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Background: It is common for elderly patients to be underrepresented in clinical trials for cancer, which can result in a lack of 
efficacy data and unclear criteria to guide treatment decisions for clinical doctors. Therefore, one of the common challenges in 
oncology treatment is determining the extent to which patients aged 75 and older have benefited from postoperative chemotherapy.
Purpose: The study aimed to explore the effect of adjuvant chemotherapy (AC) on 3-year recurrence-free survival (RFS) after 
curative resection in patients aged 75 years and older with stage II–III colorectal cancer (CRC).
Methods: The retrospective cohort analysis was performed on patients with stage II–III CRC who received curative resection at three 
cancer centers in China between 2008 and 2017. Kaplan-Meier curves and Multivariable Cox regression models were used to analyze 
the impact of AC on RFS in patients. Finally, propensity-score matching was used to reduce selection bias and confounding factors in 
patients aged 75 years and older with stage II–III CRC.
Results: A total of 2885 patients were included (1729 (59.9%) male; 1312 (61.5%) received AC). The pre-matching cohort was 
comprised of 151 patients aged 75 years and older (median age (IQR)77.00 (76.00, 79.00); 97 (64.2%) male, 51 (72.9%) received AC). 
Age (P=0.001), postoperative carcinoembryonic antigen (CEA)(P=0.02) level were associated with prognosis. But AC was not 
associated with 3-year RFS (HR, 1.27; 95% CI, 0.80–2.0; log-rank P=0.37). After a predisposition 1: 1 match (with or without AC, 
n = 42), AC remains uncorrelated with 3-year RFS (HR, 1.39; 95% CI, 0.52–3.70; log-rank P=0.66).
Conclusion: Patients over the age of 75 with stage II–III CRC who receive AC or do not face the same risk of postoperative 
recurrence. As a result, patients with stage II–III postoperative adjuvant chemotherapy can make an informed decision regarding 
whether they want to undergo chemotherapy based on their age and reduce the unnecessary side effects of chemotherapy.
Keywords: colorectal cancer, adjuvant chemotherapy, recurrence-free survival, prognosis

Introduction
Colorectal cancer is the world’s third most prevalent cause of death from cancer.1
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Since 2000–2016, the incidence and mortality of CRC have shown an upward trend. The incidence rate of CRC in 
China knotting jumped to the second and the mortality rate ranked fourth.2 Patients over the age of 65 made up 54% of 
the 147,950 people in the United States who received a CRC diagnosis in 2020, and they also accounted for 68% of CRC 
fatalities.1

Currently, the primary treatment for CRC involves the removal of the primary tumor and regional lymph 
nodes.3 Cancers detected at early stages have an excellent 5-year survival rate of approximately 92%.3 However, 
this rate significantly decreases during stage III CRC, which is characterized by lymph node metastasis.3 To 
improve prognosis and reduce the risk of recurrence, several guidelines suggest that patients with locally advanced 
CRC should undergo adjuvant chemotherapy (AC) after curative resection.4–6 Age, physical condition, and 
underlying disease must all be carefully considered when choosing a particular adjuvant chemotherapy plan. 
There is no proof that patients 70 years of age or older will benefit from adding oxaliplatin to 5-FU/LV 
regimens.7,8 It is common for elderly patients to be underrepresented in clinical trials for cancer, which can result 
in a lack of efficacy data and unclear criteria to guide treatment decisions for clinical doctors.

An analysis of patients aged 70 years and older who underwent adjuvant 5-FU therapy revealed no evidence of 
a diminished effect of chemotherapy on cancer recurrences or deaths with increasing age. However, this study predates 
the oxaliplatin era.9 According to more recent research, older patients had less incremental benefit from oxaliplatin than 
younger patients.10 When assessing poor response to medication, it is important to consider whether insufficient dosage 
may be the cause. Older patients have a higher likelihood of discontinuing oxaliplatin early, resulting in a 25% reduction 
in cumulative dosage compared to younger patients.11 However, the two main trials demonstrating the efficacy of 
oxaliplatin included only 25 (1%) and 131 (5%) patients aged 75 years and older (D.J. Sargent, personal communication, 
November 2009).12,13 Therefore, one of the common challenges in oncology treatment is determining the extent to which 
patients aged 75 and older have benefited from postoperative chemotherapy. To explore the practical practice patterns and 
outcomes, we assessed the effectiveness of postoperative adjuvant chemotherapy in patients over 75 years old with stage 
II–III CRC.

Methods
Ethics Statement
This retrospective study was performed in accordance with the Declaration of Helsinki. The Ethics Committee approved this 
study of Yunnan Cancer Hospital (KY2019141), the Ethics Committee of the Sixth Affiliated Hospital of Sun Yat-sen 
University (2021ZSLYEC-051) and the Research Ethics Committee of Guangdong Provincial People’s Hospital 
(GDREC2020011H). The research design verified the model by tracking the patients’ postoperative follow-up, calculating 
the use of postoperative AC, collecting their clinical data, understanding the risk factors of postoperative AC in CRC 
patients, and building a prediction model according to each risk factor index clinically.14 Due to the study’s retrospective 
nature, the ethics committee waived the informed consent requirement. All patient data were anonymous during the survey.

Study Population
A total of 4214 patients with stage II–III CRC confirmed by pathological diagnosis between 2008 and 2017 were 
retrospectively selected at Yunnan Provincial Cancer Hospital, the Sixth Affiliated Hospital of Sun Yat-sen University, 
and Guangdong Provincial People’s Hospital, all of whom directly underwent curative resection. The following patients 
were excluded: synchronous colon cancer, metastatic disease, underwent emergency surgery, received preoperative 
treatment, or only stoma construction.

Variables
The following variables were analyzed: age at diagnosis, body mass index, sex, preoperative and postoperative CEA 
level, surgical modality, primary tumor location, tumor differentiation, pathological type, T stage, N stage, the 8th AJCC 
stage, number of lymph node dissection, lymphovascular invasion (LVI) (yes/no), perineural invasion (yes/no), tumor 
deposition (yes/no).
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Our primary observation is 3-year RFS. In this study, the RFS was defined as the number of months since surgery 
before the first recurrence. Patients were followed up every three months during the first three years. After that, patients 
were followed up every six months until they died. During each follow-up, patients underwent physical examinations and 
blood tests that included measuring CEA levels. CT scans of the chest and abdomen were performed every six months. In 
this study, patients received chemotherapy within 3 weeks to 2 months postoperatively, with chemotherapy regimens 
including FOLFOX (fluorouracil, leucovorin, oxaliplatin) for 6 cycles, Cape OX (capecitabine and oxaliplatin) for 3 
cycles, Capecitabine for 6 cycles, or 5-FU/leucovorin for 3 cycles,15,16 as determined by the surgeon according to the 
patient’s general circumstances and wishes.

Statistical Analysis
The use of AC after curative resection and its survival benefits were studied in patients of different ages (mainly in elderly 
patients aged 75 years and older). The Wilcoxon Mann–Whitney test, Fisher’s exact test, or Chi-square test was used to 
compare the use of AC with patients who did not receive it, regardless of whether data was categorical or continuous. Kaplan- 
Meier survival curves and multivariable Cox proportional risk regression models are used in survival analysis.

In subgroup analysis, the association between AC acceptance or non-reception and 3-year RFS was investigated in 
elderly, middle-aged, and young groups using Kaplan-Meier analysis.

Propensity score matching was performed to assess selection bias resulting from potential confounders.17 Clinical 
factors in the model include age at diagnosis, sex, body mass index, T stage, N stage, the 8th AJCC stage. Patients 
receiving AC are matched to those not receiving AC in a 1:1 ratio using a greedy nearest neighbor matching algorithm 
without substitution, the caliper value was 5%.18 The Kruskal–Wallis analysis was used to compare patient characteristics 
between matching groups of propensity scores. Analyze the data using R 4.2.2 (R Project). All P-values < 0.05 were 
considered significant. This study follows comprehensive standard reporting guidelines for reporting trials.14

Results
Recruitment Process
In this study, 2885 patients with stage II–III CRC who underwent radical surgery were collected directly from Yunnan 
Provincial Cancer Hospital, the Sixth Affiliated Hospital of Sun Yat-sen University, and Guangdong Provincial People’s 
Hospital from 2008 to 2017. Out of the total number of patients studied, 2132 patients received AC after surgery. Patients 
were divided into three groups based on age: the elderly group (age ≥ 75, n=224), the middle-aged group (age 41–74, 
n=2446), and the younger group (age ≤40, n=215). Finally, using propensity matching in the elder group: before 
matching (n=151), after matching (with AC n=42, without AC n=42) (Figure 1).

Clinical Features of the General Population
A total of 2885 patients (median age (IQR), 60 (50.00–67.00); 1729 (59.9%) males; 1312 (61.5%) accepted AC) were enrolled. 
The median survival time of patients aged 75 years and above is 4 years (95% CI, 3.66, 4.47). AC was related to age, sex, BMI, 
surgical approach, tumor location, tumor differentiation, pathological type, T stage, N stage, the 8th AJCC pathological stage, the 
number of lymph node dissection, LVI, PNI, tumor deposition, preoperative CEA and age group (P <0.05) (Table 1).

Univariate and Multifactorial Analysis of the Total Population to Study the Relationship 
Between AC and Prognosis
In univariate analysis, surgical approach, tumor location, pathological type, N1/N2, LVI, PNI, tumor deposition, AC, 
preoperative and postoperative CEA were associated with prognosis (P<0.001). After multivariate analysis, surgical 
approach (HR, 0.53; 95% CI, 0.4–0.71; P<0.001), N1 (HR, 2.22; 95% CI, 1.64–3.01; P<0.001), N2 (HR, 4.07; 95% CI, 
2.93–5.66; P<0.001), LVI (HR, 1.66; 95% CI, 1.17–2.35; P<0.001), PNI (HR, 2.01; 95% CI, 1.2–3.37; P=0.01), elevated 
preoperative CEA (HR, 1.44; 95% CI, 1.13–1.85; P<0.001) and postoperative CEA (HR, 2.56; 95% CI, 1.92–3.42; 
P<0.001) remained significantly associated with prognosis. Age ≥ 75 years old (HR, 1.05; 95% CI, 0.61–1.81; P = 0.85), 
AC was unrelated with prognosis (HR, 0.77; 95% CI, 0.58–1.01; P=0.06) (Table 2).
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Kaplan-Meier Curves and Multivariable Cox Regression Models Shows the 
Relationship Between AC and 3-Year RFS in Different Age Groups
In the total population (HR, 0.72; 95% CI, 0.58–0.88; log-rank P=0.0017) (Figure 2a) and middle-aged group (HR, 0.92; 
95% CI, 0.64–1.32; log-rank P =0.012) (Figure 2c), which has a longer 3-year RFS than patients who did not receive AC. 
In the young group (HR, 1.06; 95% CI, 0.74–1.51; log-rank P=0.26) (Figure 2b), matching the pre-senior group (HR, 
1.27; 95% CI, 0.80–2.00; log-rank P = 0.37) (Figure 2d) and the post-matched senior group (HR, 1.39; 95% CI, 0.52– 
3.70; log-rank P = 0.66) (Figure 2e), AC was not associated with 3-year RFS.

Figure 1 Consort Diagram of the Study Population. 
Notes: Schulz KF, Altman DG, Moher D, CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. PLoS Med. 2010;7(3): e1000251. 
Copyright: © 2010 Schulz et al. Creative Commons Attribution License.19
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Table 1 Patient and Tumor Characteristics

Characteristics Alla (N=2885) No Chemotherapya (N=753) Chemotherapya (N=2132) P-valueb

Gender, no. (%) of patients 0.003
Male 1729 (59.9%) 417 (55.4%) 1312 (61.5%)

Female 1156 (40.1%) 336 (44.6%) 820 (38.5%)

Age, years <0.001
Median (IQR) 60 (50, 67) 64 (55, 71) 58 (49, 65)

Mean (SD) 58.42 (12.01) 63.08 (11.49) 56.78 (11.75)

BMI 0.01
Median (IQR) 22.4 (20.7, 24.8) 22.2 (20.5, 24.4) 22.5 (20.8, 25.0)

Mean (SD) 22.70 (3.23) 22.42 (3.27) 22.82 (3.21)
Surgical approach 0.05

OR 1549 (53.7%) 428 (56.8%) 1121 (52.6%)

LR 1336 (46.3%) 325 (43.2%) 1011 (47.4%)
Primary site, no. (%) of patients <0.001

Colon 1645 (57.0%) 341 (45.3%) 1304 (61.2%)

Rectum 1240 (43.0%) 412 (54.7%) 828 (38.8%)
Tumor differentiation, no. (%) of patients 0.05

Well 123 (4.3%) 30 (4.0%) 93 (4.4%)

Moderate 110 (3.8%) 27 (3.6%) 83 (3.9%)
Poor-undifferentiated 1860 (64.5%) 503 (66.8%) 1357 (63.6%)

Unknown 792 (27.5%) 193 (25.6%) 599 (28.1%)

Mucinous type <0.001
No 2169 (75.2%) 632 (83.9%) 1537 (72.1%)

Yes 667 (23.1%) 115 (15.3%) 552 (25.9%)

Unknown 49 (1.7%) 6 (0.8%) 43 (2.0%)
T stage, no. (%) of patients 0.10

T1-T2 139 (4.8%) 32 (4.2%) 107 (5.0%)

T3 2523 (87.5%) 675 (89.6%) 1848 (86.7%)
T4 223 (7.7%) 46 (6.1%) 177 (8.3%)

N stage, no. (%) of patients <0.001
N0 1421 (49.3%) 482 (64%) 939 (44.0%)
N1 1017 (35.3%) 196 (26%) 821 (38.5%)

N2 447 (15.5%) 75 (10.0%) 372 (17.4%)

AJCC 8th ed. stage <0.001
II 1420 (49.2%) 481 (63.9%) 939 (44.0%)

III 1465 (50.8%) 272 (36.1%) 1193 (56.0%)

Lymph node yield 0.89
≥12 2368 (83.8%) 593 (84.0%) 1775 (83.7%)

<12 459 (16.2%) 113 (16.0%) 346 (16.3%)

LVI 0.02
No 2568 (89.0%) 689 (91.5%) 1879 (88.2%)

Yes 316 (11.0%) 64 (8.5%) 252 (11.8%)

PNI <0.001
No 2682 (93.3%) 729 (97.1%) 1953 (91.9%)

Yes 193 (6.7%) 22 (2.9%) 171 (8.1%)

Tumor deposit 0.003
No 1960 (89.3%) 600 (92.4%) 1360 (88.0%)

Yes 235 (10.7%) 49 (7.6%) 186 (12.0%)

Preoperative CEA, ng/mL 0.04
Median (IQR) 4 (2, 10) 4 (2, 11) 4 (2, 10)

Mean (SD) 15.45 (100.26) 22.07 (188.79) 13.12 (32.88)

(Continued)
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Table 1 (Continued). 

Characteristics Alla (N=2885) No Chemotherapya (N=753) Chemotherapya (N=2132) P-valueb

Postoperative CEA, ng/mL 0.26

Median (IQR) 2.00 (1.24, 3.07) 2.07 (1.32, 3.49) 1.98 (1.23, 3.00)
Mean (SD) 8.83 (95.32) 12.82 (127.21) 7.72 (84.35)

Age group <0.001
≤40 215 (7.5%) 26 (3.5%) 189 (8.9%)
41–74 2446 (84.8%) 604 (80.2%) 1842 (86.4%)

≥75 224 (7.8%) 123 (16.3%) 101 (4.7%)

Notes: aData are median (IQR), Mean (SD) or n (%). bP value, using Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test. Bold text in the table indicates P≤ 0.05. 
Abbreviations: BMI, Body Mass Index; CEA, carcinoembryonic antigen; LR, laparoscopic resection; LVI, lymphovascular invasion; OR, open resection; PNI, perineural 
invasion; AJCC, American Joint Committee on Cancer.

Table 2 Univariate and Multivariate Analyses of Overall Cohort

Variable Univariate HR (95% CI) P-value Multivariate HR (95% CI) P-value

Sex

Male 1.0 (Reference) 1.0 (Reference)

Female 1.08 (0.89–1.32) 0.42 1.06 (0.84–1.35) 0.63
Age group

≤40 1.0 (Reference) 1.0 (Reference)

41–74 0.92 (0.64–1.32) 0.65 0.82 (0.54–1.23) 0.33
≥75 1.27 (0.80–2.01) 0.31 1.05 (0.61–1.81) 0.85

BMI group

<24 1.0 (Reference) 1.0 (Reference)
≥24` 0.79 (0.62–1.00) 0.05 0.76 (0.59–0.99) 0.04

Surgical approach`

OR 1.0 (Reference) 1.0 (Reference)
LR 0.47 (0.38–0.58) <0.001 0.53 (0.4–0.71) <0.001

Tumor location`

Colon 1.0 (Reference) 1.0 (Reference)
Rectum 1.43 (1.17–1.73) <0.001 1.1 (0.86–1.4) 0.45

Tumor differentiation

Well-Morederate 1.0 (Reference) 1.0 (Reference)
Poor-undifferentiated 0.78 (0.54–1.11) 0.17 0.53 (0.33–0.86) 0.01

Unknown 1.44 (1.00–2.07) 0.05 0.66 (0.41–1.08) 0.1

Mucinous type`
No 1.0 (Reference) 1.0 (Reference)

Yes 0.54 (0.41–0.72) <0.001 0.74 (0.43–1.26) 0.26

Pathology T stage`
T1-T3 1.0 (Reference) 1.0 (Reference)

T4 1.29 (0.92–1.8) 0.14 1.02 (0.61–1.7) 0.94

Pathology N stage`
N0 1.0 (Reference) 1.0 (Reference)

N1 2.09 (1.64–2.67) <0.001 2.22 (1.64–3.01) <0.001
N2 4.76 (3.71–6.11) <0.001 4.07 (2.93–5.66) <0.001

Lymph node yield`

≥12 1.0 (Reference) 1.0 (Reference)

<12 1.19 (0.93–1.53) 0.17 1.05 (0.78–1.43) 0.73
LVI

No 1.0 (Reference) 1.0 (Reference)

Yes 2.32 (1.83–2.95) <0.001 1.66 (1.17–2.35) <0.001

(Continued)
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Propensity-Matching Cohort for Elderly Patients with CRC Aged 75 Years and Older
The pre-matching cohort was comprised of 151 patients aged 75 years and older (median age (SD) 77.96 (2.96), 97 
(64.2%) males, 51 (72.9%) received AC). Where age, tumor type, postoperative CEA level was associated with 
prognosis. After a predisposition 1:1 match, there was no received AC group (n=42), received AC group (n=42), none 
of these factors correlated with prognosis (Table 3). After adjusting for multivariate analysis after matching (Table S1), 
chemotherapy was still not statistically significant in the 75 years and older.

Discussion
This analysis investigates the association between adjuvant chemotherapy after curative surgery and prognosis in patients 
with stage II–III colorectal cancer of different age groups. In the univariate analysis of the total population from 2008 to 
2017, it was observed that patients with CRC who received AC after surgery had a 3-year extended RFS, which indicates 
AC can reduce the risk of postoperative death and improve prognosis. However, multivariate analyses revealed 
inconsistent results, suggesting that chemotherapy was not an independent risk factor for prognosis. In the propensity- 
matching cohort of elderly patients with CRC aged 75 years and older, postoperative AC was not associated with 3-year 
RFS. In subgroup analysis, postoperative acceptance of AC by patients with CRC in the middle-aged group and 
postoperative acceptance or non-acceptance of AC in the younger and elderly groups were not associated with 3-years 
RFS. These experimental results showed that elderly patients with CRC aged 75 years and older may not benefit from 
chemotherapy, and further validation is needed for younger patients.

According to the results of three large-scale trials, the use of fluorouracil (FU/LV or capecitabine) and oxaliplatin as 
adjuvant chemotherapy for six months is the standard care for stage III CRC patients.20 Older patients did not receive too 
much postoperative AC may be the following reasons: lack of randomized clinical trials in older adults, coupled with 
concerns about their limited life expectancy, their fitness for radical treatment, and increased toxic complications due to 
age-related changes in chemotherapeutic pharmacokinetics,21 which resulting in a smaller study size. A previous study 
has shown that older patients with stage III CRC with a pathological diagnosis often do not receive appropriate AC due 
to concerns about side effects and tolerance.22 San et al studied the effects of AC on patients with stage III CRC aged 75 
years or older and reported that AC use declines with age.23 On the other hand, several previous studies have reported 
that oxaliplatin treatment did not affect the prognosis of stage III CRC patients over 70 years of age.11,24,25 Yothers et al 

Table 2 (Continued). 

Variable Univariate HR (95% CI) P-value Multivariate HR (95% CI) P-value

PNI

No 1.0 (Reference) 1.0 (Reference)
Yes 1.81 (1.33–2.48) <0.001 2.01 (1.2–3.37) 0.01

Tumor deposit

No 1.0 (Reference) 1.0 (Reference)
Yes 2.32 (1.76–3.06) <0.001 1.37 (0.99–1.9) 0.06

Adjuvant chemotherapy

No 1.0 (Reference) 1.0 (Reference)
Yes 0.72 (0.58–0.88) <0.001 0.77 (0.58–1.01) 0.06

Preoperative CEA group

≤5 1.0 (Reference) 1.0 (Reference)
>5 1.85 (1.52–2.25) <0.001 1.44 (1.13–1.85) <0.001

Postoperative CEA group

≤5 1.0 (Reference) 1.0 (Reference)
>5 3 (2.33–3.86) <0.001 2.56 (1.92–3.42) <0.001

Notes: Bold text in the table indicates P < 0.001. 
Abbreviations: BMI, Body Mass Index; CEA, carcinoembryonic antigen; LR, laparoscopic resection; LVI, lymphovascular invasion; OR, 
open resection; PNI, perineural invasion; AJCC, American Joint Committee on Cancer.
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investigated the additional effects of oxaliplatin on patients over 70 years of age in a newer NSABP C-07 trial.11 

McCleary et al examined the impact of age on CRC recurrence after receiving AC using the ACCENT database, with 
patients aged 70 years or older having a reduced benefit from the addition of oxaliplatin to 5-FU in adjuvant therapy.10

Age, on the other hand, is not related to physiological age. In randomized trials, oxaliplatin appeared surprisingly 
effective in patients over 75 years of age in the community compared to patients over 70 years of age.23 A detailed 
assessment of the patient’s general condition and appropriate AC indications is essential to obtain the maximum benefit 

Figure 2 Kaplan-Meier curves for recurrence-free survival that Associated with the Use of Adjuvant Chemotherapy in Overall cohort (a), young group (b), middle-aged 
group (c), pre-matched senior group (d) post-matched senior group (e).
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Table 3 Characteristics of Patients 75 Years and Older Who Underwent Surgery for Colorectal Cancer Before and After Matching

Characteristic Before Propensity-Matched After Propensity-Matched

Overall No Chemotherapy  
(N = 70)a

P-valueb Overall No Chemotherapy,  
(N = 42)a

P-valueb

(N = 151)a Chemotherapy  
(N = 81)a

(N = 84)a Chemotherapy  
(N = 42)a

Sex (%) 0.06 0.48

Male 97 (64.2) 46 (56.8) 51 (72.9) 58 (69.0) 27 (64.3) 31 (73.8)

Female 54 (35.8) 35 (43.2) 19 (27.1) 26 (31.0) 15 (35.7) 11 (26.2)

Age 0.001 0.36

Mean (SD) 77.96 (2.96) 78.73 (3.43) 77.07 (2.00) 77.40 (2.12) 77.19 (2.12) 77.62 (2.12)

Mean (IQR) 77.00 (76.00, 79.00) 79.00 (76.00, 80.00) 76.00 (76.00, 78.00) 77.0 (76.00, 79.00) 76.5 (75.0, 79.0) 77 (76.0, 79.0)

BMI 0.98 0.72

Mean (SD) 22.11 (2.94) 22.10 (3.00) 22.11 (2.89) 22.09 (2.85) 22.20 (2.85) 21.98 (2.87)

Mean (IQR) 21.83 (20.31, 24.13) 21.55 (20.76, 24.22) 22.66 (20.20, 23.98) 21.32 (20.28, 24.08) 21.32 (20.76, 24.39) 21.34 (19.91, 23.98)

Surgical approach (%) 0.73 0.51

OR 96 (63.6) 53 (65.4) 43 (61.4) 50 (59.5) 27 (64.3) 23 (54.8)

LR 55 (36.4) 28 (34.6) 27 (38.6) 34 (40.5) 15 (35.7) 19 (45.2)

Tumor location (%) 0.45 0.66

Colon 78 (51.7) 39 (48.1) 39 (55.7) 47 (56.0) 22 (52.4) 25 (59.5)

Rectum 73 (48.3) 42 (51.9) 31 (44.3) 37 (44.0) 20 (47.6) 17 (40.5)

Tumor differentiation (%) 0.12 0.11

Well 5 (3.3) 1 (1.2) 4 (5.7) 3 (3.6) 0 (0.0) 3 (7.1)

Moderate 98 (64.9) 57 (70.4) 41 (58.6) 53 (63.1) 30 (71.4) 23 (54.8)

Poor-undifferentiated 48 (31.8) 23 (28.4) 25 (35.7) 28 (33.3) 12 (28.6) 16 (38.1)

Unknown 5 (3.3) 1 (1.2) 4 (5.7) 3 (3.6) 0 (0.0) 3 (7.1)

Mucinous type (%) 0.3 >0.99

No 143 (94.7) 75 (92.6) 68 (97.1) 81 (96.4) 40 (95.2) 41 (97.6)

Yes 8 (5.3) 6 (7.4) 2 (2.9) 3 (3.6) 2 (4.8) 1 (2.4)

Pathology T stage (%) 0.64 >0.99

T1–3 142 (94.0) 75 (92.6) 67 (95.7) 81 (96.4) 41 (97.6) 40 (95.2)

T4 9 (6.0) 6 (7.4) 3 (4.3) 3 (3.6) 1 (2.4) 2 (4.8)

Pathology N stage (%) 0.19 0.32

N0 89 (58.9) 52 (64.2) 37 (52.9) 50 (59.5) 26 (61.9) 24 (57.1)

N1 47 (31.1) 20 (24.7) 27 (38.6) 27 (32.1) 11 (26.2) 16 (38.1)

N2 15 (9.9) 9 (11.1) 6 (8.6) 7 (8.3) 5 (11.9) 2 (4.8)

AJCC 7th ed. Stage (%) 0.21 0.82

II 89 (58.9) 52 (64.2) 37 (52.9) 50 (59.5) 26 (61.9) 24 (57.1)

III 62 (41.1) 29 (35.8) 33 (47.1) 34 (40.5) 16 (38.1) 18 (42.9)

Lymph node yield (%) 0.39 0.38

≥12 120 (79.5) 67 (82.7) 53 (75.7) 70 (83.3) 33 (78.6) 37 (88.1)

<12 31 (20.5) 14 (17.3) 17 (24.3) 14 (16.7) 9 (21.4) 5 (11.9)

(Continued)
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Table 3 (Continued). 

Characteristic Before Propensity-Matched After Propensity-Matched

Overall No Chemotherapy  
(N = 70)a

P-valueb Overall No Chemotherapy,  
(N = 42)a

P-valueb

(N = 151)a Chemotherapy  
(N = 81)a

(N = 84)a Chemotherapy  
(N = 42)a

LVI (%) >0.99 >0.99

No 137 (90.7) 74 (91.4) 63 (90.0) 79 (94.0) 40 (95.2) 39 (92.9)

Yes 14 (9.3) 7 (8.6) 7 (10.0) 5 (6.0) 2 (4.8) 3 (7.1)

PNI (%) 0.94 >0.99

No 150 (99.3) 81 (100.0) 69 (98.6) 84 (100.0) 42 (100.0) 42 (100.0)

Yes 1 (0.7) 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0)

Tumor deposit (%) 0.28 0.20

No 131 (86.8) 73 (90.1) 58 (82.9) 73 (86.9) 39 (92.9) 34 (81.0)

Yes 20 (13.2) 8 (9.9) 12 (17.1) 11 (13.1) 3 (7.1) 8 (19.0)

Preoperative CEA 0.13 0.70

Mean (SD) 15.85 (32.35) 10.46 (14.43) 22.09 (44.26) 15.65 (35.06) 11.14 (15.02) 20.16 (47.13)

Mean (IQR) 5 (3, 12) 5 (3, 10) 6 (3, 15) 5 (3, 13) 5 (2, 12) 5 (3, 12)

Postoperative CEA 0.02 0.30

Mean (SD) 7.53 (37.74) 6.08 (24.61) 9.22 (48.88) 6.06 (24.19) 9.36 (34.01) 2.76 (2.34)

Mean (IQR) 2.26 (1.30, 3.71) 1.87 (1.22, 3.21) 2.59 (1.78, 4.23) 2.13 (1.13, 3.00) 1.73 (1.02, 3.11) 2.20 (1.29, 2.96)

Preoperative CEA group (%) 0.09 0.66

≥5 75 (49.7) 46 (56.8) 29 (41.4) 43 (51.2) 23 (54.8) 20 (47.6)

<5 76 (50.3) 35 (43.2) 41 (58.6) 41 (48.8) 19 (45.2) 22 (52.4)

Postoperative CEA group (%) 0.05 >0.99

≥5 129 (85.4) 74 (91.4) 55 (78.6) 76 (90.5) 38 (90.5) 38 (90.5)

<5 22 (14.6) 7 (8.6) 15 (21.4) 8 (9.5) 4 (9.5) 4 (9.5)

Death (%) 0.52 >0.99

No 121 (80.1) 67 (82.7) 54 (77.1) 72 (85.7) 36 (85.7) 36 (85.7)

Yes 30 (19.9) 14 (17.3) 16 (22.9) 12 (14.3) 6 (14.3) 6 (14.3)

Recurrence (%) 0.40 0.74

No 124 (82.1) 69 (85.2) 55 (78.6) 74 (88.1) 38 (90.5) 36 (85.7)

Yes 27 (17.9) 12 (14.8) 15 (21.4) 10 (11.9) 4 (9.5) 6 (14.3)

Notes: aData are median (IQR), Mean (SD) or n (%). bP value, using Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test. Bold text in the table indicates P≤0.05. 
Abbreviations: BMI, Body Mass Index; CEA, carcinoembryonic antigen; LR, laparoscopic resection; LVI, lymphovascular invasion; OR, open resection; PNI, perineural invasion.
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of AC, especially for older patients. A previous study reported that selected patients with CRC could derive the same 
benefits from adjuvant fluorouracil-based therapy without significantly increasing toxic effects and supported the 
proposition that even the oldest patients with CRC should consider treatment.10 The result suggests that older patients, 
particularly high-risk patients, could derive a survival benefit from AC to control cancer properly. What’s more, 
clinicians should not hesitate to implement aggressive cancer treatment for older patients in the same manner as they 
would in younger patients.

Our study has the advantage of being relatively large overall, with detailed identification of CRC risk factors when 
collecting data retrospectively. We also used propensity score matching to reduce the effect of confounding factors, 
which improve the accuracy and credibility of the results. At the same time, this study also has some limitations. For one, 
it is a retrospective cohort study and may have some selection bias. More generally, it was a multi-center study, and the 
surgeon determined the types of indications and chemotherapy regimens for AC. Patients may have received differences 
in their treatment regimen, including dose, course and drug combination, which can cause difficulties in the interpretation 
and comparison of the study results. Finally, the number of elderly CRC patients aged 75 years and older is still quite 
limited, which limits the accuracy of the study’s analysis. In summary, although retrospective studies provide useful 
information about the postoperative effects of AC in curative resection for patients aged 75 and older with stage II–III 
CRC, the results need to be further confirmed and validated, typically through more prospective randomized controlled 
trials to obtain more reliable evidence. Physicians should carefully weigh various pieces of evidence and consider 
individualized decision-making based on the specific circumstances of each patient when formulating treatment plans.

Conclusions
In conclusion, we have studied the application of AC after curative resection in patients of different age groups and their 
survival benefits. In the total population and middle-aged group, which has a longer 3-year RFS than patients who did not 
receive AC. In the young group, matching the pre-senior group and the post-matched senior group, AC was not 
associated with 3-year RFS. Patients over the age of 75 with stage I–III CRC receive AC or do not, facing the same 
risk of postoperative recurrence. Therefore, patients aged 75 years and older with stage II–III postoperative AC can 
choose whether to undergo chemotherapy according to their age to reduce unnecessary chemotherapy side effects. 
Moreover, there is potential for further research to examine whether young patients diagnosed with CRC are receiving 
excessive chemotherapy. The objective of such research would be to optimize chemotherapy protocols and prolong the 
survival period for these patients.
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