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Objective: This study usedmodel analysis to clarify the benefits and risks of postoperative
adjuvant chemotherapy compared with surgery alone in patients with stage II/III colorectal
cancer.

Methods: Clinical trials involving patients with stage II/III colorectal cancer who underwent
surgery alone or those who received post-surgical adjuvant chemotherapy were searched
in the PubMed and embase databases. By establishing a survival model, the overall
survival (OS) and disease-free survival (DFS) of patients who underwent surgery alone or
postoperative adjuvant chemotherapy were quantitatively analyzed to compare the
differences between the two. In addition, the incidence of grade 3/4 adverse reactions
in the adjuvant chemotherapy group was analyzed using the random effects model in the
single-arm meta-analysis.

Results: A total of 34 studies containing 33,069 patients were included in the analysis.
This study found that postoperative adjuvant chemotherapy can effectively improve the OS
and DFS of patients with colorectal cancer. The median OS of the adjuvant chemotherapy
group and the surgery-only group was 118.8 months (95% CI: 96.6, 146.6) and
74.6 months (95% CI: 57.8, 96.1) respectively; and median DFS was 86.3 months
(95% CI: 67.6, 110.6) and 40.8 months (95% CI: 23.7, 69.6) in the adjuvant
chemotherapy and surgery-only groups, respectively. Common grade 3/4 adverse
reactions in the adjuvant chemotherapy group include diarrhea, stomatitis, leukopenia,
and nausea or vomiting, with an incidence of approximately 3%–6%.

Conclusion: Patients with mid-stage colorectal cancer can benefit significantly from
postoperative adjuvant chemotherapy. This study provides the necessary quantitative
information for decision-making regarding the benefits and risks of receiving adjuvant
chemotherapy after resection in patients with colorectal cancer.
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INTRODUCTION

Colorectal cancer is one of the most common gastrointestinal
malignancies, with the fourth highest incidence of malignancies
and the second highest cancer-related mortality worldwide
(Center et al., 2009; Salehiniya et al., 2017). Approximately
70%–80% of patients with colorectal cancer are amenable to
radical resection; however, postoperative recurrence is the main
cause of treatment failure for colorectal cancer, and
approximately 19%–28% of patients develop metastases after
resection (Jemal et al., 2009; Van Cutsem et al., 2014; Kim
et al., 2016; Pinson et al., 2018). The purpose of adjuvant
chemotherapy is to eliminate small metastases or micro
residual foci that have not been detected during surgery, such
that one can improve their prognosis and prolong the survival of
patients to obtain more clinical benefits. Adjuvant chemotherapy
for colorectal cancer is defined as any 5-FU-based chemotherapy
after radical resection of colorectal cancer, including portal vein
infusion chemotherapy (Benson et al., 2004).

According to the different depths of invasion, lymph node
metastasis, and organ metastasis status of this disease, the current
NCCN international guidelines recommend that patients with
stage I colorectal cancer should be treated mainly by surgical
resection without adjuvant therapy. Patients with stage II
colorectal cancer along with other high-risk factors and stage
III progressive colorectal cancer should be treated with radical
surgery following postoperative adjuvant chemotherapy, while
those with advanced or recurrent colorectal cancer are
recommended to undergo multidisciplinary evaluation to
determine whether there is a chance of resection or
radiotherapy, which should be followed by adjuvant
chemotherapy (Benson et al., 2020; Benson et al., 2021).
However, whether patients with stage II/III disease benefit
from adjuvant chemotherapy remains controversial, there is
currently no such study for quantitatively evaluating the
efficacy of adjuvant chemotherapy regimens after radical
surgery for colorectal cancer patients, as recommended in the
NCCN guidelines (Carvalho and Glynne-Jones, 2017).

In addition, a series of adverse reactions are also important
factors affecting whether a chemotherapy should be performed
on patients. For example, the combination of oxaliplatin and
fluoropyrimidine will increase the incidence of neutropenia,
thrombocytopenia, diarrhea, nausea and depression. There will
also be a chronic irreversible peripheral neuropathy (Kuebler
et al., 2007; Iveson et al., 2019). Although the survival improves,
the incidence of adverse events and the decline in quality of life
were also significant for patients. Therefore, quantified
comparisons of survival benefit and incidence of adverse
events are necessary for physician and patient during a therapy.

Model-based meta-analysis (MBMA) is a quantitative method
for evaluating the efficacy or safety of drugs based on traditional
meta-analysis using models. Through this method, we can
simultaneously correct for multiple influencing factors, deduce
the influence of inter-study heterogeneity on the results, and
make predictions of drug efficacy at different time points and at
different covariate levels (Mandema et al., 2011; Demin et al.,
2012). This study aimed to clarify the difference in survival

benefit between surgery alone and adjuvant chemotherapy
after surgery for patients with stage II/III colorectal cancer
using MBMA, as well as evaluate the effect of multiple factors
on survival time, aiming to provide reliable quantitative
information on the clinical efficacy of adjuvant chemotherapy
for colorectal cancer.

METHODS

Search Strategy
Relevant literature was searched in the PubMed and embase
databases, with a search deadline of 29 December 2021, for
keywords such as colorectal cancer and adjuvant
chemotherapy, with “Or” connecting terms in the same
category and “And” connecting terms in different categories.
The type of literature included clinical trials, and the language was
restricted to English. The specific search strategy is detailed in the
Supplements.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 1) the patient had a stage II/
III colorectal cancer; 2) the patient had undergone surgical
resection; 3) the adjuvant chemotherapy used was the NCCN
guideline recommended regimen; and 4) the patient had not
received any other treatment prior to enrollment.

The literature exclusion criteria included the following: 1)
combination of cancers other than colorectal cancer, 2) patients
who received non-adjuvant chemotherapy regimens, and 3) no
survival data extracted (Supplementary Figure S1 in
Supplements).

Data Extraction and Quality Evaluation
The following data were extracted using Microsoft Excel
(Microsoft Office package, 2019 version): 1) literature
characteristics (author, year of publication, clinical trial
registration number, etc.); 2) trial characteristics (sample size,
dosing method, dosing regimen, etc.); 3) subject characteristics
(age, sex, initial status, tumor in situ, cancer grade, etc.); and 4)
outcome indicators (overall survival [OS], disease-free survival
[DFS], and the incidence of grade 3/4 adverse reactions).

The above information was extracted from the data by two
investigators independently, with inconsistencies adjudicated by
a third investigator. When graphically presenting the data in the
literature, the GetData Graph Digitizer software was used to
extract the data in the graph. If the error during the extraction
between the two researchers was greater than 2%, the data had to
be extracted again, and the average value was taken as the final
analysis data.

The quality of the literature was evaluated using the Cochrane
risk of bias table which includes the evaluation in random
sequence generation (Deeks et al., 2019), allocation
concealment, performer and participant blinding, outcome
assessment blinding, incomplete outcome data, selective
publication, and other biases. Among them, we defined other
bias as the trial being sponsored by a drug company and the trial
being incomparable across subject groups at baseline. Each entry
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was categorized as low risk, high risk, or unclear risk. The quality
of the literature was scored by two researchers independently, and
inconsistencies were adjudicated by a third researcher.

Model Building
Parametric survival models were used to analyze survival data,
such as OS and DFS, of patients treated with surgery alone and
adjuvant chemotherapy after radical surgery. Visual inspection of
the data shows that the survival data was related to the hazard
function h(t), which can be interpreted as the instantaneous risk
of death at moment t. The hazard function can be described by
the equations below.

h(t) � (σt
���
2π

√
)
−1
e(−1

2z
2)

1 −∅(Z) , Z � ln(t) − μ

σ
(1)

h(t) in Eq. 1 conforms to the log-normal distribution, where μ
and σ are the median and standard deviation of the log-normal
distribution, respectively (Ding et al., 2020).

Once the base model was constructed, factors that have a
potential impact on the model parameters were examined,
including subjects’ age, sex, location of carcinoma in situ,
Dukes’ classification, and the treatment regimen (with or
without fluorouracil, with or without fluorouracil combined
with calcium folinic acid regimen). Forward inclusion and
backward elimination methods were used to screen the
covariates using NONMEM software (Mandema et al., 1992;
Wahlby et al., 2001). The bound of OFV decreasing in the
forward method was set at 3.84 (p < 0.05), while in the
backward method, the bound was set at 6.63 (p < 0.01). The
detailed description of the construction of the model is available
in Supplements, page five to six.

Model Evaluation
Several approaches were used to evaluate the model’s
performance after the final model was established. First, the
goodness-of-fit of the proposed model was evaluated using
model diagnostic plots. The model diagnostic plots included
scatter plots of observation (OBS) versus population prediction
(PRED) and individual predictions (IPRED), conditional
weighted residuals (CWRES) versus time and PRED scatter
plots, respectively. Second, the visual predictive check (VPC)
was used to compare the model predictions with the observed
values and evaluate the predictive performance of the model.
Finally, the bootstrap method was used to assess the robustness of
the model, that is, 1,000 new datasets were taken from the original
dataset to obtain the median of the model parameter distribution
and its 95% confidence interval (CI), and compared with the
estimated values of the model parameters obtained from the
original dataset; if they were closer, it indicated that the model
was robust and less influenced by individual studies.

Safety Analysis
The incidence of common grade 3/4 adverse reactions, such as
leukopenia, diarrhea, nausea or vomiting, and stomatitis, in the
adjuvant chemotherapy group was pooled using a random-effects
model in a single-arm meta-analysis to assess the safety of
postoperative adjuvant chemotherapy for patients.

Software
The modeling and simulation processes were performed using
NONMEM 7.3 (Level 1.0, ICON Development Solutions, New
York, United States), and the model parameters were estimated
using first-order conditional estimation. Meta-analysis and
graphical visualization were performed using R software
(version 4.0.3, The R Foundation of Statistical Computing,
Vienna, Austria). The literature quality assessment was
performed using RevMan (version 5.4, Nordic Cochrane
Center, Copenhagen, Denmark).

RESULTS

Characteristics of the Included Studies
The study ultimately included 34 publications that enrolled
33,069 patients, which consisted of 21 publications (23
treatment arms, sample size of 7,020) in the surgery-only
group and 31 publications (48 treatment arms, sample size of
26,049) in the postoperative adjuvant chemotherapy group
(Table 1).

From the publications, we extracted data on OS, the gold
standard for assessing clinical benefit in oncology, and DFS, the
most common endpoint for evaluating adjuvant therapy after radical
surgery. A total of 32 publications reported data on OS at different
time points, comprising 67 trial arms (23 in the surgery-only group
and 44 in the adjuvant chemotherapy group); 20 publications
reported data on DFS, comprising 42 trial arms (11 in the
surgery-only group and 31 in the adjuvant chemotherapy group).

The mean age of patients in the 34 studies was 54–68 years
(median age, 62 years), with a median male prevalence of 56.0%
(14.2%–73.3%). The proportion of primary tumors located in the
colon was 12.7%–100% (median, 61.1%), and the proportion of
primary tumors located in the rectum was 0%–65.8% (median,
36.7%). Among the included studies, 9 (26.5%) were of high
quality, 25 (73.5%) were of medium quality, and 0 were of low
quality (Supplementary Table S1& Supplementary Figure S2 in
Supplements).

Model Building and Evaluation
The results showed that the log-normal model had lower OFV
values and a smaller relative standard error (RSE) % of the model
parameters. Therefore, the log-normal model was selected to fit
the OS and DFS data. In covariate screening, we did not find any
factors that had a significant impact on the parameters in the OS
and DFS models. The estimated values of the final model
parameters are listed in Table 2.

The RSE of the model parameters in both the OS and DFS
models was small, indicating that the model parameter estimates
were relatively stable. The bootstrap method with 1,000 iterations
converged successfully 993 times and 996 times, respectively, with
the 95% CIs very close to the parameter estimates of the final OS
and DFSmodels, suggesting that the final models were robust and
influenced by the data of individual studies was relatively small.

The model diagnostic plots (Supplementary Figure S3, S4 in
Supplements) showed that the model-predicted values for OS and
DFS fit well with the observed data without significant bias. The
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visual predictive check (VPC) plots showed that the 95% CIs
predicted by the OS and DFS models included most of the
measured values, suggesting that the models have good
predictive ability (Figure 1).

Model Simulation
Based on the final model, the typical OS and DFS values and their
95% CIs were simulated for the surgery-only and adjuvant
chemotherapy groups, showing a median OS of 118.8 months
(95% CI: 96.6, 146.6) and 74.6 months (95% CI: 57.8, 96.1) for the
adjuvant chemotherapy and surgery-only groups, respectively,
with the former being 1.6 times higher than the latter; 5-years
survival rates of 71.6% (95% CI: 65.1, 77.7) and 57.8% (95% CI:
48.7, 67.2), respectively; and 10-years survival rates of 49.7% (95%
CI: 42.9, 56.8) and 33.1% (95% CI: 25.6, 41.8), respectively.

The median DFS rates were 86.3 months (95% CI: 67.6, 110.6)
and 40.8 months (95% CI: 23.7, 69.6) months in the adjuvant
chemotherapy group and the surgery-only group, respectively; 5-
years survival rates of 58.5% (95% CI: 52.9, 63.9) and 40.1% (95%
CI: 28.1, 53.8), respectively; and 10-years survival rates of 42.3%
(95% CI: 36.7, 48.0) and 24.1% (95% CI: 14.8, 35.7), respectively
(Figure 2; Table 3).

Safety Analysis
A total of 18 publications reported the incidence of grade 3/4 adverse
reactions, and the results showed that the incidence of grade 3/4

diarrhea, leukopenia, stomatitis, and nausea or vomiting in the
postoperative adjuvant chemotherapy group was 6% (95% CI: 4,
9), 3% (95% CI: 1, 6), 4% (95% CI: 3, 8), and 4% (95% CI: 3, 6),
respectively (Supplementary Figure S5 in Supplements).

DISCUSSION

In recent years, despite a variety of emerging therapies for
patients with colorectal cancer, such as radiation therapy,
targeted therapy, and preoperative neoadjuvant therapy,
adjuvant chemotherapy remains the basic therapy for this
disease because of its wide application in various clinical
situations. Disputes still exists on whether patients with
middle-stage colorectal cancer can benefit from postoperative
adjuvant chemotherapy, while what has already been agreed upon
is that those with early-stage colorectal cancer are not advised
with an adjuvant chemotherapy, and those with advanced ones
should be treated with palliative care (Carvalho and Glynne-
Jones, 2017; Dekker et al., 2019; Benson et al., 2020; Benson et al.,
2021). Therefore, it is essential to conduct a quantitative
comparison between adjuvant chemotherapy and surgical
treatment alone in patients with middle-stage colorectal cancer.

Previous studies have focused on whether patients with other
specific types of colorectal cancer benefit from adjuvant
chemotherapy, for example, whether those with lung

TABLE 1 | Brief characteristics of included studies.

Control ACT Overall

Number of trials (arms) 21 (23) 31 (48) 34 (71)
Total sample size 7,020 26,049 33,069
Age, yr, median (min-max) 62 (15–86) 62 (15–95) 62 (15–95)
Male, %, median (min-max) 53.5 (14.2–70.5) 56.0 (42.7–73.3) 56.0 (14.2–73.3)
Primary tumor, %, median (min-max)
Colon 55.5 (12.7–71.0) 67.8 (30.6–100) 61.1 (12.7–100)
Rectum 39.0 (11.7–71.0) 32.2 (0–65.8) 36.7 (0–65.8)

Dukes’ stage, %, median (min-max)
Dukes’ B 43 (0–92) 41 (0–91) 41 (0–92)
Dukes’ C 38 (8–100) 47 (8–100) 42 (8–100)

ACT, indicates adjuvant chemotherapy; Control, indicates surgery alone.

TABLE 2 | Parameter estimations of model.

Overall survival model Disease-free survival model

Final model Bootstrap (993/1,000) Final model Bootstrap (996/1,000)

Parameters Value RSE% Median 95%CI Value RSE% Median 95%CI

SIGM1 (ACT) 1.44 3.8 1.44 1.32–1.55 2.08 2.4 2.08 1.98–2.17
SIGM2(CONTROL) 1.34 5.9 1.35 1.20–1.53 1.90 8.1 1.89 1.52–2.26
MU1(ACT) 4.87 2.1 4.86 4.69–5.08 4.90 2.5 4.90 4.65–5.13
MU2(CONTROL) 4.35 2.8 4.36 4.12–4.62 4.05 6.4 4.04 3.49–4.67
Variability parameters
η(SIGM),% 23.6 13.9 22.9 16.9–44.2 13.2 32.8 12.4 3.99–27.7
η(MU),% 12.9 8.9 12.7 10.4–15.2 15.3 11.7 14.7 11.1–18.8
ε 1.03 9.8 1.03 0.85–1.23 1.63 9.6 1.62 1.31–1.93

ACT, indicates adjuvant chemotherapy; CONTROL, indicates surgery alone; η is the inter-study variability of pharmacodynamic parameter; ε is the residual error. CI, confidence interval;
RSE, relative standard error.
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metastases benefit from adjuvant chemotherapy, whether those
with peritoneal metastases benefit from intraperitoneal
hyperthermia chemotherapy, and whether there is a difference
between long-term prognosis from three drugs and two drugs in
palliative first-line treatment (Gill et al., 2004; Group et al., 2007;
E. and; Mitry, 2008; Zhang et al., 2019)_ENREF_20. However,
few studies have been done to quantitatively describe the survival
benefits for middle-stage colorectal cancer patients from a
adjuvant chemotherapy. A Meta analysis (Böckelman et al.,
2015) found that only patients with stage Ⅲ colorectal cancer
could benefit from adjuvant chemotherapy, while the 5-years DFS
of patients with stage II colorectal cancer with adjuvant
chemotherapy was even lower than that without adjuvant
chemotherapy. However, this study only included the
literature published in 2005–2013 for analysis, and did not
analyze OS, the conclusions of the study may be biased.

In this study, we established a survival model with a hazard
function to reflect the difference among middle-stage
colorectal cancer patients being treated with drugs
recommended by the NCCN guideline and explored
whether they benefit from adjuvant chemotherapy. We
found a significant difference in OS and DFS between
patients who received surgical treatment only and those

who received adjuvant chemotherapy after surgery. We also
found that the difference in DFS was more significant than that
in OS, in which the adjuvant chemotherapy group had a
2.1 times larger DFS than those in the surgery group.
Compared with previous studies, this study not only
confirmed that patients with middle-stage colorectal cancer
can benefit from adjuvant chemotherapy, but also can predict
the survival time at any arbitrary time point, not limited to the
median survival time and 1-year survival rate, so as to show the
benefits of adjuvant chemotherapy in the whole time period.

There is a clinical debate on whether it deserves to use the
adjuvant chemotherapy on patients compared to its safety issues
(Yothers et al., 2011; Carvalho and Glynne-Jones, 2017; Zhang et al.,
2019; La Regina et al., 2020). Although one may live a little longer
after adjuvant chemotherapy, it depends on various adverse events,
and whether one can live with a higher quality life matters more. In
this study, we could not find any record of adverse events in the
surgery-only group; thus, a single-arm meta-analysis was applied to
the data of adverse events in the adjuvant chemotherapy group. The
results showed that the incidence of regular grade 3/4 adverse events
was no more than 6% in the adjuvant chemotherapy group, which
included diarrhea and stomatitis (4%), leukopenia (3%), and nausea
or vomiting (4%). The results can be useful for decision makers in

FIGURE 1 | Visual predictive check of the final model. The points represent observed survival data, and symbol size is proportional to sample size. The shade area is
the model predicted 95% CI of the curve. The dashed lines are the model-predicted 2.5th, 50th, and 97.5th percentiles of survival. The two figures on the left side
represent (A) surgery alone group, and two figures on the right side represent (B) adjuvant chemotherapy group.
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determining whether adjuvant chemotherapy should be
administered after surgery.

Reports have indicated that factors such as age and the location of
carcinoma in situ can affect the survival of patients with colorectal
cancer (Holch et al., 2017; Nikolic et al., 2021). Researchers have also
reported that those under the age of 65 years can survive better than
those older than 65 years. Moreover, some reported that patients
with rectal cancer had a higherOS than those who experienced colon
cancer in a 5-years range (Gill et al., 2004; Schmoll et al., 2014).
However, this study did not find any covariate that had a significant

impact on survival rate, including age, sex, initial status, tumor in
situ, and cancer grade. The reason may be that our research is based
on literature aggregate data, which to some extent masks individual
differences and reduces the chances of finding covariates. Besides
that, because the missing rate of factors is more than 30%, such as
MSI status, perineural invasion, histologic grade, and serum CEA
level, the covariates can not be investigated. This is one of the
limitations of this study. Beside that, due to multifarious medication
regimens and chemotherapy cycles, it is hard for us to make a more
detailed category for our enrolled literatures. Finally, only studies

FIGURE 2 | Predicted typical time course (A) (C) and 95% confidence interval (B) (D) of overall survival and disease-free survival.

TABLE 3 | The predicted typical time course with 95% confidence interval of OS and DFS model.

Median Overall Survival
(month)

Five-year Overall Survival
(%)

Ten-year
Overall Survival (%)

Surgery 74.6 (57.8, 96.1) 57.8 (48.7, 67.2) 33.1 (25.6, 41.8)
Surgery + ACT 118.8 (96.6, 146.6) 71.6 (65.1, 77.7) 49.7 (42.9, 56.8)

Median Disease-free Survival (month) Five-year Disease-free Survival (%) Ten-year Disease-free Survival (%)

Surgery 40.8 (23.7, 69.6) 40.1 (28.1, 53.8) 24.1 (14.8, 35.7)
Surgery + ACT 86.3 (67.6, 110.6) 58.5 (52.9, 63.9) 42.3 (36.7, 48.0)

ACT, indicates adjuvant chemotherapy.
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published in English were included, therefore, the risk of publication
bias could be present.

CONCLUSION

This study quantified the survival benefit of adjuvant
chemotherapy for colorectal cancer and found that
postoperative adjuvant chemotherapy significantly prolonged
patients’ OS and DFS compared with surgery alone, providing
quantitative evidence that patients with intermediate colorectal
cancer benefit from adjuvant chemotherapy.
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