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Introduction
Colon cancer (CC) remains a major health bur-
den worldwide, with the third largest incidence 
among cancer types and increasing fatality rates 
each year, with an estimated 53,200 deaths in the 
United States in 2021.1 Approximately 30–40% 
of CC patients are at stage II at diagnosis and are 

recommended to undergo radical surgery.2,3 
There is a consensus that chemotherapy, a com-
mon treatment choice for CC, can prolong the 
survival of stage III CC patients after radical sur-
gery and reduce the likelihood of tumor recur-
rence.4,5 The American Society of Clinical 
Oncology and the European Society of Medical 
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Abstract
Background: The survival advantage of postoperative chemotherapy for high-risk stage II 
colon cancer (CC) patients remains unclear.
Objectives: The purpose was to evaluate the survival of high-risk stage II CC cases treated 
with chemotherapy and to construct survival prediction models to predict the survival benefit 
from chemotherapy.
Design: The study is a retrospective observational cohort study.
Methods: Data on patients with stage II CC diagnosed from 2005 to 2019 who underwent 
radical surgery were obtained from the Surveillance, Epidemiology and End Results 
(SEER) database. A 1:1 propensity score matching (PSM) was applied to obtain two cohorts, 
chemotherapy versus no chemotherapy. A chi-square analysis was used to assess the 
differences before and after PSM in the above two groups. Kaplan–Meier survival analysis and 
Cox proportional hazards regression were applied to investigate the 5- and 10-year overall 
survival (OS) and cancer cause-specific survival (CSS). The predictive power of the constructed 
models was assessed by the concordance index (C-index) and calibration curves.
Results: Of the 37,050 cases, 14,744 (39.8%) stage II CC were at high-risk and 29.2% of 
them received chemotherapy. Age, T stage, marital status, histologic grade, gender, and 
site independently influenced the reception of chemotherapy. The survival advantage of 
chemotherapy in the high-risk patients remained positive before and after PSM. The estimated 
3, 5, and 10 years OS rates of chemotherapy group were 9.3, 10.7, and 15.6% higher than 
the nonchemotherapy group, respectively. Four nomograms predicting OS and CSS were 
established, with great discrimination (C-index between 0.627 and 0.691) and excellent 
calibration.
Conclusion: Postoperative chemotherapy is beneficial for high-risk stage II CC patients, 
including the elderly patients (over 65 years of age). Our study developed nomograms to 
quantify the survival benefit of chemotherapy among high-risk stage II CC patients to develop 
personalized treatment recommendations and guide management decisions.
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Oncology guidelines also recommend postopera-
tive chemotherapy for cases with stage II CC who 
are at high risk of recurrence.6,7 However, there 
are currently no clear criteria for defining patients 
at high risk. The current uniform view is that 
patients with stage II CC are considered to be at 
high risk of recurrence if they have at least one of 
the following clinical features: lymph node sam-
pling <12; poor tissue differentiation (grade III 
or IV); vascular, lymphatic, or perineural inva-
sion; tumor manifesting as obstruction or tumor 
perforation; and pT4 staging. All of these are usu-
ally considered to be features predictive of a poor 
outcome of stage II CC.6–8

An article published in 2011 studied CC patients 
from the Surveillance, Epidemiology and End 
Results (SEER) database diagnosed between 
1992 and 2005 and concluded that chemother-
apy had little impact on survival of stage II CC, 
for patients with and without unfavorable prog-
nostic factors. This conclusion was also sup-
ported by two studies, both of which showed that 
chemotherapy did not improve survival.9–11 In 
contrast, an article that included patients 
recorded in the SEER database from 2005 to 
2015 concluded that chemotherapy for stage II 
CC was effective, and two other large-scale 
recent studies11–13 concluded that all patients 
with stage II CC, both high and low risk, had 
significantly improved overall survival (OS) if 
given chemotherapy.

Chemotherapy’s efficacy in stage II CC remains 
debatable, especially for patients at high risk. If 
there is a benefit, whether the benefit of chemo-
therapy can be predicted by individualization to 
bring more accurate treatment to patients. There 
is also a certain value in evaluating the factors that 
affect the reception of chemotherapy for high-risk 
stage II cases and exploring other variables that 
influence survival of the above population which 
can also help us to further identify potential ben-
eficiaries. It is known that the above questions 
need to be evaluated in large retrospective 
studies.

In this context, the present study examined a 
cohort of high-risk stage II CC cases recorded in 
the SEER database between 2005 and 2019, who 
underwent radical surgery. The aim of this paper 
is to investigate the impact of chemotherapy on 
survival and the independent variables affecting 
survival.

Methods

Study population
This article is a retrospective study. Data were 
extracted for patients with primary American Joint 
Committee on Cancer (AJCC) stage II colon ade-
nocarcinoma diagnosed between 2005 and 2019 
from a total of 18 cancer registries in the National 
Cancer Institute SEER Cancer Database. We 
submitted the data consent form to SEER man-
agement first and then collected the necessary 
data with SEER*Stat version 8.3.6. This study is 
based on publicly available data, and permission 
to access the data was obtained solely for research 
purposes. Data were obtained from the SEER 
database (approval number: 15617-Nov2017), a 
population-based cancer registry in the National 
Cancer Institute in the United States (https://seer.
cancer.gov/). This study was conducted in accord-
ance with the Declaration of Helsinki (as revised 
in 2013) and the ethical approval for this study 
was exempted by the Medical Ethics Committee 
of the Shanghai East Hospital, College of 
Medicine, Tongji University (Shanghai, China), 
as SEER is a publicly available database, and the 
data extracted from SEER were identified as 
belonging to a non-human study. As a retrospec-
tive study, informed consent was not required 
from patients. The reporting of this study con-
forms to the STROBE statement.14

Patient selection
All stage II CC patients who underwent primary 
tumor radical surgery after diagnosis between 
2005 and 2019 were chosen. We screened patients 
using the following inclusion criteria, in the order 
shown in Figure 1: (1) no other prediagnostic CC 
tumors, (2) positive pathological diagnosis and 
histology type was adenocarcinoma, (3) age 
>18 years, and (4) complete radical surgery; and 
the exclusion criteria: (1) unidentified race, (2) 
undetermined pathological grade, (3) undeter-
mined survival time, (4) undetermined marital 
status, and (5) unknown carcinoembryonic anti-
gen (CEA) information.

Variables
The major objective variable for our research was 
OS, defined as the time from diagnosis to the date 
of death due to any cause. The time from diagno-
sis to death due to CC was defined as the second-
ary outcome variable, cancer cause-specific 
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survival (CSS). Cancer cause-specific death 
(CSD) was defined as an event in which a patient’s 
cause of death was recorded as ‘death from CC’. 
The non-colon cancer cause-specific death 
(NCSD) is defined as an event in which a patient’s 
cause of death is recorded as ‘death from other 
causes’. The failure event was deemed to be a 
death attributed to CC. The competing event was 
patients who died of other causes, and vice versa. 
The poor prognostic characteristics identified 
from SEER data were T4 stage, poor/undifferen-
tiated histology, and fewer than 12 lymph nodes 
examined. Cases who had at least one of the fea-
tures were defined to be in the high-risk stage II 
CC. Age was divided into three categories: 18–
49 years, 50–65 years, and >65 years. The SEER 
database coded data on the pretreatment serum 
CEA level as ‘Positive/elevated’, ‘Negative/nor-
mal; within normal limits’ and ‘Borderline; unde-
termined if positive or negative’, which were 
assigned as ‘negative’, ‘positive’ and ‘borderline’ 
separately in the article. The categories of histo-
logic grade we obtained from the SEER database 
were ‘well differentiated; Grade I’, ‘moderately 

differentiated; Grade II’, ‘poorly differentiated; 
Grade III’ and ‘undifferentiated; anaplastic; 
Grade IV’ which were assigned as ‘grade I’, ‘grade 
II’, ‘grade III’ and ‘grade IV’ in the article. Marital 
status was classified as married or others (single, 
widowed, divorced, and separated). Tumor sites 
were classified as either the right-sided colon 
(including the cecum, ascending colon, hepatic 
flexure, and transverse colon) or the left-sided 
colon (including the splenic flexure, descending 
colon, and sigmoid colon). The number of lymph 
nodes sampled was classified as 0–11, 12,  
and chemotherapy was labeled ‘Yes’ or ‘No/
Unknown’.

Statistical analysis
The baseline patients’ characteristics distributions 
by chemotherapy status were depicted by statisti-
cal description. The association between chemo-
therapy status and patient characteristics was 
assessed through the chi-square test and multivari-
able logistic regression. The differences in the dis-
tribution of the chemotherapy subgroups were 

Figure 1. The flow diagram of the selection process for the study.
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assessed through the chi-squared test. A 1:1 pro-
pensity score matching (PSM) technique was used 
to address the selection bias due to nonrandomized 
treatment assignment, and the caliper of the near-
est-neighbor method was set to 0.0001. It could 
eliminate a large number of the distributional dif-
ferences and produce more similar treated and 
untreated groups, as would be expected to occur in 
a randomized trial.15 The outcome variables of the 
PSM analysis were chemotherapy, and the inde-
pendent variables including age, T stage, marital 
status, grade, gender, site, CEA, regional nodes 
examined, and race. The chemotherapy adminis-
tration status was used to classify all patients and 
elderly group separately. Kaplan-Meier survival 
analysis technique was applied to compare the dif-
ferences in OS between the subgroups and to 
describe the survival status within chemotherapy 
and nonchemotherapy group. For the survival 
analysis and prognosis evaluation, the cases were 
divided into two groups by random sampling and a 
7:3 population was obtained, which were named 
training and validation groups separately. In the 
training cohort, grouping by chemotherapy status, 
the Kaplan-Meier method was used to draw the 
survival curve of each clinicopathological factor, 
and then the log-rank test was used for compari-
son. Univariate and multivariable Cox propor-
tional hazard regressions were performed to 
identify the independent prognostic factors associ-
ated with OS and CSS, and hazard ratios (HRs) 
and 95% confidence intervals (CIs) for OS and 
CSS were presented. Clinicopathological variables 
with p < 0.05 in univariate analysis were chosen for 
multivariable analysis. The nomogram was built 
based on the results of multivariate analysis to pre-
dict the 5- and 10-years survival rates. The internal 
validity of the nomogram was measured by the 
concordance index (C-index), which was assessed 
by comparing the nomogram-predicted probabil-
ity. The nomogram was further validated by com-
paring the nomogram-predicted probability of the 
patients in the validation cohort with their actual 
survival and the calibration plots were generated. 
Besides, cumulative incidence was calculated by a 
competing risk model and a cumulative incidence 
plot was constructed to describe the actual prog-
nosis of different causes of death. The nomograms 
were created in R (version 3.6.2) and internally 
validated using 1000 bootstrap resamples. SPSS 
version 25 (IBM Corporation, Armonk, NY, 
USA) was used for all statistical analyses, and p 
values of 0.05 were considered statistically 
significant.

Results

Receipt of adjuvant chemotherapy
As depicted in Figure 1, we identified 99,180 stage 
II colon carcinoma patients diagnosed between 
2005 and 2019 who underwent radical surgery. A 
total of 37,050 patients with stage II CC were 
included in this study, of whom 14,744 cases 
(39.8%) had high risk factors, including stage T4 
tumor in 5339 cases (36.2%), poor differentiation 
in 6240 cases (42.3%), and lymph node harvested 
number less than 12 in 5979 cases (40.6%). Among 
all high-risk stage II CC patients (N = 14,744), 
29.2% of them received adjuvant chemotherapy.

Characteristics of high-risk stage II CC patients
Table 1 demonstrates the demographic and clini-
cal characteristics of high-risk stage II colon carci-
noma patients. Among the 14,744 patients, the 
median age was 69 years, they were predominantly 
grade II (52.6%) and grade III (36.6%), predomi-
nantly Caucasian (81.6%), and the ratio of tumors 
originating from the right-sided colon to the left-
sided colon was approximately 1.51:1. For the 
group younger than 50 years, it can be seen that the 
ratio of the population receiving chemotherapy 
versus those not receiving chemotherapy was close 
to 1.64:1, while for the group at the age between 
50 and 65, the ratio of the population receiving 
chemotherapy versus those not receiving chemo-
therapy was close to 1:1. However, only 20.9% of 
older patients (>65 years) with any unfavorable 
prognostic features received chemotherapy.

Factors influencing the reception of 
chemotherapy
As illustrated in Table 2, multivariable logistic 
regression analyses indicated that age (p < 0.001), 
T stage (p < 0.001), grade (p = 0.030), marital 
status (p < 0.001), gender (p = 0.046), and site 
(p < 0.001) were independent factors that affected 
the outcomes of high-risk stage II CC cases 
receiving chemotherapy.

Survival advantage of chemotherapy
Applying Kaplan-Meier survival analysis to com-
pare the difference in OS before and after PSM of 
high-risk stage II CC patients with and without 
chemotherapy (Figure 2) and statistically 
described (Table 3), it is obvious that chemother-
apy improved the survival of high-risk stage II 
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patients. Before PSM, patients with high-risk 
stage II CC who underwent chemotherapy had a 
higher chance of surviving than those who did 
not, with survival rates of 85.8, 76.7, and 60.7% 

at 3, 5, and 10 years, respectively. In the elderly 
group (>65 years), the above statement still 
holds, with OS rates of 82.7, 71.7, and 52.2%. 
After PSM, we were able to determine the exact 

Figure 2. Overall survival grouped by chemotherapy administration status and age for high-risk patients 
(Kaplan-Meier). (a) Before PSM. (b) After PSM.
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impact of chemotherapy on survival. The esti-
mated 3, 5, and 10 years OS rates of chemother-
apy group were 9.3, 10.7, and 15.6% higher than 
nonchemotherapy group, respectively. And in the 
elderly group, these values were 12.0, 12.8, and 
15.9%, respectively. The survival curves stratified 
by the variables were generated among the train-
ing cohort using Kaplan-Meier survival analysis 
(Figure 3) and compared using the log-rank test 
(Table 4). Age (p < 0.001), race (p < 0.001), 
pathological grade of tumor (p < 0.001), T-stage 
(p < 0.001), marital status (p < 0.001), CEA level 
(p < 0.001), and regional nodes examined 
(p = 0.001) were variables that affected the sur-
vival of high-risk stage II CC patients.

Cumulative incidence of death and competing 
risk analysis
In addition to survival, we also focused on mortal-
ity. After PSM, among the two groups with or 
without chemotherapy, there were 1375 deaths in 
the population without chemotherapy, with an 
overall mortality rate of 40.6%, and the CSD rates 
at 3, 5, and 10 years were 14.7, 21.0, and 30.0%; 
in the population with chemotherapy, there were 
913 deaths, the 3-, 5-, and 10-year CSD rates were 
11.4, 18.2, and 26.5%. Among high-risk stage II 
CC patients, all-cause death, CSD, and NCSD 
were lower in those who received chemotherapy 
relative to those who did not, and the difference in 
NCSD between the chemotherapy and nonchem-
otherapy groups gradually increased with longer 
follow-up (Figure 4).

Univariate and multivariable analysis  
for CSS and OS
Univariate and multivariable Cox regressions 
were performed to identify independent features 

affecting the prognosis of high-risk stage II CC 
patients (Table 5). All variables categorized as 
statistically significant in the univariate analysis 
were included in the multivariable analysis and 
used to construct nomograms to predict OS and 
CSS rates at 5 and 10 years. Multivariable analy-
ses showed that age (p < 0.001), race (p = 0.007), 
T stage (p < 0.001), chemotherapy (p < 0.001), 
marital status (p < 0.001), CEA (p < 0.001), and 
regional nodes examined (p < 0.001) were corre-
lated with OS, and the features above were also 
correlated with CSS.

Construction and validation of the nomogram
As shown in Figures 5 and 6, clinical prediction 
models for chemotherapy and nonchemotherapy 
were constructed to predict OS and CSS at 5 and 
10 years. The C-index for predicting OS was 
0.652 and 0.691 for chemotherapy and nonchem-
otherapy, respectively, and 0.627 and 0.631 for 
chemotherapy and nonchemotherapy for CSS, 
respectively. The calibration plots showed excellent 
correlations between the predicted survival proba-
bilities and the observed outcomes (Figure 7).

Discussion
The primary goal of the paper was to determine 
the extent of the survival benefit of adjuvant 
chemotherapy in high-risk stage II CC patients 
who underwent radical CC surgery and to effec-
tively predict the OS and CSS of ‘chemotherapy 
users’ or ‘chemotherapy non-users’ by nomo-
grams. The nomograms can be used to identify 
the population that will benefit from chemother-
apy and it will guide clinicians and patients in 
selecting treatment regimens. In the present day, 
CC remains the second most common cause of 
cancer death in the United States. This is the first 

Table 3. Overall survival rates by chemotherapy group.

OS rate (%) Before PSM After PSM

All (N = 14744) chemotherapy 
versus nonchemotherapy

Elder (N = 11092) 
chemotherapy versus 
nonchemotherapy

All (N = 6780) chemotherapy 
versus nonchemotherapy

Elder (N = 4457) chemotherapy 
versus nonchemotherapy

3-year 85.8 ± 0.6 versus 74.8 ± 0.4 80.9 ± 1.1 versus 70.4 ± 0.5 85.6 ± 0.6 versus 76.3 ± 0.8 80.8 ± 1.1 versus 68.8 ± 1.1

5-year 76.7 ± 0.7 versus 62.9 ± 0.5 69.3 ± 1.4 versus 57.1 ± 0.6 76.2 ± 0.8 versus 65.5 ± 0.9 69.2 ± 1.4 versus 56.4 ± 1.2

10-year 60.7 ± 1.1 versus 40.3 ± 0.7 47.0 ± 1.9 versus 32.1 ± 0.8 59.1 ± 1.2 versus 44.5 ± 1.2 47.0 ± 1.9 versus 31.1 ± 1.5

Elder, people over 65 years old; OS, overall survival rates; PSM, propensity score matching.
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Figure 3. Overall Kaplan-Meier survival curves for high-risk stage II CC patients after PSM according to (a) 
age, (b) race, (c) gender, (d) site, (e) grade, (f) T stage, (g) marital status, (h) CEA, (i) regional nodes examined, 
and (j) chemotherapy.
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Table 4. 5- and 10-year medium survival rates and univariate analysis of patients with stage II CC.

Variable 5-year OS (%) 10-year OS (%) p Value

Total case 70.7 ± 0.6 51.7 ± 0.9  

Age <0.001

 18–49 92.8 ± 1.0 75.7 ± 2.3  

 50–65 78.3 ± 0.9 64.9 ± 1.3  

 >65 61.7 ± 0.9 37.5 ± 1.2  

Race <0.001

 White 71.7 ± 0.7 52.2 ± 0.9  

 Black 62.1 ± 2.2 43.0 ± 2.9  

 Others 71.5 ± 2.3 54.6 ± 3.2  

Gender 0.294

 Female 71.6 ± 0.9 51.7 ± 1.3  

 Male 69.9 ± 0.9 51.2 ± 1.2  

Chemotherapy <0.001

 None 66.0 ± 1.1 45.3 ± 1.5  

 Yes 77.0 ± 1.0 59.8 ± 1.5  

Site 0.949

 Right-sided colon 70.7 ± 0.9 52.1 ± 1.2  

 Left-sided colon 70.8 ± 0.9 50.9 ± 1.2  

Grade <0.001

 Grade I 68.9 ± 2.9 54.5 ± 4.1  

 Grade II 68.0 ± 0.8 48.3 ± 1.1  

 Grade III 75.5 ± 1.0 57.1 ± 1.5  

 Grade IV 71.7 ± 3.1 52.3 ± 5.3  

AJCC T stage <0.001

 T3 77.3 ± 0.8 58.9 ± 1.1  

 T4 62.8 ± 1.0 41.6 ± 1.4  

Marital status <0.001

 Married 74.5 ± 0.8 65.2 ± 1.0  

 Others 56.4 ± 1.1 43.6 ± 1.4  

(Continued)
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Figure 4. Competing risk analyses for high-risk stage II CC patients: CSD, NCSD, and all cause of death of 
receiving or not receiving chemotherapy subgroups.
CSD, cancer cause-specific death; NCSD, non-colon cancer cause-specific death.

Variable 5-year OS (%) 10-year OS (%) p Value

CEA <0.001

 Positive 62.2 ± 1.0 42.7 ± 1.3  

 Negative 77.4 ± 0.8 58.7 ± 1.2  

 Borderline 65.1 ± 4.3 40.6 ± 4.3  

Regional nodes examined <0.001

 <12 68.2 ± 1.0 49.1 ± 1.2  

 ⩾12 72.6 ± 0.8 53.6 ± 1.2  

CEA, carcinoembryonic antigen; OS, overall survival rate.

Table 4. (Continued)
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Figure 5. Nomograms for comparing expected 5- and 10-year OS of high-risk stage II CC: (a) Chemotherapy-
users. (b) Chemotherapy non-users.
CEA, carcinoembryonic antigen; OS, overall survival.
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Figure 6. Nomograms for comparing expected 5-, and 10-year CSS of high-risk stage II CC. (a) chemotherapy-
users. (b) Chemotherapy non-users.
CEA, carcinoembryonic antigen; CSS, cancer cause-specific survival.
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Figure 7. Calibration curve of the nomograms in training and validation group. (a) 5- and 10-year OS 
nomogram calibration curves of the chemotherapy group. (b) 5- and 10-year OS nomogram calibration curves 
of the nonchemotherapy group. (c) 5- and 10-year CSS nomogram calibration curves of the chemotherapy 
group. (d) 5- and 10-year CSS nomogram calibration curves of the nonchemotherapy group.
CSS, cancer cause-specific survival; OS, overall survival.
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study to establish a predictive model to predict 
survival after radical surgery in high-risk stage II 
CC patients. We achieved comparability between 
groups through PSM to identify more scientific 
prognostic factors. Additionally, individual sur-
vival probabilities were predicted by examining 
both OS and CSS rates, thereby, the influence of 
unmeasured confounding factors relating to 
patient health condition is avoided.

Previous studies from various institutions have 
evaluated the survival of cases with stage II CC 
after chemotherapy. Some of them found that 
chemotherapy has a survival benefit.11,13 Others 
found that chemotherapy does not significantly 
improve survival.9,16 However, the more widely 
accepted view, as reflected in the clinical practice 
guidelines, is that chemotherapy clearly improves 
survival in high-risk stage II CC patients. 
Meanwhile, chemotherapy is not recommended 
for patients who have no unfavorable prognostic 
features.6,17 Therefore, we specifically addressed 
the high-risk population, analyzing 14,744 
patients from SEER database. Both before and 
after PSM, we clearly observed that patients with 
one or more unfavorable prognostic factors clearly 
benefited from chemotherapy. After the PSM, 
which have frequently been used to eliminate 
selection bias and uneven distribution of factors, 
the estimated 3, 5, and 10 years OS rates of chem-
otherapy group were 9.3, 10.7, and 15.6% higher 
than nonchemotherapy group, with chemother-
apy benefiting patients even more as time 
increased. In stage II CC, delayed initiation of 
chemotherapy and incomplete chemotherapy 
course are associated with higher cancer-specific 
mortality according to Bradley et al.18. Our study 
showed that among high-risk stage II CC patients, 
cancer-specific mortality was consistently lower 
in the chemotherapy population than in the 
nonchemotherapy population, as was non-can-
cer-specific mortality.

The benefit of chemotherapy was also evident in 
the elderly population, which is inconsistent with 
a previous study that analyzed older (age 
⩾66 years) stage II CC patients with unfavorable 
prognosis from the SEER-Medicare database 
between 1992 and 2005.9 O’Connor et al. con-
cluded that any possible survival benefit from 
chemotherapy in older adults at high risk is likely 
to be less than 2% over 5 years, whereas the cur-
rent study selected cases for a more recent decade 
(2005–2019). The results of the study suggest 

that chemotherapy benefited the elderly popula-
tion. After the PSM, which have frequently been 
used to eliminate selection bias and uneven distri-
bution of factors, the estimated 3, 5, and 10 years 
OS rates of elderly chemotherapy group were 
12.0, 12.8, and 15.9% higher than elderly 
nonchemotherapy group. Clinicians tend to be 
more conservative in their treatment strategy 
because of advanced age, and elderly patients 
tend to prefer not to undergo chemotherapy 
because of their own preferences, a concern less 
common in younger CC patients. Our results 
provide more confidence in choosing chemother-
apy for both young and elderly patients and pro-
vide some reference value for clinicians when 
choosing appropriate treatment options.

In terms of the reception of chemotherapy, of the 
14,744 patients, approximately 29.2% underwent 
chemotherapy. For the group younger than 
50 years, the ratio of the population receiving 
chemotherapy versus those not receiving chemo-
therapy was close to 1.64:1 and for the group at 
the age between 50 and 65, the ratio was close to 
1:1. But for older patients (>65 years), only 
16.7% of patients were treated with chemother-
apy, clearly a more conservative reception of 
treatment among older patients. Also found in 
other studies, older patients receiving chemother-
apy were less frequent in patients with stage III 
CC.17 It can be seen that although the guidelines 
recommend that high-risk stage II CC patients 
receive chemotherapy,6–8 in actual clinical prac-
tice, the treatment decision is influenced by many 
other factors. In addition to age, the other factors 
include gender, tumor primary site, T stage, his-
tologic grade, and marital status. There is some 
evidence that the reception of chemotherapy is 
physician-dependent. Hershman et al.19 suggest 
that older women with breast cancer treated by 
younger private oncologists received more 
chemotherapy.

Unlike the previous study,9 this paper added an 
analysis of CEA levels, a variable widely recog-
nized for its impact on survival.20,21 For those who 
chose chemotherapy, the CEA level was an inde-
pendent variable influencing whether patients 
benefited from chemotherapy, while the CEA 
level also independently affected OS and CSS in 
the high-risk stage II CC population. For patients 
with CEA-positive values, the HRs of OS for 
CEA-negative and CEA-borderline were 0.66 
(0.60–0.74) and 1.09 (0.81–1.47), and the HRs 
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of CSS were 0.51 (0.45–0.59) and 0.69 (0.43–
1.09), respectively. This corroborates the detri-
mental effect of elevated CEA on the survival of 
CC patients, as found in other studies.22

Although the median age of diagnosis for CC is 
69 years,23 many older adults are excluded from 
randomized chemotherapy trials due to age-
related comorbidities, provider bias, or patient 
personal preference.24,25 The age distribution of 
the study population in the current study is more 
realistic, the median age of the 14,744 high-risk 
cases was 69 years, suggesting that the results 
obtained here can be extrapolated with some con-
fidence to the older population.

However, the above results should be considered 
with caution due to several limitations of this 
study. First, regarding the definition of patient 
staging, the 7th edition of AJCC staging proposed 
in 2010 introduced the patient Group N1C, that 
is, patients with TXN1CM0 actually belong to 
stage III. Since the patient staging in this paper 
follows the 6th and 7th edition of AJCC staging, 
the cases in this article include a portion of patients 
who belong to stage III according to the 7th edi-
tion of staging. It is now widely accepted that 
patients with stage III CC benefit from chemo-
therapy.26,27 Therefore, the conclusion obtained in 
this paper that chemotherapy provides a survival 
benefit may be somewhat influenced by this fac-
tor. Second, regarding the definition of outcomes, 
the chemotherapy information in the SEER data-
base inevitably causes confounding bias (sensitiv-
ity 72.1% according to one study)28; for example, 
the chemotherapy records in the SEER database 
are classified as ‘No/Unknown’ and ‘Yes’. 
Although the group of patients with ‘Yes’ clearly 
received chemotherapy, it is not clear whether all 
patients with ‘No/Unknown’ refused chemother-
apy. However, even so, if the group defined as ‘no 
chemotherapy’ in this paper is mixed with a por-
tion of the chemotherapy population, our conclu-
sion that chemotherapy is beneficial for survival 
still holds. Due to a lack of information, we could 
not specify the chemotherapy regimens and the 
completion of the chemotherapy. There is no 
information about patients’ comorbidity in the 
SEER data, which may influence chemotherapy 
treatment and survival in cancer patients. Another 
limitation of this study is the limited information 
on the actual numerical values of CEA levels and 
limited interpretation of elevated values, normal 
values, and a uniform cutoff value, although we 

believe that most US laboratories use similar and 
standardized reference values. In addition to the 
CEA included in this analysis, some molecular 
biomarkers that may affect the prognosis of 
patients with stage II CC were not included in this 
study,6,29–32 such as microsatellite instability and 
BRAF mutations, which may have led to a degree 
of bias.

Conclusion
We found that high-risk stage II CC patients can 
benefit from postoperative chemotherapy. Our 
study is applicable to patients of all ages, includ-
ing elderly patients (over 65 years of age). Two 
clinical prediction models were developed to 
quantify the benefit of post radical surgery chem-
otherapy in high-risk stage II CC patients to guide 
personalized treatment recommendations and 
patient management.
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