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Background. Early-onset colorectal cancer (EOCRC) is increasing world-
wide and is increasingly recognized as a distinct clinical entity. This study
evaluated clinicopathological characteristics and survival outcomes of
colorectal cancer (CRC) patients aged £ 45 years compared with those
aged > 45 years in Taiwan.

Methods. We retrospectively analyzed 6,909 patients with stage 0-1V
CRC who underwent curative-intent surgery between 2011 and 2017 us-
ing the Chang Gung Research Database. Patients were stratified into two
age groups (< 45 vs. > 45 years). Clinicopathological features, laboratory
parameters, treatment patterns, overall survival (OS), and disease-free
survival (DFS) were compared. Survival analyses were performed using
the Kaplan-Meier method.

Results. Of the included patients, 526 (7.6%) were aged < 45 years. Youn-
ger patients more frequently presented with aggressive histological sub-
types, including mucinous adenocarcinoma and signet-ring cell carci-
noma, as well as larger tumors, distal tumor location, and advanced-stage
disease. Chemotherapy and neoadjuvant treatment were administered more
frequently in younger patients. Elevated inflammatory markers, including
white blood cell count, platelet count, and neutrophil-to-lymphocyte ratio,
were also observed in the younger cohort. Despite presenting with more
advanced disease, younger patients demonstrated significantly better 5-
year OS and DFS in stage II and III disease. However, patients with stage
IV EOCRC showed inferior DFS and poorer long-term survival compared
with older patients.

Conclusion. EOCRC demonstrates distinct clinicopathological character-
istics and survival patterns compared with later-onset CRC. Although
younger patients often present with aggressive pathological features, sur-
vival outcomes in non-metastatic disease remain favorable, likely due to
better treatment tolerance. Earlier screening and individualized treatment
strategies are warranted for this growing patient population.

[J Soc Colon Rectal Surgeon (Taiwan) 2026,37:181-190]

Colorectal cancer (CRC) remains a significant  second most common malignancy and third leading
public health concern, with incidence and mor-  cause of cancer-related mortality. Recognizing the in-
tality rates increasing globally. In Taiwan, CRC is the = creasing trend in CRC diagnoses in younger popula-
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tions, the Ministry of Health and Welfare adjusted its
screening guidelines in 2024, lowering the recom-
mended age for fecal occult blood testing to 45-74
years for the general population and 40-44 years for
individuals with a family history of CRC.'

According to the cancer registry data from the
Ministry of Health and Welfare, the age-standardized
incidence rate of CRC increased from 22.9 per 100,000
individuals in 1995 to 42.9 per 100,000 in 2019, re-
presenting an 87.3% increase. The number of newly
diagnosed cases has surpassed 17,000 annually. Con-
currently, the age-standardized mortality rate increased
from 13.3 per 100,000 in 1995 to 14.6 per 100,000 in
2020, reflecting a 9.8% increase. These data highlight
the growing burden of CRC and need for improved
early detection strategies.

Emerging evidence suggests that younger CRC
patients are more likely to present with lymph node-
positive disease than older CRC patients.>* Popula-
tion-based studies have demonstrated a higher preva-
lence of lymph node involvement in younger colo-
rectal cancer patients. Similarly, a recent study on rec-
tal cancer found that patients aged under 50 years had
a higher likelihood of lymph node positivity and a
greater number of positive lymph nodes even after ad-
justing for the number of lymph nodes examined and
other confounding factors.* These findings suggest
that younger CRC patients may have distinct tumor
biology, warranting further investigation.

This study aimed to evaluate the association be-
tween age at diagnosis and clinicopathological cha-
racteristics, use of adjuvant chemotherapy, disease-
free survival (DFS), and overall survival (OS) in pa-
tients with stage 0-IV CRC who underwent curative
resection at Chang Gung Memorial Hospital. By ana-
lyzing these factors, we sought to improve the under-
standing of age-related differences in CRC.

Methods
Data source

We conducted a retrospective analysis from the
data retrieved from the Chang Gung Research Data-

base (CGRD), a dataset derived from the electronic
medical records of Chang Gung Memorial Hospital
(CGMH). The CGMH system consists of two medical
centers, two regional hospitals, and three district hos-
pitals, and is the largest hospital system in Taiwan.
According to a cancer registry report from the Taiwan
Ministry of Health and Welfare, CGMH provides ap-
proximately 14% of the healthcare services for Tai-
wan’s cancer population.’ The CGRD is de-identified
and is systematically updated annually with new data
generated by CGMH. It contains clinical epidemio-
logical, laboratory test, inpatient and outpatient, em-
ergency healthcare, pathological report, disease cate-
gory, surgery, and cancer registry data.’

Study population

Patients diagnosed with stage 0-IV CRC who were
treated surgically with curative attempt from January
2011 to October 2017 were enrolled in this study. Pa-
tients who lacked complete blood cell count data with-
in 1 week prior to the operation were excluded.

Covariates

The baseline variables considered in the analyses
included patient age, sex, tumor location, white blood
cell (WBC) count, lymphocyte count, neutrophil count,
hemoglobin level, neutrophil-to-lymphocyte ratio
(NLR), platelet count, serum albumin level, and se-
rum carcinoembryonic antigen (CEA) level.

Patients with International Classification of Dis-
eases for Oncology morphology codes mostly com-
monly consistent with colorectal cancer (adenocarcin-
oma NOS (8140), papillary adenocarcinoma (8260),
adenocarcinoma in adenomatous polyp (8261), mu-
cinous adenocarcinoma (8480), carcinoid tumor (8240),
and signet-ring cell adenocarcinoma (8490)) were in-
cluded in the analysis.

We also collected data on health-related behav-
iors, including alcohol consumption, betel nut chew-
ing, and cigarette smoking. The American Joint Com-
mittee on Cancer (AJCC) stages were originally coded
in the database according to the 6th, 7th, or 8th AJCC
edition, depending on the date of diagnosis. Related
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data were all transformed to staging according to the
8th AJCC edition to maintain consistency for the pur-
pose of this study.

Outcomes

Our primary outcomes were DFS and OS of pa-
tients diagnosed with all stages of CRC who had under-
gone curative surgical resection of the primary tumor.

Statistics

Descriptive statistics were calculated for patient
demographics, tumor characteristics, and outcomes
using the chi-squared test, Wilcoxon rank-sum test, or
ANOVA as appropriate, based on age grouping. Con-
tinuous variables were reported as medians with inter-
quartile ranges. OS and DFS were calculated at 5
years using the Kaplan-Meier method. SPSS Statistics
version 26.0 (IBM) and MedCalc 23 were used for the
statistical analyses. Statistical significance was set at
p<0.05.

Results

A total of 6909 patients with colorectal cancer (in-

cluding colon, rectal, and anal cancers) identified
from 2011 to 2017 were included in the analysis. Fig.
1 illustrates the age distribution of colorectal cancer
patients during the study period. Of the included pa-
tients, 526 were 45 years and younger of age and 6383
were above 45 years of age. Table 1 compares patient
demographics and tumor characteristics between pa-
tients aged < 45 years and those aged > 45 years. There
was a significantly higher proportion of female pa-
tients in the younger group cohort than those > 45
years old (54.0% vs. 41.9%, p <0.001). Patients who
were < 45 years of age had higher incidence of mu-
cinous adenocarcinoma (8.4% vs. 4.9%), carcinoid tu-
mor (3.2% vs. 0.4%), and signet ring cell carcinoma

Frequency

0-10 11-20 21-30  31-40  41-50 51-60 61-70  71-80 81-90 91+

Age
Fig. 1. Age distribution of colorectal cancer patients.

Table 1. Demographics and tumor characteristics of patients < 45 years and > 45 years of age

age <45 n=>526 age>45  n=6383 p value
Age 38.74 66.51 .000
Sex .000
Male 242 46.0% 3707 58.1%
Female 284 54.0% 2676 41.9%
BMI .034
<18.5 41 7.8% 349 5.5%
>18.5 462 87.8% 5654 88.6%
Unknown 23 4.4% 380 6.0%
BMI 23.84 24.19 .000
Smoking 486
Yes 148 71.3% 1891 69.4%
No 375 28.1% 4430 29.6%
Unknown 3 0.6% 62 1.0%
Alcohol 230
Yes 106 20.2% 1443 22.6%
No 418 79.5% 4889 76.6%
Unknown 2 0.4% 51 0.8%
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Table 1. Continued

age <45 n =526 age > 45 n= 6383 p value
Betel nuts 401
Yes 47 8.9% 533 8.4%
No 477 90.7% 5791 90.7%
Unknown 2 0.4% 59 0.9%
Tumor histology .000
Adenocarcinoma 413 78.5% 5123 80.3%
Papillary adenocarcinoma 18 3.4% 610 9.6%
Mucinous adenocarcinoma 44 8.4% 310 4.9%
Adenocarcinoma in adenomatous polyp 6 1.1% 205 3.2%
Carcinoid tumor 17 3.2% 24 0.4%
Signet ring cell carcinoma 11 2.1% 28 0.4%
Others 17 3.2% 83 1.3%
Tumor size .000
<5cm 245 46.6% 3571 55.9%
>5cm 220 41.8% 2101 32.9%
Other 61 11.6% 711 11.1%
Tumor .000
Right side 118 22.4% 1796 28.1%
Left side 189 35.9% 2283 35.8%
Rectum and anus 213 40.5% 2294 35.9%
Unknown 6 1.1% 10 0.2%
Obstruction .000
Yes 179 34.0% 1731 27.1%
No 316 60.1% 4442 69.6%
Unknown 31 5.9% 210 3.3%
Perforation .001
Yes 31 5.9% 270 4.2%
No 464 88.2% 5903 92.5%
Unknown 31 5.9% 210 3.3%
KRAS gene mutation .000
Yes 39 7.4% 354 5.5%
No 70 13.3% 477 7.5%
Unknown 417 79.3% 5552 87.0%
Chemotherapy .000
Yes 308 58.6% 2815 44.1%
No 159 30.2% 3237 50.7%
Neoadjuvent 59 11.2% 331 5.2%
Stage .000
0 22 4.2% 564 8.8%
I 80 15.2% 1363 21.4%
11 117 22.2% 1638 25.7%
I 178 33.8% 1957 30.7%
v 129 24.5% 861 13.5%
WBC (10°/uL) 7.81 7.5096 8.1019 7.37 7.2912 7.4392 .000
Neutrophile (10*/uL) 66.13 65.1742 67.0855 66.01 64.7428 65.2862 .000
Lymphcyte (10*/uL) 24.62 23.7630 25.4868 25.54 25.2944 25.785 .000
NLR 3.91 3.4999 43154 3.83 3.6806 3.98797  .000
Hb (g/dL) 12.29 12.1014 12.4880 12.27 12.2146 12.3162 .000
Platelet (10*/uL) 305.88 297.1748  314.5931 250.12 2479134  252.328 .000
Albumin (g/dL) 4.21 4.1559 4.2556 3.98 3.9848 3.9947 .000

CEA (ng/mL) 33.60 18.5866 48.6122 34.03 20.6217 47.2833 .000
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(2.1% vs. 0.4%); higher incidence of tumor size above
5 cm (41.8% vs. 32.9%); more rectal and anal tumors
(40.5% vs. 35.9%); more tumor obstruction (34.0%
vs. 27.1%); more advanced disease (stage III 33.8%
vs. 30.7%, stage IV 24.5% vs. 13.5%); and higher pro-
portion receiving chemotherapy (58.6% vs. 44.1%)
and neoadjuvant chemotherapy (11.2% vs. 5.2%), than
those > 45 years of age. In our analysis comparing
laboratory parameters between CRC patients aged <
45 and > 45 years, younger patients exhibited signifi-
cantly higher levels of WBCs, neutrophils, platelet
counts, albumin, and CEA (all p < 0.001). The NLR
was slightly elevated in the younger patients, reflect-
ing a distinct inflammatory profile.

Figs. 2a-2f presents the Kaplan-Meier survival
curves stratified by stage. At 5 years, patients < 45
years of age exhibited significantly better survival
than those over 45 years old in stages 0-II1, with the
differences reaching statistical significance in stages
IT and III. By contrast, younger patients with stage IV
disease had poorer survival. Moreover, the two age
groups showed comparable long-term OS when all
stages were considered together.

Patients over 45 years old had higher DFS than
those under 45 years old at 5 years follow-up. Patients
under 45 years old had a higher DFS rate than those
over 45 years old when stratified into stages 0 to III,
and there was a statistically significant difference at
stage II and III (Figs. 3a-3d). However, there was a
magnificent decrease in the DFS rate of patients under
45 years old at stage IV, which was even lower than
that of patients over 45 years old (Figs. 3e, 3f).

Discussion

CRC in young adults has emerged as a distinct
clinical and biological entity, with an increasing num-
ber of studies underscoring the need to re-evaluate
current diagnostic, therapeutic, and screening para-
digms. Our analysis of 6,909 patients who underwent
curative surgery for CRC from 2011 to 2017 provides
significant insights into age-related disparities in clin-
ical presentation, pathological features, treatment re-
sponse, and survival outcomes. Particularly, we focused

on patients aged < 45 versus > 45 years, revealing
nuanced and important differences that align with grow-
ing global concerns about early-onset CRC (EOCRC).

Young patients (< 45 years) comprised 7.6% of
our cohort, a proportion consistent with both Taiwan-
ese and international epidemiological data, which has
documented an increasing incidence in this subgroup.
This age group had a significantly higher proportion
of female patients (54.0% vs. 41.9%, p <0.001), sug-
gesting potential sex-related differences in suscepti-
bility or disease biology.

Biological markers were further distinguished be-
tween the two age groups. Younger patients had higher
NLRs, platelet counts, and albumin levels, suggesting
a distinct inflammatory and nutritional profile at the
time of diagnosis. The NLR, a known prognostic bio-
marker in several malignancies, including CRC, re-
flects systemic inflammation and is associated with
tumor aggressiveness and poor outcomes when ele-
vated.” However, in our cohort, the slightly higher
NLR in younger patients (3.91 vs. 3.83, p<0.001) did
not translate into inferior early-stage outcomes, po-
tentially because of their robust response to therapy.

Anatomical tumor distribution demonstrated no-
table age-related differences in our cohort. Younger
patients more frequently exhibited tumors in distal lo-
cations, particularly the rectum and anus (40.5% vs.
35.9%, p < 0.001), compared to their older counter-
parts. This observation suggests a possible etiologic
heterogeneity in tumor development across age groups.
Supporting this hypothesis, Stoffel et al. reviewed the
distinct clinical, pathological, and molecular features
of early-onset colorectal cancer (CRC), highlighting a
predominance of distal lesions and unique tumor bio-
logy in younger patients, including variations in Wnt
signaling and lower prevalence of BRAF mutations.®
These differences not only underscore potential dis-
parities in carcinogenic pathways between age groups
but also have practical implications for screening st-
rategies. Specifically, the anatomical predilection for
distal tumors in younger patients may affect the diag-
nostic yield of screening modalities, such as colono-
scopy versus sigmoidoscopy, and warrants further con-
sideration in the design of age-appropriate CRC de-
tection programs.
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From a histopathological standpoint, younger CRC
patients demonstrated more aggressive tumor profiles,
as evidenced by the increased prevalence of mucinous
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Fig. 2. Kaplan Meier overall survival analysis by stage.

adenocarcinoma (8.4% vs. 4.9%), signet ring cell car-
cinoma (2.1% vs. 0.4%), and carcinoid tumors (3.2%
vs. 0.4%). These subtypes are generally associated
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Fig. 3. Kaplan Meier disease free survival analysis by stage, between patients 45 and > 45 years of age, with colorectal can-
cer.

with poor differentiation, lymphovascular invasion,
and a higher likelihood of metastasis. Such tumor bi-

ology may explain the significantly greater proportion
of younger patients with stage [V disease (24.5% vs.
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13.5%, p <0.001), despite their overall better physio-
logical baseline. Wang et al. and Meyer et al. con-
firmed that young patients were more likely to present
with lymph node positivity, peritoneal spread, and un-
favorable histology, even after adjusting for other cli-
nical factors.”!°

Although younger patients were more likely to
present with advanced and symptomatic disease, their
OS in the stage-stratified analysis revealed superior
outcomes in stages II (p < 0.001) and III (p = 0.021)
and a favorable trend in stage I (p = 0.055) compared
with that of patients aged over 45 years.? This survival
advantage may be attributed to multiple factors, in-
cluding better baseline performance status, fewer co-
morbidities, and a higher likelihood of receiving mul-
timodal therapy.'' Notably, chemotherapy and neoad-
juvant therapy were significantly more common in the
younger cohort (58.6% vs. 44.1% and 11.2% vs. 5.2%,
respectively, p <0.001).

In stage IV patients, the OS curves between the
two age cohorts began to diverge significantly around
the 33-month mark (Fig. 2¢), whereas the DFS curves
did not show a comparable inflection (Fig. 3e). This
discrepancy suggests potential differences in disease
course or post-progression survival between younger
and older patients. Despite their generally better per-
formance status and tolerance to therapy, younger pa-
tients may harbor tumors with more aggressive mo-
lecular characteristics, leading to poorer long-term
outcomes once treatment resistance develops. In con-
trast, older patients may experience a more indolent
disease course, resulting in relatively stable survival
despite advanced disease. Interestingly, the DFS pat-
terns revealed a more nuanced scenario: although no
overall DFS difference was observed (p = 0.669),
younger patients had significantly better DFS in stage
II (p < 0.001) and stage III (p = 0.006), suggesting
more effective disease control in intermediate stages.
Paradoxically, younger patients with stage [V disease
showed worse DFS outcomes, reinforcing the hypo-
thesis of more aggressive tumor biology or therapeu-
tic resistance in advanced disease. These findings are
consistent with those of Akinkuotu et al., who re-
ported inferior survival in younger patients with meta-
static CRC despite intensive treatment,'? highlighting

the importance of a biology-driven, individualized ap-
proach in managing early-onset metastatic CRC.

At the molecular level, young-onset CRC is in-
creasingly being recognized as a genomically distinct
disease. A higher prevalence of KRAS mutations was
observed among younger patients (7.4% vs. 5.5%, p <
0.001), although much of the molecular data remain
incomplete owing to limitations in the available geno-
mic profiling. EOCRC:s are less likely to harbor BRAF
mutations and more likely to exhibit Wnt pathway ac-
tivation and COMP overexpression, with the latter be-
ing associated with epithelial-mesenchymal transition
and metastatic potential.'* These features suggest al-
ternative carcinogenic pathways and the need for tar-
geted therapy development specific for EOCRC.

These findings have significant clinical implica-
tions. They support the decision of the American Can-
cer Society and Taiwan’s Ministry of Health to lower
the CRC screening age to 45 years for average-risk in-
dividuals.® However, considering that a considerable
number of EOCRC cases occur before the age of 45
years, reliance solely on age-based screening may
miss a subset of at-risk individuals. There is an urgent
need to develop risk prediction models that incorpo-
rate genetic, molecular, behavioral, and environmen-
tal factors to better stratify patients for early detec-
tion.®1*

Therefore, treatment protocols should be revis-
ited. Although younger patients tend to tolerate che-
motherapy better, the risk of overtreatment in early-
stage disease is non-negligible. For example, Quah et
al. demonstrated that young patients receive more ag-
gressive treatment regimens but derive limited incre-
mental survival benefits compared with older patients
with similar stage disease.!' Therefore, age-specific
treatment algorithms that possibly integrate molecular
profiling and inflammatory markers could help opti-
mize therapeutic outcomes and avoid unnecessary to-
xicity.

This study has several limitations, including its
retrospective nature, potential selection bias, and in-
complete molecular profiling (e.g., KRAS, BRAF,
and MSI status). Data on treatment-related toxicity
and quality of life were also unavailable. Moreover,
information on neoadjuvant CCRT for rectal cancer
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was not consistently recorded, which may have intro-
duced confounding, especially when comparing colon
and rectal cancer outcomes. Despite these limitations,
our study remains one of the largest real-world analy-
ses of EOCRC in an Asian population and offers mean-
ingful insights for clinical care and future research.

Conclusion

In conclusion, CRC in patients aged < 45 years is
characterized by distinct clinicopathological features,
more aggressive tumor biology, and differing treat-
ment responses compared with that in older adults.
While younger patients often present with advanced
disease and poor prognostic histology, their overall
and disease-free survival, particularly in stages II and
III, are favorable, likely because of aggressive treat-
ment approaches. However, the inferior DFS observed
in metastatic EOCRC and the potential for overtreat-
ment in the early stages underscore the need for age-
specific management strategies, including earlier sc-
reening, comprehensive molecular profiling, and indi-
vidualized therapy. Future prospective studies are war-
ranted to delineate the biological mechanisms and op-
timize treatment algorithms for this growing patient
population.
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