), 0.0016

Chemotherapy regimen:

FOLFOX 750 (83.71%) 1.0
CAPOX 146 (16.29%) 0.78 (0.37, 1.63), 0.5064
Prealbumin 199.22 +61.52 1.00 (0.99, 1.00), 0.0018

Prealbumin tertile:

Low 390 (33.30%) 1.0
Middle 386 (32.96%) 0.57 (0.37, 0.88), 0.0106
High 395 (33.73%) 0.52 (0.34, 0.81), 0.0038
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Table II. Cont.
Variables Mean * SD/n (%) Postoperative death
HR (95% Cl), P-value
PNI 48.41 £6.63 0.95 (0.92, 0.97), 0.0001
PNI tertile:
Low 390 (33.30%) 1.0
Middle 390 (33.30%) 0.87 (0.58, 1.29), 0.4808
High 391 (33.39%) 0.45 (0.27, 0.74), 0.0016
NLR 3.62 +7.11 1.01 (1.00, 1.02), 0.0083
NLR tertile:
Low 389 (33.22%) 1.0
Middle 390 (33.30%) 0.93 (0.58, 1.49), 0.7636
High 392 (33.48%) 1.33 (0.86, 2.05), 0.1968

HR — hazard ratio, Cl — confidence interval, CA — carcinoma antigen, CEA — carcinoembryonic antigen, PNI — prognostic nutritional index,
NLR — neutrophil lymphocyte ratio, FOLFOX — fluorouracil, leucovorin, and oxaliplatin, CAPOX — capecitabine and oxaliplatin.

model, an increase in adjuvant chemotherapy du-
ration of 1 week resulted in a 9% decrease in mor-
tality (HR = 0.91, 95% Cl: 0.88-0.94). In the fully
adjusted model, each additional week of chemo-
therapy decreased the risk of mortality by 5%
(HR = 0.95, 95% Cl: 0.90-0.99). In order to conduct
a sensitivity analysis, the adjuvant chemotherapy
duration was converted from a continuous variable
into tertiles. In the fully adjusted model, the p-val-
ue for the trend as a categorical variable was con-
sistent, with the result as a continuous variable.
Furthermore, the trend for the effect size among
the tertiles was non-equidistant in this model.

Results of non-linearity of adjuvant
chemotherapy duration and postoperative
death using the FOLFOX regimen

After adjusting for age, CA 19-9, CEA, prealbu-
min, PNI, NLR, gender, T stage, N stage, and dif-
ferentiation, smooth curve analysis and the Cox

Table IlI. Results of multivariable analysis

proportional hazards regression model with cubic
spline functions indicated that the relationship
between adjuvant chemotherapy duration and
postoperative death was non-linear in the FOLFOX
group (Figure 2 and Table IV).

Because the p-value for the log likelihood ra-
tio test was < 0.05 in this group, the 2 piecewise
Cox proportional hazards model was selected as
the best fit for the association between adjuvant
chemotherapy duration and postoperative death.
The inflection point was calculated as 14. On the
right side of the inflection point, the effect value
and 95% Cl were 0.78 and 0.63-0.97, respectively.
On the left side, the effect value and 95% Cl were
1.03 and 0.95-1.11, respectively.

Subgroup analysis

Trends in HRs among different subgroups, strat-
ified by chemotherapy regimen, are shown in Fig-
ure 3. Significant (p < 0.05) interactions between

Variable Non-adjusted Adjust | Adjust Il

HR (95% Cl), P-value HR (95% Cl), P-value HR (95% ClI), P-value
Duration of 0.90 (0.87, 0.93), < 0.0001 0.91 (0.88, 0.94), < 0.0001 0.95 (0.90, 0.99), 0.0126
chemotherapy

Tertile of duration of
chemotherapy [week]:

Tertile 1 1.0 1.0 1.0

Tertile 2 0.41 (0.26, 0.65), 0.0001 0.48 (0.29, 0.79), 0.0039 0.82 (0.38, 1.78), 0.6181

Tertile 3 0.21 (0.13, 0.33), < 0.0001 0.25 (0.15, 0.42), < 0.0001 0.49 (0.23, 1.06), 0.0700
P for trend < 0.00001 < 0.00001 0.03597

Non-adjusted model adjusted for: None. Adjust | adjust for: Gender; Age; N stage; T stage. Adjust Il adjust for: Gender; Age; N stage;
T stage; Differentiation; Prealbumin; CEA; CA199; PNI; NLR; Chemotherapy regimen. HR — hazard ratio, Cl — confidence interval,
CA — carcinoma antigen, CEA — carcinoembryonic antigen, PNI — prognostic nutritional index, NLR — neutrophil lymphocyte ratio.
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different chemotherapy regimens were assessed
(Table V). In this study, a stronger association was
detected in the CAPOX group (HR = 0.71, 95% Cl:
0.55-0.94, p = 0.0144) compared with the FOLFOX
group (HR = 0.96, 95% Cl: 0.92-1.01, p = 0.0934).

Discussion

This retrospective cohort study explored the as-
sociation between adjuvant chemotherapy dura-
tion and postoperative death in Chinese patients
with stage Il and high-risk stage Il colorectal
cancer. Overall, adjuvant chemotherapy duration
was negatively associated with mortality. Age and
levels of CEA, prealbumin, PNI, and NLR differed
significantly with chemotherapy duration. Be-
cause this real-world study was not randomised,
the general condition of the patients enrolled was
inevitably different, and this may have had an ef-
fect on overall survival and chemotherapy dose.
Therefore, the results were adjusted for these con-
founding factors.

Even though there are few data available on
adjuvant chemotherapy for rectal cancer, patients
with rectal cancer were included. Neoadjuvant
chemoradiotherapy is the standard treatment in
the majority of stage Ill rectal cancer patients.
However, many surgeons in China prefer surgical
treatment as the first intervention for patients
with locally advanced colorectal cancer without
cT4b. Therefore, this study included 377 stage
Il rectal cancer patients without neoadjuvant
chemoradiotherapy. Study participants with rectal
cancer had undergone radical surgery consisting
of total mesorectal excision and had not received
any preoperative chemotherapy, in accordance
with the Scleroderma: Cyclophosphamide Or
Transplantation (SCOT) study [11]. The current
study did not reveal different effects of adjuvant
chemotherapy duration between patients with co-
lon or rectal cancer, reflecting the results of the
SCOT study [11]. Therefore, there is no reason to
believe that rectal cancer patients should be treat-
ed differently from the entire population in clinical
practice. The current study included both stage IlI

a retrospective cohort study

Log RR for death

T T T T

0 5 10 15 20
Duration of chemotherapy [week]

Figure 2. The curved line shows the relationship
between adjuvant chemotherapy duration and
mortality risk in the FOLFOX group. After adjusting
for age, CA 19-9, CEA, prealbumin, PNI, NLR, gender,
T stage, N stage, and differentiation, a non-linear
relationship is observed. The area between the
2 dotted lines is expressed as a 95% Cl. Each point
shows the length of adjuvant chemotherapy dura-
tion and is connected to form a continuous line.
Below 14 weeks’ duration, the length of adjuvant
chemotherapy is not correlated with a decrease in
mortality. Conversely, there is a significantly neg-
ative correlation with mortality at durations of
> 14 weeks

and high-risk stage Il patients. The majority of the
stage Il patients enrolled in this study showed mi-
crosatellite stability and presented with the same
high-risk factors as seen in the IDEA study. Both
stage Il and Ill patients benefited from adjuvant
chemotherapy in the current study. Future re-
search should focus on whether the number and
nature of high-risk factors and mutation of the
BRAF gene modify the association between ad-
juvant chemotherapy duration and postoperative
death.

Because previous studies have suggested that
the optimal duration of adjuvant chemotherapy
may vary according to treatment regimen [7,12],
we also conducted a subgroup analysis, stratified
by this factor. This showed that the chemother-
apy regimen modifies the association between
adjuvant chemotherapy duration and postoper-
ative death, because a significantly stronger as-

Table IV. Results of the two-piecewise linear regression model regarding the different chemotherapy regimens

Chemotherapy regimen

FOLFOX CAPOX

HR (95% Cl), P-value

HR (95% Cl), P-value

Inflection point of duration of chemotherapy:

<14

1.03 (0.95, 1.11), 0.4824

0.65 (0.39, 1.09), 0.1035

> 14

0.78 (0.63, 0.97), 0.0250

1.05 (0.47, 2.33),0.9125

P for log likelihood ratio test

0.017 0.464

Adjust for: gender; age; N stage; T stage; differentiation; Prealbumin; CEA; CA199; PNI; NLR. HR — hazard ratio, Cl — confidence interval,
FOLFOX — fluorouracil, leucovorin, and oxaliplatin, CAPOX — capecitabine and oxaliplatin, CA — carcinoma antigen, CEA — carcinoembryonic
antigen, PNI — prognostic nutritional index, NLR — neutrophil lymphocyte ratio.
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Chemotherapy regimen HR 95% Cl P-value
FOLFOX |_H 0.96 0.92-1.01 0.0934
XELOX I = I 0.71 0.55-0.94 00144
T T 1
0.50 071 1.0

Figure 3. Analysis of the association, stratified by chemotherapy regimen, between adjuvant chemotherapy du-
ration and postoperative death in Chinese patients with stage Ill and high-risk stage Il colorectal cancer. This
analysis is adjusted for gender, age, N stage, T stage, differentiation, prealbumin, CEA, CA 19-9, PNI, and NLR. HR

— hazard ratio

Table V. Analysis of interactions between various chemotherapy regimens and duration of adjuvant chemotherapy

Model FOLFOX CAPOX P interaction
HR (95% Cl), P-value HR (95% ClI), P-value

Crude 0.94 (0.90, 0.99), 0.0122 0.85 (0.74, 0.97), 0.0134 0.1111

Model | 0.95 (0.91, 0.99), 0.0283 0.85 (0.75, 0.97), 0.0185 0.1079

Model II 0.96 (0.92, 1.01), 0.0934 0.71 (0.55, 0.94), 0.0144 0.0053

Model | adjusted for: gender; age; N stage; T stage. Model Il adjusted for: gender; age; N stage; T stage; differentiation; Prealbumin; CEA;
CA199; PNI; NLR. HR — hazard ratio, Cl — confidence interval, FOLFOX — fluorouracil, leucovorin, and oxaliplatin, CAPOX — capecitabine and
oxaliplatin, CA — carcinoma antigen, CEA — carcinoembryonic antigen, PNI — prognostic nutritional index, NLR — neutrophil lymphocyte

ratio.

sociation was observed in the CAPOX group com-
pared with the FOLFOX group. In this latter group,
non-linearity assessment suggested that a nega-
tive association was only observed when adjuvant
chemotherapy was used for more than 14 weeks.
This may be due to the threshold effect. These re-
sults are consistent with the findings from previ-
ous studies, which suggest that patients following
the FOLFOX regimen may benefit from adjuvant
chemotherapy lasting more than 3 months [7].
However, some previous findings are inconsist-
ent with the current study. Grothey et al. 7] report
that for patients treated with the CAPOX regimen,
treatment durations of 3 and 6 months are equal-
ly effective. However, in our real-world analysis of
Chinese patients, the mortality rate in this treat-
ment group decreased with each additional week
of adjuvant chemotherapy. The discordance be-
tween our results and those of previous studies
is probably due to the following factors: first, the
research population was different. The majority of
studies reporting findings inconsistent with our
own include patients from Europe and America.
There are ethnic differences in oral fluoropyrimi-
dine metabolism, with the threshold in East Asian

populations being higher compared with Cau-
casians [13]. Therefore, longer durations of the
CAPOX adjuvant regimen might be beneficial
in Chinese patients. Second, compared with our
studies, previous investigations did not take into
account the effects of tumour differentiation or
markers, or indices of nutrition (prealbumin and
PNI) and inflammation (NLR), on the association
between adjuvant chemotherapy duration and
postoperative death when adjusting for covari-
ates. However, previous studies have confirmed
that these variables are related to colorectal can-
cer prognosis [14-23].

Previous studies suggest that different adju-
vant chemotherapy regimens will have different
optimal durations [7, 11, 12], and this is confirmed
by the current study. However, because it was not
a randomised study, it is not possible to state
clearly which regimen is superior. The findings
also suggest that modifications in chemotherapy
regimens may influence their efficacy, because
the CAPOX group experienced lower mortality.
Loree et al. [24] reported a cohort study showing
that, compared with the FOLFOX regimen, CAPOX
is associated with improved disease-free surviv-
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HR 95% CI P-value
|—l—| 0.93 0.89-0.98 0.0047
0.90 0.87-0.94 < 0.0001
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Figure 4. Analysis of the association, stratified by tumour location, between adjuvant chemotherapy duration and
postoperative death in Chinese patients with stage Ill and high-risk stage Il colorectal cancer. This analysis is ad-
justed for gender, age, N stage, T stage, differentiation, prealbumin, CEA, CA 19-9, PNI, and NLR. HR — hazard ratio

Table VI. Analysis of interactions between tumour location and duration of adjuvant chemotherapy

Model Colon Rectum P interaction
HR (95% Cl), P-value HR (95% ClI), P-value

Crude 0.91 (0.87, 0.95), < 0.0001 0.89 (0.86, 0.93), < 0.0001 0.6551

Model | 0.92 (0.88, 0.97), 0.0009 0.90 (0.86, 0.94), < 0.0001 0.3506

Model Il 0.93 (0.89, 0.98), 0.0047 0.90 (0.87, 0.94), < 0.0001 0.2850

Model | adjusted for: gender; age; N stage; T stage. Model Il adjusted for: gender; age; N stage; T stage; differentiation; Prealbumin; CEA;
CA199; PNI; NLR. HR — hazard ratio, Cl — confidence interval, CA — carcinoma antigen, CEA — carcinoembryonic antigen, PNI — prognostic

nutritional index, NLR — neutrophil lymphocyte ratio.

al. In addition, Chang [6] reported that more than
8 cycles of CAPOX treatment reduces the risk of
death in locoregionally advanced rectal cancer
in Chinese patients. This is consistent with our
findings from subgroup analyses and implies that
the regimen selection process should take the pa-
tient’s ethnicity into consideration.

Our study has several strengths. Non-linearity
and the threshold effect in the FOLFOX treatment
group were addressed and explored further. Strict
statistical adjustment was applied to minimise re-
sidual confounders in this study. Target independ-
ent variables were treated as both categorical and
continuous variables. This approach increased the
robustness of results. Finally, effect modifier factor
analysis made better use of data and yielded sta-
ble conclusions in different subgroups. The results
of this study should add to future research into
predictive models of postoperative death.

However, this study has 2 limitations. First, pa-
tients with neoadjuvant treatment were excluded
from this study; thus, the findings are not relevant
to these patients. Second, the sample size of the
CAPOX group is relatively small compared with
that of the FOLFOX group. To confirm our conclu-
sions, future studies need to enrol more patients
into the CAPOX protocol.

In conclusion, overall, adjuvant chemotherapy
duration is negatively associated with mortality in

Chinese patients with colorectal cancer. However,
the relationship varies with chemotherapy regimen.
In the FOLFOX group, adjuvant chemotherapy dura-
tion is associated with lower mortality in a non-lin-
ear relationship, with an effect only being seen if
treatment lasts for more than 14 weeks. Compared
with the FOLFOX group, the CAPOX group show
a stronger negative correlation with mortality risk.
Therefore, a longer duration of adjuvant chemother-
apy with the CAPOX regimen may be appropriate for
Chinese patients with colorectal cancer.
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