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Background: Adjuvant chemotherapy for 6 months following surgery is the standard treatment plan for
stage IIT colon cancer. The aim of the present study was to determine whether the adjuvant chemotherapy
completion time for stage III colon cancer had an effect on prognosis and cut-off time that affected the
prognosis.

Methods: This was a retrospective study of stage III colon cancer patients who completed adjuvant
chemotherapy at Guangzhou Red Cross Hospital from January 2010 to December 2017. Univariate and
multivariate analyses were used to determine the association between adjuvant chemotherapy completion
time and the 3-year disease-free survival (DFS). The restricted cubic spline model was used to analyze the
cut-off time that affected the 3-year DFS.

Results: A total of 431 patients were included in the study. The 3-year DFS was associated with a
combination of obstruction or perforation, preoperative serum carcino-embryonic antigen (CEA)
concentration, T stage, N stage, pathological stage, and adjuvant chemotherapy completion time in
the univariate analysis (P<0.05). A combination of obstruction or perforation, preoperative serum CEA
concentration, N stage, and adjuvant chemotherapy completion time were independent prognostic factors
in the multivariate analysis (P<0.05). The cut-off time was 28 weeks for adjuvant chemotherapy completion
time in the restricted cubic spline model analysis. For those whose adjuvant chemotherapy completion time
was >28 weeks, the risk of 3-year recurrence was 1.428 times higher compared with those whose adjuvant
chemotherapy completion time was <28 weeks. [P=0.032, 95% confidence interval (CI): 1.034-2.055].
Conclusions: The 3-year DFS of stage III colon cancer was related to the adjuvant chemotherapy
completion time. For those who completed adjuvant chemotherapy >28 weeks, the risk of 3-year recurrence

increased.
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Introduction

There are currently 104,270 new colon cancer cases in
the USA every year (1), of which approximately one-
third are stage III (2). Even with radical surgery, the
postoperative recurrence rate with stage III colon cancer
is still as high as 50-80% (3). Previously published studies
have found that adjuvant chemotherapy could reduce the
risk of recurrence and improve survival for patients stage
III colon cancer (4). Therefore, adjuvant chemotherapy
is routinely recommended for stage III colon cancer for
6 months following surgery by the National Comprehensive
Cancer Network (5). Based on the results of the Adjuvant
Treatment of Colon

Cancer (MOSAIC) (6), oxaliplatin plus fluorouracil
and leucovorin (FOLFOX) is the standard adjuvant
chemotherapy regimen (7). However, the efficacy of
adjuvant chemotherapy has not been found to improve by
adding targeted drugs (8). Because modified FOLFOX6
(mFOLFOXG6) is easier to manage than FOLFOX4, it has
replaced the FOLFOX4 regimen for adjuvant chemotherapy
for stage III colon cancer (9). Oral capecitabine combined
with oxaliplatin has also demonstrated the same efficacy
as mFOLFOX6 (10). Although adjuvant chemotherapy
for 6 months following surgery is the standard treatment
plan for stage III colon cancer, many patients are unable
to complete adjuvant chemotherapy within this timeframe.
At present, most studies mainly focus on patients' adjuvant
chemotherapy regimens and chemotherapy cycles, but do
not pay too much attention to the adjuvant chemotherapy
completion time. To date, there is still no guideline to
specify the length of time within which patients should
complete adjuvant chemotherapy. The aim of the present
study was to determine whether the adjuvant chemotherapy
completion time for stage III colon cancer has an effect
on prognosis and cut-off time that affected the prognosis.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-317).

Methods
Patients

This was a retrospective cohort study. The study
was performed in accordance with the Declaration
of Helsinki (as revised in 2013). Ethics approval was
waived by the Ethics Committee of the Jinan University,
Guangzhou Red Cross Hospital (No. AF/SC-107/02.0).

© Journal of Gastrointestinal Oncology. All rights reserved.

1559

Individual consent of participation in this study for this
retrospective analysis was waived. Patients with stage III
colon cancer who completed all adjuvant chemotherapy
at Guangzhou Red Cross Hospital (Guangzhou, China)
from January 2010 to December 2017 were included
in the present study. Inclusion criteria were as follows:
(I) patients aged 18-70 years; (II) the first adjuvant
chemotherapy was 4-8 weeks following surgery; (I11I)
Eastern Cooperative Oncology Group (ECOG) score of
0-1; and (IV) completion of the adjuvant chemotherapy
program [oxaliplatin plus xeloda (XELOX) regimen for
8 cycles and FOLFOX regimen for 12 cycles]. Exclusion
criteria were as follows: (I) multiple colon cancer; (II)
other previous or concurrent malignant diseases; (I1II)
preoperative neoadjuvant chemotherapy; (IV) recurrence
during adjuvant chemotherapy; (V) lost to follow up.
Lost to follow up was defined as follow up <36 months
following surgery with no recurrence at the last follow
up. Six cases were lost to follow up (6/437, 1.37%). The
number of cases during the study period determined the
sample size. In order to reduce the selection bias, we
chose cases with a not long time span (8 years), they had
similar chemotherapy initiation time (within 8 weeks after
surgery) and similar chemotherapy regimens (FOLFOX
or XELOX). A total of 431 cases were included in the
present study (Figure 1). All cases were confirmed by
pathology. There were 207 males and 224 females, aged
from 18 to 70 years (median age: 58 years); 212 cases had
right colon cancer (cecum to transverse colon) and 219
had left colon cancer (splenic flexure colon to sigmoid
colon) in the study cohort. Fifty-six cases had IIIA stage,
273 cases had IIIB stage, and 102 cases had IIIC stage.
The XELOX regimen was assigned for 235 cases and the
FOLFOX regimen was assigned for 196 cases as adjuvant
chemotherapy.

Chemotherapy

The patients provided signed informed chemotherapy
consent prior to chemotherapy. Adjuvant chemotherapy
commenced 4-8 weeks following surgery. The chemotherapy
regimen was XELOX (oxaliplatin 130 mg/m’ d1 and
capecitabine 1,000 mg/m’ d1-d14, repeated for 3 weeks for
a total of 8 cycles) or FOLFOX (oxaliplatin 85 mg/m’ d1;
leucovorin 200 mg/m’ d1, d2; fluorouracil 400 mg/m’ d1,
d2; fluorouracil 600 mg/m” d1, d2 by continuous intravenous
infusion for 22 hours; or oxaliplatin 85 mg/m” d1, leucovorin
400 rng/m2 d1, fluorouracil 400 mg/m’ d1, and fluorouracil
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Stage Il colon cancer

Inclusion criteria:

e 18-70 years

e 4-8 weeks postoperative for the first adjuvant
chemotherapy

e ECOG score 0-1

e All chemotherapy program was finished

Y

Exclusion criteria:

e Multiple colon cancer (n=5)

Other malignant diseases (n=3)

Neoadjuvant chemotherapy (n=1)

Recurrence during adjuvant chemotherapy (n=1)
Lost to follow up (n=6)

Eligible cases included
in the study (n=431)

Adjuvant chemotherapy H
completion time ,

Y \

!

<28 weeks (n=250)

28-32 weeks (n=83)

>32 weeks (n=98)

Figure 1 Inclusion of cases in the study. ECOG, Eastern Cooperative Oncology Group.

2,400 mg/m’ by continuous intravenous infusion for
46 hours, repeated for 2 weeks for a total of 12 cycles). The
chemotherapy completion time was calculated from the
first chemotherapy to the last chemotherapy (weeks). The
chemotherapy completion time was divided into 4-week
breakdown points (<28, 28-32, and >32 weeks). This
stratification was based on the distribution of the index, so as
to guarantee easy interpretation and a sufficient observation
with each category.

Follow up

Patients were followed up every 3 months for the first
2 years after surgery, every 6 months for 2-5 years, and
once per year after 5 years. The follow up included
detailed medical history, physical examination, serological
examination [blood routine, biochemical, carcino-
embryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9)], imaging examinations [e.g., X-ray, B-ultrasound,
computed tomography (CT), magnetic resonance imaging
(MRI), positron emission tomography (PET)/CT] and
colonoscopy. Recurrence was confirmed by CT, MRI, PET/
CT, or pathology. In the event of a discrepancy for imaging
examinations, confirmation was made with pathology. The
deadline for follow up was December 2020, and the median
follow-up time was 43.6 months (8.2-103.3 months). There
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were no missing data in the study.

Statistical analysis

SPSS version 23.0 (SPSS, Armonk, NY, USA) and R
software (R-4.0.4, www.r-project.org) were used in the
study. Count data were expressed as percentages, and
continuous variables were expressed as x+s. Disease-free
survival (DFS) was calculated by Kaplan-Meier method,
and differences between groups were tested by log-rank
test. The independent risk factors for 3-year DFS were
analyzed by the Cox proportional hazard model. All cases
underwent subgroup analysis according to the different
pathological stages. The restricted cubic spline model
was used to analyze the association between the adjuvant
chemotherapy completion time and the 3-year DFS by the
respline.plot function in the rms package of the R software.
The adjuvant chemotherapy completion time was used as
variable X, and the follow-up time was used as variable Y.
The outcome variable was recurrence within 3 years after
surgery. Meaningful multifactor variables were balanced
before the curve, and turning points of the curve were
determined. Three to five nodes were selected to draw the
curve first and the cure combination with smaller the Akaike
information criterion (AIC) value was chosen. P<0.05
indicated statistically significant differences.
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Figure 2 Distribution of adjuvant chemotherapy completion time.

Results
Adjuvant chemotherapy completion time

The adjuvant chemotherapy completion time for the
entire cohort was 24-43 weeks, with a median of 27 weeks.
Of the cohort, the adjuvant chemotherapy completion
time was <28 weeks for 250 cases (58%), 28-32 weeks for
83 cases (19.26%), and >32 weeks for 98 cases (22.74%).
The distribution of the adjuvant chemotherapy completion
time is shown in Figure 2.

Recurrence

Of the 431 patients, 138 (32.02%) had recurrence within
3 years after surgery. Of these, 74 (53.62%) had liver
metastasis, 29 (21.01%) had abdominal metastasis, 26
(18.84%) had lung metastasis, 14 (10.14%) had lymph
node metastasis, 10 (7.24%) had bone metastasis, 5 (3.62%)
had ovarian metastasis, 3 had brain metastasis (2.17%),
2 (1.45%) had local recurrence, and 3 (2.17%) had other

metastases.

Univariate analysis results

The 3-year DFS was found to be associated with a
combination obstruction or perforation, preoperative serum
CEA concentration, T stage, N stage, pathological stage, and
adjuvant chemotherapy completion time in the univariate
analysis (P<0.05). There was no association with sex, age,
body mass index (BMI), tumor location, tumor size, tumor
configuration, differentiation, and chemotherapy regimen
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(Tuble 1). The DFS for different adjuvant chemotherapy
completion times is shown in Figure 3.

Multivariate analysis results

A combination of obstruction or perforation, preoperative
serum CEA concentration, N stage, and adjuvant
chemotherapy completion time were independent
prognostic factors for 3-year DFS in the multivariate
analysis (Table 2).

Subgroup analysis

All cases underwent subgroup analysis according to the
different pathological stages. It was found that 3-year
DFS decreased with prolonged adjuvant chemotherapy
completion time for stage IIIB (P=0.018). However, for
stage IIIA, no statistical difference was seen for 3-year DFS
among different adjuvant chemotherapy completion time
groups (P=0.890). For stage IIIC, the 3-year DFS tended to
decrease with prolonged adjuvant chemotherapy completion
time, but no statistical difference was seen, probably due to

the small sample size (P=0.848) (Figures 4-6).

Restrictive cubic spline results

Restricted cubic spline model analysis was performed
on 431 patients. After several factors were balanced,
including a combination of obstruction or perforation,
preoperative serum CEA concentration, and N stage,
3 nodes (P5, P50, P95) were selected according to the
AIC value. Non-linearity was found between 3-year DFS
and the adjuvant chemotherapy completion time (non-
linear test, P=0.038). The cut-off time was 28 weeks for
adjuvant chemotherapy completion time in the restricted
cubic spline model analysis. For those whose adjuvant
chemotherapy completion time was >28 weeks, the risk of
3-year recurrence was 1.428 times higher compared with
those whose adjuvant chemotherapy completion time was
<28 weeks [P=0.032, 95% confidence interval (CI): 1.034-
2.055] (Figure 7).

Discussion

Three-year DFS of stage III colon cancer was found to
be associated with adjuvant chemotherapy completion
time in the present study. The cut-off time was 28 weeks
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Table 1 Univariate analysis of 3-year DFS for stage IIT colon cancer
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Table 1 (continued)

Variables No.cases 3-year DFS (%) P value Variables No. cases 3-year DFS (%) P value
Sex 0-587 N stage 0.020
Male 207 69.1 Nic 19 84.9
Female 224 67.0 N1 256 70.7
Age (years) 0.778 N2a 93 65.6
<60 247 68.8 N2b 63 55.6
=60 184 668 Pathological stage 0.010
Body mass index (kg/m?) 0.970 A 56 82 1
=24 265 67.9 B 273 68.1
>24 166 68.1 ne 102 59.8
Tumor site 0.891 Chemotherapy completion time 0.010
Right colon 212 68.4 (weeks)
Left colon 219 67.6 <28 250 73.2
Tumor size (cm) 0.546 28-32 83 67.5
<5 236 69.1 >32 98 55.1
>5 195 66.7 Chemotherapy regimen 0.527
Tumor configuration 0.628 XELOX 235 68.9
Exophytic 127 7.7 FOLFOX 196 66.8
Ulcerative 215 66.5 DFS, disease-free survival; CEA, carcino-embryonic antigen;
FOLFOX, oxaliplatin plus fluorouracil and leucovorin; XELOX,
Infiltrative 89 66.3 oxaliplatin plus xeloda.
Obstruction or perforation 0.006
No 342 70.8
Yes 89 57.3
Differentiation 0.348
High 34 73.5
Moderate 266 68.8 g
Poor 131 64.9 g . e
Serum CEA concentration 0.011 % 0.44 KT
Normal 189 741 a
Abnormal 242 63.2 0.2 —: ;gfsvg?;ks
T stage 0.023 -7 >82 weeks
T1/T2 72 79.2 0.0
T3 200 69.5 0.0 20.0 40.0 60.0 80.0 100.0 120.0
Follow time (months)
T4 159 61.0

Figure 3 Disease-free survival for different adjuvant chemotherapy

Table 1 (continued)
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Table 2 Multivariate analysis of 3-year disease-free survival for stage III colon cancer
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Variables B Standard error Wald P valve Exp (B) Lower 95% Cl Upper 95% ClI
Obstruction or perforation 0.487 0.195 6.241 0.012 1.627 1.111 2.384
Serum CEA concentration 0.484 0.180 7.189 0.007 1.622 1.139 2.311
T stage 0.268 0.148 3.311 0.069 1.308 0.979 1.747
N stage 0.429 0.190 5.102 0.024 1.536 1.058 2.230
Pathological stage -0.335 0.337 0.985 0.321 0.715 0.369 1.386
Chemotherapy completion time 0.275 0.100 7.597 0.006 1.316 1.083 1.600

CEA, carcino-embryonic antigen; Cl confidence interval.
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Figure 4 Discase-free survival of stage IIIA colon cancer for

different adjuvant chemotherapy completion times.

for those whose adjuvant chemotherapy completion time
was >28 weeks; however, the risk of 3-year recurrence was
1.428 times higher compared with those whose adjuvant
chemotherapy completion time was <28 weeks.

In the late 1980s and early 1990s, adjuvant therapy
for stage III colon cancer was the standard of care,
with adjuvant chemotherapy also constantly being
optimized (11). In Dencausse et al.’s study, fluorouracil
intravenous bolus chemotherapy for 12 months was
used as the initial treatment (12). Then it was found that
adjuvant chemotherapy lasting 6 months was not inferior to
12 months in multiple studies (13). In the MOSAIC trial,
oxaliplatin combined with fluorouracil for 6-month adjuvant
chemotherapy was used the standard treatment plan for
stage III colon cancer (6).

A recent study conducted by the International Duration

© Journal of Gastrointestinal Oncology. All rights reserved.

Evaluation of Adjuvant Chemotherapy collaboration found
that, when patients with stage III colon cancer received
3 months of adjuvant chemotherapy, the overall grade 3—4
adverse events and peripheral sensory neuropathy (PSN)
were significantly lower than that of patients who received
6 months of adjuvant chemotherapy (14). The DFS in the
low-risk group (T'1-T3 and N1) was similar regardless
of whether they received 3 or 6 months of adjuvant
chemotherapy, but the DFS was higher in the high-risk
group (T4 and/or N2) when they received 6 months of
adjuvant chemotherapy (14). Therefore, 6 months of
adjuvant chemotherapy is currently recommended for
stage III colon cancer patients at high risk (T4 and/or N2)
by American Society of Clinical Oncology (ASCO). For
patients at low risk (T1-T3 and N1), 3 or 6 months of
adjuvant chemotherapy is recommended, after discussing
the potential benefits and risks with patients (15). Prior
to 2018, studies on 3 months of adjuvant chemotherapy
studies were rarely conducted. The present study of patients
with stage III colon cancer was 2010-2017, and all patients
received the planned 6 months of adjuvant chemotherapy.
However, many patients experienced mild-to-severe
toxicity during the standard 6-month adjuvant chemotherapy,
including PSN, diarrhea, nausea, vomiting, marrow
suppression, and fatigue (16). Data from the International
Duration Evaluation of Adjuvant Chemotherapy (IDEA)
study, half of the patients experienced at least 1 grade 3—4
adverse event, which led to a change or discontinuation in
the treatment plan (14). Of these adverse events, oxaliplatin-
induced cumulative PSN was the most serious, and few
patients could recover from PSN after chemotherapy (17).
In the MOSAIC, MASCOT, and JOIN trials, grade >3
PSN was 12.4%, 5.7%, and 5.8%, respectively, which
partly led to the low chemotherapy completion rates in
the three studies (18-20). In addition to treatment-related
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Figure 5 Disease-free survival of stage IIIB colon cancer for

different adjuvant chemotherapy completion times.
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Figure 6 Disease-free survival of stage IIIC colon cancer for

different adjuvant chemotherapy completion times.

adverse events, non-medical factors might cause individuals
to be reluctant to complete chemotherapy or prolong the
completion time, such as treatment costs and access. For
patients who had not completed adjuvant chemotherapy,
the DFS was significantly lower (21), so it was difficult to
evaluate the effect of chemotherapy completion time on
prognosis. Therefore, only patients who had completed
all chemotherapy plans (XELOX regimen for 8 cycles,
and FOLFOX regimen for 12 cycles) were included in the
present study.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Figure 7 Association between HR of 3-year recurrence and
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Adjuvant chemotherapy generally started within
4-8 weeks following surgery (22). Some scholars believed
that the optimal time for stage III colon cancer patients to
receive adjuvant chemotherapy was within 8 weeks (23).
Delayed chemotherapy led to a higher risk of recurrence
and mortality (24). When the initial adjuvant chemotherapy
was >21 weeks following surgery, the patient could no
longer benefit from adjuvant chemotherapy (25). However,
few studies have focused on the association between
chemotherapy completion time and prognosis. In Jeong
et al.’s study, prolonged adjuvant chemotherapy was not
related to 5-year DES (26). The 5-year DFS for the group
with <200 days of chemotherapy was 77.21%, and 81.82%
for the group with >200 days of chemotherapy. However,
in that study, up to 28.8% of stage II cases were included,
and the proportion of stage I cases in the 2 groups was not
similar; the chemotherapy regimens were also incomparable.
In the group with <200 days of chemotherapy, 93.8% of
the cases received the fluorouracil plus leucovorin (FL)
regimen, but in the group with >200 days of chemotherapy,
98.7% of the cases received the FOLFOX4 regimen. Maybe
the conclusion that prolonged adjuvant chemotherapy was
not related to 5-year DFS was not convincing. In our study,
only patients with stage III colon cancer were included, and
adjuvant chemotherapy commenced 4-8 weeks following
surgery. The chemotherapy regimen was FOLFOX or
XELOX, which had equivalent chemotherapy effects.
Therefore, our research results might be more reliable
than Jeong e al’s. We found that prolonged chemotherapy
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completion time could lead to a decrease in DFS. The
possible mechanisms were that occult metastases already
existed at the time of surgery, and surgery was not a true
radical resection (27). This also meant that it would take
some time to find the recurrence detected by imaging after
the operation. During this period, the tumor burden was the
smallest, and theoretically the most susceptible to system
therapy. Excessive adjuvant chemotherapy completion
time may lead to failure in controlling micrometastatic
proliferation in a timely manner (28). Traditional imaging
detection methods and tumor markers provided limited
information for occult metastases of colorectal cancer. In
recent years, circulating tumor cells (CTCs) detection had
received increasing attention as a new tumor diagnosis
and monitoring method. CTCs detection, which was
called “real-time liquid biopsy”, was a minimally invasive
and convenient way to achieve the purpose of biopsy. It
had been confirmed that the dynamic change of its count
was related to the efficacy, recurrence, and metastasis
of colorectal cancer (29). The detection of CTCs in the
peripheral blood circulation indicated that the tumor might
have metastasized. Immunosuppressive effects have been
confirmed in major surgery (30). Therefore, any unresected
subclinical disease would provide good conditions for
proliferation following surgery. The reduction in quantity
or the prolongation of adjuvant chemotherapy might
lead to an increase in recurrence (21). The reduction of
angiogenesis inhibitors after tumor resection can lead to
an increase in the risk of metastasis (31), and prolonged
adjuvant chemotherapy time can make it difficult to inhibit
tumor proliferation. Universal superlinear metabolic scaling
laws exist in human cancers. This dependence underpins
tumor aggressiveness, owing to evolutionary dynamics. As
the tumor grows, its proliferation rate may be faster (32).
Therefore, the longer the interval between surgery and
chemotherapy, the more difficult it is to control the occult
metastasis.

This was a retrospective study performed at a single
center. We could not know the exact reasons that lead
to prolonged adjuvant chemotherapy. Different patients,
doctors, or social factors might have an impact on the
implementation of the treatment plan. For patients with
prolonged adjuvant chemotherapy, the interval between
each chemotherapy treatment plan was not similar. And
these factors such as patients, doctors, social factors and
chemotherapy interval may be associated with postoperative
recurrence. In addition, due to the small sample size, it was
difficult to make accurate judgments on the cut-off time of
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adjuvant chemotherapy that affected the prognosis.

Our study discusses the optimization of adjuvant
chemotherapy for stage III colon cancer. We found that
it was best to complete chemotherapy on schedule, even
if it had to be extended, but preferably no more than
28 weeks. Prolonged chemotherapy is associated with colon
cancer recurrence. In order to complete chemotherapy on
schedule for patients, it is important to address the causes of
prolonged chemotherapy.

Conclusions

The 3-year DFS of patients with stage III colon cancer
is associated with the adjuvant chemotherapy completion
time. For those who complete >28 weeks of adjuvant
chemotherapy, the risk of 3-year recurrence increases.
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