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have better long-term survival after surgery:
a retrospective study based on propensity score
matching analysis
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Abstract

Background The relationship between postoperative long-term prognosis and age in colorectal cancer patients
remains controversial. The purpose of this study based on a Chinese CRC cohort is to determine the disparity in long-
term survival outcomes between younger and older colorectal cancer (CRC) patients after surgery using a propensity
score matching (PSM).

Methods Data for this study was derived from the CRC cohort of the Database from Colorectal Cancer (DACCA)
at West China Hospital of Sichuan University from January 2007 to September 2022. The long-term prognoses were
compared between younger and older groups.

Results A total of 2374 CRC patients were evaluated in this study, including 1039 older patients and 1335 younger
ones. After 1:1 ratio PSM, each group contained 784 CRC patients. There was no significant difference in baseline
information after PSM (p < 0.05). Multivariate analysis showed that younger age was an independent predictor of bet-
ter overall survival (OS) (p <0.001, HR=1.750, 95% C/=1.407-2.177) and disease-specific survival (DSS) (p < 0.001,
HR=1.718,95% C/=1.369-2.157). In terms of different tumor pathological stages after PSM, in comparison to older
group, younger group had better OS in stage Il (p <0.001), stage Ill (p=0.0085), and stage IV (p=0.0014) and better
DSSin stage Il (p=0.0035), stage lll (p=0.0081), and stage IV (p <0.001).

Conclusion Younger CRC patients have better prognosis than older CRC patients after surgery, especially, and have
better OS and DSS in stages Il, Ill, and IV CRC. Younger CRC patient may gain greater benefit from CRC resection
and combined therapy. As for the cut-off age, it may be determined by a specific model suitable for local patients.
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Introduction

Colorectal cancer (CRC) ranks third in global morbidity
and second in mortality [1]. The International Agency
for Research on Cancer (IARC) estimated that in 2020,
over 1.9 million new CRC cases emerged, with more
than 930,000 CRC-related fatalities [2]. China is home
to approximately one-fifth of the global population.
With the rapid societal development, cancer, like other
chronic diseases, has become a prominent burden on
China’s populace. Statistical analysis reveals that between
1990 and 2015, age-standardized incidence and mortal-
ity rates of CRC in China exhibited an upward trend [3].
In 2020, China’s new CRC cases and fatalities constituted
29.54% and 29.26% of the worldwide totals, respectively
[4, 5]. Furthermore, the incidence of young-onset CRC
(age <50 years) has risen in East Asia, including China,
South Korea, and Japan from 1995 to 2014, suggest-
ing that this trend is not exclusive to Western nations
[6]. The same problem has arisen in India and in South
Asia since 1994 [7]. Treatment and prognosis disparities
among CRC patients of different ages have garnered con-
siderable attention in recent years.

Presently, the prognosis of CRC patients across differ-
ent age groups remains a contentious topic. Some studies
have reported worse outcomes for younger CRC patients
compared to their older counterparts [8, 9], whereas
others have indicated better outcomes for the younger
demographic [10] or comparable survival rates between
the two age groups [11]. These discrepancies may arise
from differing definitions of younger patients across stud-
ies. Some researchers designate patients <50 years old as
younger [12], while others classify those <45 years old as
such [13]. Inconsistent age groupings may lead to incon-
gruous analytical outcomes, rendering a more objective
statistical approach necessary—one that calculates and
adjusts the cut-off age according to the data characteris-
tics of the CRC cohort.

Moreover, due to inherent age differences, younger and
older CRC patients will inevitably exhibit variations in
specific variables, thereby introducing selection bias in
the analysis of long-term prognoses among diverse age
groups. Consequently, propensity score matching (PSM),
a popular methodology in recent years, can be employed
to balance the data between groups, yielding more accu-
rate results in retrospective analyses.

In this study, we analyzed data from a Chinese CRC
cohort by employing grouping and comparison methods
following statistical processing. Our aim was to com-
pare the long-term prognoses of younger and older CRC
patients, examine the disparities in long-term survival
among patients of different ages, and further investi-
gate the most appropriate cut-off age. This study may be
meaningful for exploring the differences in the long-term
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benefits of colorectal cancer resection for patients of dif-
ferent ages and guiding their surgical decisions.

Method

Data source

The data for this study is derived from the CRC cohort
of the Database from Colorectal Cancer (DACCA) at
West China Hospital of Sichuan University. The cohort
is founded on 27 years of data collection. According to
the latest guidelines at that time, CRC patients admitted
to our hospital received diagnosis and treatment, such as
regular surgery, chemotherapy, or/and radiotherapy. Data
extraction was executed prior to data mining and analy-
sis for this study, with information obtained from January
2007 to September 2022 iterations of the cohort.

Inclusion and exclusion criteria

For this study, the inclusion criterion encompassed
patients with a definitive diagnosis of CRC. The exclusion
criteria incorporated patients who did not undergo CRC
resection, patients with non-primary CRC, and patients
with any incomplete prognosis clinical data or any one of
incomplete/missing variables selected for this study. The
inclusion and exclusion process is shown in Fig. 1.

The prognosis clinical data are necessary data to
directly or indirectly generate the variables selected for
analysis in this prognostic study, such as age and fol-
low-up date. Taking into account the needs of research
analysis and the existing data types that can be provided
by DACCA, the variables used in this study were deter-
mined, involving demographics (age, sex, BMI), com-
mon age-related chronic diseases (diabetes mellitus,
hypertension), and tumor pathology (tumor location,
tumor differentiation, tumor pathological stage), treat-
ment (surgical characteristic, adjuvant chemotherapy,
adjuvant radiotherapy), and outcome (survival time, sur-
vival outcome). Survival time (months) was defined as
the duration from the date of surgery to either the end
of follow-up or the date of death and was employed for
the analysis of overall survival (OS) and disease-specific
survival (DSS). For the purposes of study analysis, tumor
locations were classified into two categories: rectum and
colon; surgical characteristics were classified into three
categories: complete resection under the naked eye (R0),
residual cancer under the microscope (R1), and residual
cancer under the naked eye (R2); all kinds of tumor dif-
ferentiation were classified into three categories: high,
medium, and low differentiation.

Age group division

Although converting continuous variables into cat-
egorical variables can lead to reduced statistical power
and potential bias [14], categorization often facilitates
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Fig. 1 Flow chart of inclusion and exclusion

interpretation and application, such as the categorization
of body mass index (BMI) and ages in clinical practice.
In this study, patients were required to be divided into
younger and older groups based on their ages for ana-
lytical purposes. However, existing studies and guidelines
employ varied age divisions. For instance, some guide-
lines advocate initiating screening for CRC from age 50
to 45 years [15, 16]. Given the inconvenience of directly
referencing these divisions, we endeavored to identify
the optimal cut-off point for dividing age groups using a
novel approach.

The Cox proportional hazards regression model is a
widely utilized survival prediction model in medicine
for time-to-event data analysis [17]. Barrio et al. [18]
described a method for classifying continuous predictor
variables by employing this continuous predictor variable
and time-to-event data in a Cox proportional hazards
regression model to ascertain the optimal cut-off point.
This method was implemented using the R function cat-
predi.survival. Consequently, we employed R (version
4.2.2) and the R function catpredi.survival in the R pack-
age CatPredi to determine the best cut-off age for OS and
DSS outcome classifications, subsequently dividing age
groups accordingly.

PSM

Propensity score methods serve to mitigate or eradicate
the influence of confounding variables when utilizing
observational data, with PSM being one such method
[19]. As a retrospective study, it is impossible to entirely
eliminate the effects of confounding factor imbalances
among varied control groups by randomizing subjects,
as would be the case in a randomized controlled trial.
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No surgery date (n=5,440)

Non-primary CRC (n=472)

Incomplete prognosis clinical data or
incomplete/missing variables (n=5,182)

Failure to address the imbalance of confounding factors
will inevitably result in increased bias, ultimately com-
promising the validity of the study outcomes. In order
to minimize these effects, we employed PSM to match
the younger and older groups. Matching was executed
based on confounding variables, encompassing sex, BMI,
diabetes mellitus, hypertension, tumor location, tumor
differentiation, tumor pathological stage, surgical char-
acteristic, adjuvant chemotherapy, and adjuvant radio-
therapy. The relevant procedures were implemented in
R (version 4.2.2). Utilizing the function matchit in R and
setting the clamp value at 0.03, we experimented with
various matching ratios and determined the optimal
ratio. Subsequently, the balance of the matched results
was tested. A comparison of the baseline information
between the younger and older groups was conducted
before and after PSM.

Statistical analysis

Before and after PSM, to ascertain differences in baseline
characteristics between the younger and older cohorts,
median tests were employed for BMI and age in both
groups; chi-square tests were executed for additional
variables, including sex, tumor location, tumor differ-
entiation, tumor pathological stage, diabetes mellitus,
hypertension, surgical characteristic, adjuvant chemo-
therapy, and adjuvant radiotherapy in both groups. A
bilateral P-value of<0.05 signified a statistically signifi-
cant difference between the younger and older groups.
After PSM, a univariate Cox regression analysis with
age group as the independent variable, and a multivari-
ate Cox regression analysis with age group and matched
variables as independent variables, were conducted to
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identify independent predictors of better OS and DSS,
which could evaluate the effect of age on the risk of post-
operative mortality in CRC patients. After PSM, Kaplan—
Meier curves were contrasted using log-rank tests for OS
and DSS of different age groups, as well as for OS and
DSS of different age groups in varied tumor pathological
stages. Z-tests were employed for the comparison of OS
and DSS across age groups at each time point. Bilateral
P-values of<0.05 were deemed statistically significant.
The relevant procedures were implemented in R (version
4.2.2) or Statistical Product and Service Solutions (SPSS,
version 26).

Results

Patients

In accordance with the established inclusion criteria,
the CRC cohort provided a total of 13,468 data entries.
Subsequently, the exclusion criteria were applied, result-
ing in the elimination of 5440 patients without recorded
surgery dates, 472 patients with non-primary CRC, and
5182 patients with missing data in any of the inclusive
parameters. Ultimately, a dataset consisting of 2374
patients was retained for subsequent analysis. See Fig. 1
for details.

Age groups

Utilizing R obtained the optimal cut-off age which ascer-
tained via the function catpredi.survival for OS and DSS
outcome classifications, respectively. The derived optimal
cut-off age for both classifications was 62.29 (retained
two decimal places) years old. Consequently, the CRC
patients were divided into a younger group (n=1335)
and an older group (n=1039).

PSM

PSM was employed to compare the younger group
(n=1335) and older group (#=1039). Due to the pres-
ence of at least one statistically significant disparity fol-
lowing matching when the ratio exceeded 1, PSM was
executed with a matching ratio of 1:1. The PSM results
successfully passed the balance test, culminating in the
formation of revised younger group (n="784) and older
group (n=784).

Baseline characteristics of the younger and older CRC
patient groups were compared before and after PSM.
Before PSM, the younger group exhibited significant dif-
ferences in diabetes mellitus (p<0.001), hypertension
(p<0.001), tumor location (p=0.028), tumor differen-
tiation (p=0.047), adjuvant chemotherapy (p<0.001),
and adjuvant radiotherapy (p=0.009). After PSM, both
groups comprised 784 patients, and no significant differ-
ences in baseline characteristic were observed (p>0.05)
(Table 1).
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Univariate and multivariate analysis of OS and DSS

In this study, regarding OS, older age (p<0.001,
HR=1.750, 95% CI=1.407-2.177), lower tumor differ-
entiation (p<0.001, HR=1.463, 95% CI=1.174-1.821),
more advanced pathological stage (»p<0.001, HR=1.827,
95% CI=1.579-2.114), and poorer surgical characteristic
(p<0.001, HR=1.609, 95% CI=1.412-1.834) emerged as
independent risk factors for OS (Table 2).

Pertaining to DSS, older age (p <0.001, HR=1.718, 95%
CI=1.369-2.157), lower tumor differentiation (p <0.001,
HR=1.522, 95% CI=1.211-1.913), more advanced
tumor pathological stage (p<0.001, HR=2.071, 95%
CI=1.762-2.434), and poorer surgical characteristic
(p<0.001, HR=1.578,95% CI=1.382-1.801) were identi-
fied as independent risk factors for DSS (Table 3).

Differences in survival by age group
After PSM, the younger group had better OS com-
pared to the older group (Fig. 2). Regarding OS at var-
ied time points, the younger group had better 1-year OS
(p=0.034), 3-year OS (p=0.039), 5-year OS (p<0.001),
and 10-year OS (p=0.035) relative to the older group. In
terms of OS in different tumor pathological stages, the
younger group had better OS in stage II (»p<0.001), stage
III (p=0.0085), and stage IV (p =0.0014) compared to the
older group (Fig. 3). For stage II CRC, the younger group
had better 3-year OS (p=0.031), 5-year OS (p=0.002),
and 10-year OS (p < 0.001); for stage III CRC, the younger
group had better 1-year OS (p=0.029); and for stage IV
CRC, the younger group had better 5-year OS (p=0.001).
After PSM, the younger group had better DSS com-
pared to the older group (Fig. 2). Regarding DSS at var-
ied time points, the younger group had better 1-year DSS
(p=0.024) and 5-year DSS (p <0.001) relative to the older
group. For DSS in different tumor pathological stages,
the younger group had better DSS in stage II (p=0.0035),
stage III (p=0.0081), and stage IV (p<0.001) compared
to the older group (Fig. 4). For stage II CRC, the younger
group had better 5-year DSS (p=0.036) and 10-year DSS
(p=0.002); for stage III CRC, the younger group had
better 1-year DSS (p=0.022); and for stage IV CRC, the
younger group had better 5-year DSS (p=0.001).

Discussion

This is a study based on a large CRC database from West
China Hospital of Sichuan University, covering people
from all over China, so the sample has good regional
representativeness. For the samples obtained after strict
inclusion and exclusion, we used an algorithm based on
the Cox proportional hazards regression model to group
age, and on this basis, we analyzed the difference in post-
operative prognosis between young and older patients.
To our knowledge, this is the first attempt in this field.
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Table 1 Baseline characteristics before and after PSM
Characteristics Before PSM After PSM
Younger (1335) Older (1039) p-value Younger (784) Older (784) p-value
Age (year) 52 (46.58) 69 (66.74) <0.001* 53 (46.59) 69 (65.74) <0.001*
Sex 0.191 0.757
Male 756 (56.6) 617 (59.4) 472 (60.2) 465 (59.3)
Female 579 (43.4) 422 (40.6) 312(39.8) 319 (40.7)
BMI (kg/m?) 23.1 (204, 25.0) 227 (204, 24.6) 0.710 226(203,25.0) 226(20.2,24.8) 0.960
Diabetes mellitus 177 (13.3) 263 (25.3) <0.001* 135(17.2) 144 (18.4) 0.597
Hypertension 253 (19.0) 488 (47.0) <0.001* 243 (31.0) 240 (30.6) 0913
Tumor location 0.028* 0.950
Colon 1082 (81.0) 803 (77.3) 625(79.7) 623 (79.5)
Rectum 253(19.0) 236 (22.7) 159 (20.3) 161 (20.5)
Tumor differentiation 0.047* 0.975
Low 392 (29.4) 259 (24.9) 205 (26.1) 207 (26.4)
Medium 924 (69.2) 761 (73.2) 566 (72.2) 565 (72.1)
High 19(1.4) 19(1.8) 13(1.7) 12(1.5)
Tumor pathological stage 0.359 0.728
0 ( 7) 6 (0.6) 7(0.9) 4(0.5)
| 6(11.7) 120(11.5) 84(10.7) 87(11.1)
1l 361 (27.0) 286 (27.5) 213(27.2) 226 (28.8)
11l 408 (30.6) 282 (27.1) 228(29.1) 210 (26.8)
v 401 (30.0) 345 (33.2) 252 (32.1) 257 (32.8)
Surgical characteristic 0.075 0430
R2 182 (13.6) 126 (12.1) 95 (12.1) 108 (13.8)
R1 57 (4.3) 29 (2.8) 25(3.2) 19 (24)
RO 1096 (82.1) 884 (85.1) 664 (84.7) 657 (83.8)
Adjuvant chemotherapy 419 (314) 224 (21.6) <0.001* 191 (24.4) 183 (23.3) 0678
Adjuvant radiotherapy 37 (2.8) 12(1.2) 0.009* 8(1.0) 10(1.3) 0.813

Continuous variables do not conform to a normal distribution and are expressed as median (lower quartile, upper quartile); categorical variables are expressed as n

(%)
" P-value <0.05

Table 2 Univariate and multivariate analysis of OS

Risk factors

Univariate analysis

Multivariate analysis

HR (95% Cl) p-value HR (95% CI) p-value
Age (older/younger) 1.596 (1.286, 1.982) <0.001* 1.750 (1.407,2.177) <0.001*
Sex (male/female) 1.283(1.028,1.602) 0.028* 1.093 (0.872,1.370) 0440
BMI 0.977 (0.945,1.010) 0.167 0.970 (0.940, 1.004) 0.080
Diabetes mellitus (yes/no) 1.270 (0.969, 1.665) 0.084 0.985 (0.732,1.326) 0922
Hypertension (yes/no) 1.148 (0.902, 1.460) 0.261 87(0.909, 1.551) 0.208
Tumor location (rectum/colon) 1.044 (0.796, 1 371) 0.754 44 (0.868, 1.508) 0.341
Tumor differentiation (low/medium/high) 2.234(1.814,2.751) <0.001* 1463 (1.174,1.821) <0.001*
Tumor pathological stage (0/1/11/111/1V) 2.203 (1.924,2.523) <0.001* 1.827(1.579,2.114) <0.001*
Surgical characteristic (R2/R1/R0) 2.140 (1.908, 2.400) <0.001* 1.609 (1412, 1.834) <0.001*
Adjuvant chemotherapy (yes/no) 1.190 (0.910, 1.557) 0.204 0.889 (0.665, 1.190) 0.429
Adjuvant radiotherapy (yes/no) 2.301(1.087,4.874) 0.030* 0912 (0416, 1 997) 0.818

" P-value <0.05
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Table 3 Univariate and multivariate analysis of DSS
Risk factors Univariate analysis Multivariate analysis

HR (95% Cl) p-value HR (95% Cl) p-value
Age (older/younger) 1.540 (1.229, 1.929) <0.001* 8(1.369, 2.157) <0.001*
Sex (male/female) 1.249 (0.992, 1.573) 0.059 1.041 (0.823,1.318) 0.736
BMI 0.987 (0.954, 1.021) 0451 0.982 (0.947,1.017) 0.307
Diabetes mellitus (yes/no) 1.228 (0.923, 1.635) 0.159 0.934 (0.684, 1.276) 0.668
Hypertension (yes/no) 1.106 (0.858, 1 425) 0437 1.078 (0.808, 1.438) 0.384
Tumor location (rectum/colon) 0.996 (0.753,1.318) 0.978 03 (0.829, 1.467) 0.502
Tumor differentiation (low/medium/high) 2.392(1.924,2.973) <0.001* 1.522(1.211,1.913) <0.001*
Tumor pathological stage (0/I/11/111/IV) 2.538(2.182,2.952) <0.001* 2.071(1.762,2434) <0.001*
Surgical characteristic (R2/R1/R0) 2.236(1.986,2.517) <0.001* 1.578(1.382,1.801) <0.001*
Adjuvant chemotherapy (yes/no) 1.298 (0.986, 1.708) 0.063 0.974(0.723,1.312) 0.862
Adjuvant radiotherapy (yes/no) 2.521(1.189, 5.344) 0.016* 0.923(0.420, 2.025) 0.841

" P-value <0.05

age =t Younger ~+* Older

1.00

0.50

Survival probability

p <0.0001

12 24 36 48 60 72 84 96 108 120 132

Number at risk

age

d
Fig. 2 OS and DSS curves of different age groups. a OS curve. b DSS curve

An aggregate of 2374 patients was encompassed
within this study, including 1335 in the younger cohort
and 1039 in the older cohort. After PSM, 784 patients
from each group were enrolled at a 1:1 ratio. No signifi-
cant differences were observed in the baseline data after
PSM implementation. The multivariate analysis results
revealed that older age was an independent risk factor for
both OS and DSS. Overall OS and DSS were better in the
younger group compared to the older group after PSM.
In different tumor pathological stages after PSM, both
OS and DSS were better in the younger group than in the
older group for stages II, III, and IV CRC. The majority

age =+ Younger ~k- Older

0.501

Survival probability

p =0.00016

0.001

0 12 24 36 48 120 132

Number at risk

age

120 132 144

of OS and DSS at each time point in the younger group
were better than those of the older group when compar-
ing different age groups.

The effect of age on long-term survival in CRC patients
remains a contentious issue. Zhao et al. [8] reported that
younger age constitutes an independent risk factor for
OS and DSS, with older patients demonstrating better OS
and DSS outcomes. In addition, several studies reported
no significant differences in OS or DSS between younger
and older groups [20-22]. Nakayama et al. [10] proposed
that younger patients exhibit equivalent or improved
prognoses compared to their older counterparts. Wang
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Fig. 3 OS curves of different age groups in different tumor pathological stages. a Stage I. b Stage II. ¢ Stage lll. d Stage IV

et al. [23] reported that younger patients display better
DSS. Liu et al. [24] reported that older age constitutes
an independent risk factor for OS, with younger patients
exhibiting better OS.

It is crucial to recognize that disparate methods of
dividing age groups may impact the results when com-
paring the prognoses of younger and older patients. Pre-
vious studies have employed different cut-off ages, such
as 35, 40, 44, 45, and 50 years old, frequently consulting

established guidelines [8, 10, 20-24]. Notably, 50 and
45 years old are often selected as the cut-off ages, at
which the American Cancer Society (ACS) recom-
mends CRC screening [12]. These are based on United
States-centric models, whereas some others have been
developed globally [25, 26], rendering it potentially inap-
propriate to directly adopt cut-off ages from specific
previous studies or guidelines. In the present study, uti-
lizing the optimal cut-off age determined by the Cox
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proportional hazards regression model for age group
division, based on the incorporated patient data, might
be more suitable. The discovery of improved long-term
survival in younger CRC patients under this age group
division, which was inconsistent with our clinical obser-
vation that young patients with colorectal cancer may
have a worse prognosis, may offer novel insights for fur-
ther elucidating the association between age and prog-
nosis in CRC patients. We may consider whether more

intensive comprehensive treatments can bring better
long-term prognosis to young patients with colorectal
cancer. At the same time, suggestions can also be made
for adjusting treatment plans for elderly patients.

For treatment, this may suggest that younger CRC
patients may benefit better from CRC resection with pre-
operative and postoperative treatment in longer treat-
ment cycles and higher intensity. Therefore, young CRC
patients should have a more open attitude toward CRC
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resection. As for the specific age dividing line, perhaps it
should be determined in a way that is suitable for local
patients. Through an algorithm, we obtained a cut-off
age, which might provide partial reference for surgical
decision-making for patients of different ages, but its
representativeness need to be confirmed by studies with
larger samples and in more centers.

What needs to be clarified is that even so, the surgical
benefits of older CRC patients should not be completely
ignored. Turri et al. [27] thought that the preoperative
identification of risk factors for low OS may help the
selection of those old patients who may benefit from
curative CRC surgery. Willemsen et al. [28] found that a
considerable number of octogenarian colorectal cancer
patients can still achieve 5-year survival after surgery.
Perhaps we can also refer to the postoperative manage-
ment of gastric cancer found by Qiu et al. [29], that is,
to develop personalized follow-up strategies according to
age and postoperative time, in order to detect recurrence
as early as possible and decide on further treatment, so as
to control DSS in old CRC patients.

Previous studies on the relationship between age and
prognosis in CRC patients in particular tumor patho-
logical stages have revealed analogous yet not identical
results compared to the current study [23, 24]. These
findings, on one hand, suggested that younger patients
are inclined to exhibit better prognosis than older
patients across various tumor pathological stages and, on
the other hand, suggested that tumor pathological stage
may be a critical independent predictor of prognosis in
CRC patients. In fact, the multivariate analysis in this
study indicated that tumor pathological stage was the
largest independent predictor of OS, barring age, and the
primary independent predictor of DSS. Consequently, it
would be worthwhile to further explore the association
between age and prognosis in CRC patients across differ-
ent tumor pathological stages.

The multivariate analysis in this study revealed that
besides the two most crucial factors—age and tumor
pathological stage—tumor differentiation and surgi-
cal characteristic also function as independent predic-
tors of both OS and DSS. Tumor stage remains the most
pivotal prognostic factor in CRC; more advanced tumor
stages and inferior morphological factors, such as lower
tumor differentiation, typically signify poorer prognoses
[30]. Poorer surgical characteristic entail greater residual
tumor presence, resulting in more restricted improve-
ments in tumor morphology, which may contribute to
less favorable prognoses.

Regarding the elucidation of the relationship between
age and prognosis in CRC patients in this study, the evi-
dence remains circumscribed. In comparison to younger
CRC patients, older CRC patients tend to exhibit
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concomitant diseases, such as chronic conditions, and
older patients with concomitant diseases may be asso-
ciated with inferior OS outcomes [31]. For early-onset
CRC, despite enhanced treatment adherence and ele-
vated treatment intensity in younger patients, disease
biology is more unfavorable, characterized by advanced
tumor stages, lower cell differentiation, and heightened
prevalence of signet-ring cell carcinoma [32, 33]. How-
ever, younger people make up only a small proportion
of CRC patients. Therefore, on a population basis, their
prognosis may be more favorable than their older coun-
terparts when controlling for disease, patient, and treat-
ment factors [34]. It is well known that older patients are
less tolerant of chemotherapy, which may also not condu-
cive to prognosis. Furthermore, it is imperative to study
whether additional age-related factors may influence the
prognosis of CRC patients. There may be many reasons
why the prognosis of young colorectal cancer patients is
better than old ones, including nonspecific and specific
reasons and direct and indirect reasons.

Conclusion

The study revealed that, in comparison to their older
counterparts, younger CRC patients may exhibit better
long-term survival outcomes after surgery, particularly
better OS and DSS for stages 11, III, and IV CRC. There-
fore, younger CRC patient may gain greater benefit from
CRC resection and combined therapy. As for the cut-off
age, it may be determined by a specific model suitable for
local patients. Nonetheless, to substantiate these find-
ings, it is imperative to conduct a multicenter cohort
encompassing a more expansive sample size. Moreover,
it is essential to undertake interventional studies to ascer-
tain whether potential factors could ameliorate the long-
term prognosis of older CRC patients.
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