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Purpose. Colorectal cancer (CRC) is a major health concern worldwide,
and the incidence of early-onset colorectal cancer (EOCRC), which is de-
fined as CRC that is diagnosed in patients younger than 50 years, is in-
creasing. This study aimed to explore the characteristics and outcomes of
right-sided and left-sided EOCRC tumors.

Methods. This study used a retrospective cohort from Chang Gung Me-
morial Hospital to analyze patients who were diagnosed with CRC be-
tween 2008 and 2019. Patient demographics, tumor characteristics, and
survival outcomes were compared between patients with right-sided and
left-sided EOCRC.

Results. Atotal of 1,240 patients aged 20 to 49 years were included in this
cohort study. The median age at diagnosis was 44 years, and 71.1% of the
patients were diagnosed between the ages of 40 and 49. Left-sided tumors
predominated, accounting for 76.9% of the cases. Most patients presented
with stage 3 (38.2%) or stage 4 (24.3%) disease. Patients with right-sided
tumors were more likely to have mucinous (11.8% vs. 5.1%; p < 0.001)
and signet-ring cell (4.2% vs. 1.0%) histology. In the right-sided tumor
group, more patients were in their 30 s, fewer patients were diagnosed
with stage I, and there was a higher rate of metastasis to the omentum or
peritoneum (15% vs. 7.7%; p <0.001). While 5-year overall survival (OS)
did not significantly differ between right-sided and left-sided tumor groups
(67.9% vs. 72.5%; p = 0.233), patients with stage IV right-sided tumors
had significantly worse 3-year OS (30.8% vs. 40%; p = 0.029). Addition-
ally, right-sided tumors were associated with lower 5-year OS in patients
aged 40 to 49 years (65.1% vs. 74.0%; p = 0.02).

Conclusion. Most early-onset colorectal cancers occur in patients be-
tween the ages of 40 and 49, with a predominance of left-sided tumors, al-
though right-sided tumors have higher mortality rates at advanced stages.
These findings support the recommendation for earlier initial screening
for colorectal cancer by colonoscopy.

[J Soc Colon Rectal Surgeon (Taiwan) 2026,37:152-164]

q ccording to the latest data released by the Inter-
national Agency for Research on Cancer (IARC)

in February 2024, colorectal cancer (CRC) is the third
most common cancer worldwide, and approximately
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1.9 million new cases were diagnosed in 2022, ac-
counting for 9.6% of all newly diagnosed cancers.' No-
tably, early-onset colorectal cancer (EOCRC), which
is defined as CRC that occurs in patients younger than
50 years, has emerged as a growing concern because
of its increasing incidence across multiple regions.>’
Although the incidence of CRC among individuals
aged > 50 years has shown a decreasing trend in recent
decades, the annual increase of approximately 2% in
EOCRC diagnoses highlights a concerning divergence
in epidemiological patterns.*” Data derived from the
Taiwan Cancer Registry indicate a persistent increase
in the incidence of CRC across all age groups between
2000 and 2019. Thus, EOCRC demonstrates particu-
larly alarming trends, with annual increases of 3.2%
for colon cancer and 3.3% for rectal cancer during this
period.® These findings highlight the urgent need for
region-specific strategies to address the growing bur-
den of EOCRC in younger populations. Moreover,
several studies have highlighted the predominance of
left-sided EOCRC among patients under 50 years of
age,”® prompting discussions about earlier screening
strategies, such as flexible sigmoidoscopy.” While the
tumor biology and clinical outcomes of right-sided
and left-sided colorectal cancers have been extensively
analyzed in older populations, there is a notable gap in
understanding the distinct features and prognoses spe-
cific to EOCRC. Given the increasing incidence of
EOCRC and the potential for tailored therapeutic ap-
proaches on the basis of tumor location, our study
aims to address this critical knowledge gap by com-
paring the clinicopathological characteristics and out-
comes of right-sided and left-sided tumors in younger
patients.

Materials and Methods
Study design and patient selection

This retrospective cohort study utilized data from
the colorectal cancer database of Chang Gung Memo-
rial Hospital (CGMH), which includes data from pa-
tients who were diagnosed and treated between Janu-
ary 2008 and December 2019. This study aimed to

compare the characteristics and outcomes of right-
sided and left-sided early-onset colorectal cancer
(EOCRC). Patients were selected on the basis of pre-
defined inclusion and exclusion criteria to ensure the
reliability of the analysis. Patients were included if
they had a histopathologically confirmed diagnosis of
colorectal adenocarcinoma, either before or after sur-
gical intervention, and were between 20 and 49 years
of age at the time of diagnosis. Patients were excluded
if they had a second primary malignancy, recurrent
colorectal cancer, anal cancer, carcinoma in situ, or in-
adequate follow-up data that precluded comprehen-
sive survival and outcome analysis. Additionally, pa-
tients whose tumor location was unknown, those with
nonadenocarcinoma histology, or those who were
classified as having an unknown stage or benign le-
sions were also excluded. The tumor location was ca-
tegorized as right-sided if the tumor arose from the
cecum to the transverse colon and left-sided if the tu-
mor originated from the splenic flexure to the rectum.
A flowchart illustrating the clinical case selection pro-
cess is presented in Fig. 1. This study was conducted
with the approval of the Institutional Review Board of
Chang Gung Memorial Hospital (approval number
202102418B0). All the clinical data were retrieved
from the hospital’s electronic medical records and used
exclusively for research purposes. Owing to the retro-
spective nature of the study, the requirement for in-
formed consent was waived by the review board.

Data collection

Baseline characteristics were retrospectively col-
lected from the colorectal cancer database of Chang
Gung Memorial Hospital. The clinicopathological va-
riables included patient age, sex, body mass index
(BMI), neutrophil-to-lymphocyte ratio (NLR), tumor
location, tumor stage, histological grade, histological
type, metastatic organ involvement and family his-
tory. All the relevant information was extracted from
medical records, pathology reports, and imaging stud-
ies to ensure accuracy and consistency. The tumor
stage was classified according to the eighth edition of
the Union for International Cancer Control tumor-
node-metastasis (TNM) classification system. The
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CRC patients underwent surgical

treatment during 2008-2019 (n=10048) I
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Newly diagnosed CRC
(n=6191)

+ Age 270 years (n=3033)
+ Second primary CRC or recurrence (n=814) |

Study population
(n=5704)
|
| g '
Early-onset CRC
(n=1240)

‘ Rigﬁsided
(n=287)

s

Left-sided
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+  Unknown tumaor location or anal cancer (n=78)
+ Non-adenocarcinoma (n=118)
* Unknown stage or benign lesions (n=291)

Late-onset CRC

Fig. 1. The flowchart illustrating the clinical patient selection in this study.

primary endpoint of this study was overall survival
(OS) in patients with EOCRC stratified by tumor lo-
cation, age, and disease stage. Survival outcomes were
assessed using tumor location (right-sided vs. left-
sided), age groups divided into 10-year intervals (20-
29, 30-39, and 40-49 years), and American Joint Com-
mittee on Cancer (AJCC) stages (1, 2, 3, and 4). These
stratifications were performed to identify potential
differences in survival trends and to better understand
the prognostic implications of these factors.

Statistics

Baseline characteristics and clinicopathological
variables are presented as medians with interquartile
ranges (IQRs) for continuous variables and as fre-
quencies with percentages for categorical variables.
Comparisons between the right-sided and left-sided
colorectal cancer groups were performed using Pear-
son’s chi-square test or Fisher’s exact test for categor-
ical variables, whereas the Mann—Whitney U test was
used to analyze continuous variables because of the
nonnormal distribution of the data. Kaplan—-Meier sur-
vival curves were constructed to estimate OS and were
compared using the log-rank test. Subgroup analyses
were conducted to further explore the impact of key
clinical and pathological variables on OS. Forest plots
were generated to visually present the results of the

multivariate analysis, including HRs, 95% CIs, and p
values for each variable. The neutrophil-to-lympho-
cyte ratio (NLR) was calculated by dividing the abso-
lute neutrophil count by the absolute lymphocyte count.
To determine the optimal cutoff value of NLR for OS
assessment, receiver operating characteristic (ROC)
curve analysis was performed. The threshold of 3.44
was selected based on the Youden index, which maxi-
mized both sensitivity and specificity. Patients were
subsequently categorized into low (NLR < 3.44) and
high (NLR > 3.44) NLR groups for further analyses.
Statistical significance was defined as p < 0.05. All
the statistical analyses were conducted via the Statisti-
cal Package for Social Sciences (SPSS) version 26
(IBM Corp., New York, NY, USA) and R language,
version 4.4.2.

Results

Patient demographics and tumor
characteristics

Table 1 provides an overview of the baseline char-
acteristics of the study population. A total of 1,240 pa-
tients with EOCRC were included. The median age at
diagnosis was 44 years, with right-sided tumors being
diagnosed at a younger median age than left-sided tu-
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mors (43 vs. 44 years, p = 0.003). Most patients (71.7%)  the youngest group (p < 0.001). The sex distribution
were in the 40-49 years age group, followed by the  was similar across tumor location groups (p = 0.266),
30-39 years (23.9%) and 20-29 years (3.5%) age groups, and BMI was not significantly different (p = 0.282).
with right-sided tumors occurring more frequently in ~ An elevated NLR (> 3.44) was observed in 31.5% of

Table 1. Baseline characteristics of patients with early-onset colorectal cancer according to tumor sidedness

Characteristics All cases (N=1,240)  Right-sided (N =287)  Left-sided (N =953) p value
Age, year, median (IQR) 44 (8) 43(10) 44 (8) 0.003
20-29 43 (3.5) 20 (7.0) 23 (2.4) <0.001
30-39 296 (23.9) 72 (25.1) 224 (23.5)
40-49 901 (71.7) 195 (67.9) 706 (74.1)
Gender
Male 634 (51.1) 155 (54.0) 479 (50.3) 0.266
Female 606 (48.9) 132 (46.0) 474 (49.7)
BMI 232 (5.1) 23.3(5.9) 23.2 (5.0) 0.282
NLR
<3.44 812 (68.5) 173 (62.0) 639 (70.5) 0.008
>3.44 374 (31.5) 106 (38.0) 268 (29.5)
Tumor location
Cecum 47 (3.8) 47 (16.4) 0 <0.001
Ascending colon 109 (8.8) 109 (38.0) 0
Transverse colon and hepatic flexure 131 (10.6) 131 (45.6) 0
Splenic 18 (1.5) 0 18 (1.9)
Descending colon 90 (7.3) 0 90 (9.4)
Sigmoid colon 357 (28.8) 0 357 (37.5)
Rectum 488 (39.4) 0 488 (51.2)
Histology type
Adenocarcinoma 1135 (91.5) 241 (84.0) 894 (93.8) <0.001
Signet-ring adenocarcinoma 22 (1.8) 12 (4.2) 10 (1.0)
Mucinous adenocarcinoma 83 (6.7) 34 (11.8) 49 (5.1)
Histology grade
Well 121 (9.8) 20 (7.0) 101 (10.6) <0.001
Moderate 911 (73.5) 179 (62.4) 732 (76.8)
Poor 187 (15.1) 84 (29.3) 103 (10.8)
Unclassified 21 (1.7) 4(1.4) 17 (1.8)
Stage
I 179 (14.4) 20 (7.0) 159 (16.7) <0.001
11 287 (23.1) 86 (30.0) 201 (21.1)
111 473 (38.1) 101 (35.2) 372 (39.0)
v 301 (24.3) 80 (27.9) 221 (23.2)
Metastatic organ
Liver 178 (14.4) 38(13.2) 140 (14.7) 0.539
Lung 58 (4.7) 10 (3.5) 48 (5.0) 0.275
Omentum/peritoneum 116 (9.4) 43 (15.0) 73 (7.7) <0.001
Bone 9(0.7) 1(0.3) 8(0.8) 0.693
Ovary* 5544 19 (6.6) 36 (3.8) 0.040
Systemic LN 54 (4.4) 18 (6.3) 36 (3.8) 0.070
Family history
FAP/HNPCC 68 (5.4) 31(10.8) 37 (3.8) <0.001
Yes 466 (37.6) 95 (33.1) 371 (38.9)
No 677 (54.6) 153 (53.3) 524 (55.0)
Unknown 3(0.2) 1(0.3) 2(0.2)

* In female patients.
IQR, interquartile range; NLR, neutrophil-to-lymphocyte ratio; LN, lymph node; FAP, familial adenomatous polyposis; HNPCC,
hereditary non-polyposis colorectal cancer.
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patients. Right-sided tumors were significantly more
likely to have a high NLR compared to left-sided tu-
mors (38.0% vs. 29.5%, p = 0.008).

The tumor location varied significantly (p <0.001),
with right-sided EOCRC primarily found in the ce-
cum (16.4%), ascending colon (38.0%), and trans-
verse colon/hepatic flexure (45.6%), whereas left-
sided EOCRC was more common in the sigmoid co-
lon (37.5%) and rectum (51.2%).

Histopathological features exhibited significant
differences. The right-sided tumor group had a higher
proportion of signet-ring cell (4.2% vs. 1.0%) and
mucinous adenocarcinomas (11.8% vs. 5.1%, p <
0.001), as well as a higher proportion of poorly differ-
entiated tumors (29.3% vs. 10.8%, p < 0.001). The
stage distribution revealed that right-sided tumors were
more often identified as stage II disease (30.0% vs.
21.1%), whereas left-sided tumors were more often
identified as stage I disease (16.7% vs. 7.0%, p < 0.001).
The distributions of stage Il and IV disease were sim-
ilar.

(A) Overall survival for tumor location

(C) Overall survival for AJCC stage

P <0.0001

Number at risk

Metastatic patterns showed distinct variations, with
right-sided EOCRC more frequently involving the
omentum/peritoneum (15.0% vs. 7.7%, p < 0.001)
and ovaries (6.6% vs. 3.8%, p = 0.040), whereas liver,
lung, bone, and systemic lymph node metastases were
not significantly different.

A family history of familial adenomatous poly-
posis (FAP) or hereditary non-polyposis colorectal
cancer (HNPCC) was documented in 5.4% of pati-
ents, while 37.6% reported a family history of CRC
without a known hereditary syndrome. Right-sided
tumors were more frequently associated with FAP or
HNPCC compared to left-sided tumors (10.8% vs.
3.8%, p <0.001), whereas the overall rate of any fam-
ily history did not differ significantly between groups.

Overall survival
Overall survival (OS) outcomes were analyzed in

EOCRC patients stratified by tumor location, age, AJCC
stage, and sex, as shown in Fig. 2. No significant dif-

(B) Overall survival for age group

p =0.068

Number at risk
(D) Overall survival forsex

Number at risk

Fig. 2. Kaplan-Meier curves for overall survival in early-onset colorectal cancers stratified by (A) tumor location, (B) age
(10-year interval), (C) AJCC stage, and (D) sex. AJCC, American Joint Committee on Cancer.
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ferences in 5-year OS rates were observed between
patients with right-sided and left-sided tumors (67.9%
vs. 72.5%; p = 0.23; Fig. 2A). Similarly, OS of pa-
tients stratified by age (20-29, 30-39, and 40-49 years)
and sex was not statistically significantly different (p
=0.068 and p = 0.41, respectively; Figs. 2B and 2D).
Analysis on the basis of the AJCC stage (Fig. 2C) re-
vealed significant disparities in 5-year OS among the
stages.

Fig. 3 depicts Kaplan-Meier curves illustrating
OS for EOCRC patients, stratified by tumor location
for AJCC stage (Fig. 3A-D). For stage I tumors (Fig.
3A), there was no significant difference in 5-year OS
between right-sided and left-sided tumors (p = 0.95).
Similarly, no statistically significant differences in OS
were observed for stage I (Fig. 3B; p =0.47) or stage
III tumors (Fig. 3C; p = 0.87). In contrast, among
stage IV tumors (Fig. 3D), right-sided tumors were as-

(A) Overall survival for AJCC stage |

(C) Overall survival for AJCC stage 111

Number at risk

sociated with worse 5-year OS compared to left-sided
tumors (30.8% vs. 40%; p = 0.029).

Fig. 4 shows OS in EOCRC patients stratified by
tumor location across different age groups. No signifi-
cant differences in 5-year OS were observed for pa-
tients aged 20-29 years (p = 0.15) or 30-39 years (p =
0.26). However, in patients aged 40-49 years, patients
with right-sided tumors had significantly worse 5-
year OS than patients with left-sided tumors (65.1%
vs. 74.0%; p = 0.02, Fig. 4C).

Subgroup analysis

Multivariate analysis identified several independ-
ent predictors of OS in EOCRC patients, as shown in
Fig. 5. Tumor stage was significantly associated with
survival outcomes, with T2 (HR: 0.02, 95% CI: 0.00-
0.29, p=0.004) and T3 (HR: 0.18, 95% CI: 0.04-0.89,

(B) Overall survival for AJCC stage 11

Number at risk

(D) Overall survival for AJCC stage IV

Number at risk

Fig. 3. Kaplan-Meier curves for overall survival in early-onset colorectal cancers stratified by tumor location for AJCC (A)
stage 1, (B) stage 2, (C) stage 3, and (D) stage 4. AJCC, American Joint Committee on Cancer.
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(A) Overall survival for age 20-29

Number a1 risk

(B) Overall survival for age 30-39

Number a1 risk

(C) Overall survival for age 40-49

MNumber a1 risk

Fig. 4. Kaplan-Meier curves for overall survival in early-
onset colorectal cancers stratified by tumor location
for age groups (A) 20 to 29, (B) 30 to 39, and (C) 40
to 49 years.

p=0.035) stages being associated with better OS than
T1 tumors. Poorly differentiated histology was asso-
ciated with worse OS (HR: 3.02, 95% CI: 1.14-8.02, p
=0.027), whereas adjuvant treatment, including che-
motherapy (HR: 0.09, 95% CI: 0.04-0.20, p < 0.001)
and chemoradiotherapy (HR: 0.11, 95% CI: 0.04-0.26,
p <0.001), improved survival significantly. Left-sided
tumors demonstrated a trend of being associated with
better outcomes compared to right-sided tumors, al-
though the difference was not statistically significant
(HR: 0.69, 95% CI: 0.45-1.04; p =0.074). Laboratory
findings revealed that a higher neutrophil-to-lympho-
cyte ratio (NLR > 3.44; HR: 1.49, 95% CI: 1.04-2.12,
p = 0.029) and lower serum albumin levels (= 3.5 g/
dL; HR: 0.31, 95% CI: 0.16-0.58, p < 0.001) were as-
sociated with worse survival.

For comprehensive reference, the results of uni-
variate Cox proportional hazards analyses for each
clinical and pathological variable are presented in Sup-
plementary Table 1. These results provide additional
context supporting the multivariate findings illustrated
in Fig. 5.

Discussion

Our findings indicate that EOCRC predominantly
affects individuals aged 40-49 years (71.7%), which
is consistent with previous studies reporting an in-
creasing incidence of this disease.!” The increasing in-
cidence of EOCRC has driven updates in CRC screen-
ing policies. Major health organizations, including na-
tional cancer and preventive health agencies, have re-
commended lowering the age for initiating routine
screening from 50 to 45 years to facilitate earlier de-
tection and improve patient outcomes.'"'* Our sub-
group analysis further revealed that cases were nearly
equally distributed between age 40-45 (35.8%) and
46-49 (36.9%), underscoring the importance of in-
cluding individuals in their early forties in screening
programs. These results support efforts to lower the
screening age threshold and emphasize the need for
heightened clinical vigilance in this population (Sup-
plementary Table 2).

Screening plays a critical role in CRC incidence
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Subgroup HR (35% CI) p-value
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30~39 —- 098 (0.46t02.11) 0.859
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Histology grade (ref. well) !
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unkriown i 2.32 (0.25to 21.26) 0.457
Intent of surgery (ref. no resection) l

palliative resection -— 0.24 (0.0210299) 0.265

curative resection *—— 0.18 (0.01102.36) 0,193
Metastasis site (ref. no lesion) !

Liver Se— 1.33(0.89101.99) 0159

Lung —e—— 1.62 (1.06t0 2,49) 0.027

Peritorieum —— 147 (0.95102.28) 0.085

Bone : 1.77 (0.48 t0 6.51) 0.393

Ovary —— 0.52 (.30 t0 0:90) 0.019

Systemic LN —a— 133 (0.84102.10) 0.221
NLR (ref. < 3.44) {

23.44 e 149 (1.04102.12) 0.029
CEA (ref. <5) :

25 —te— 1.14 (0.76 t0o 1.70) 0.536
Albumin (ref. < 3.5) l

235 -— 0.31 (016 t0 0.58) <0.001
Combined Surgery (ref. no surgery) |

yes —-—i 065(04510094) 0023

051 2 3

Fig. 5. Multivariate analysis of independent prognostic factors for overall survival in early-onset colorectal cancer.

and mortality reduction, with colonoscopy estimated
to lower CRC incidence by 40% and mortality by
60%."* Notably, individuals aged 45-49 years exhibit
a comparable prevalence of advanced adenomas and
sessile serrated lesions to those aged 50-54 years, fur-
ther supporting the clinical benefit of earlier screen-
ing.!* Retrospective cohort studies further support this
shift, demonstrating significant reductions in CRC in-
cidence and mortality when screening is initiated at 45

years.'>!¢ These findings highlight the need to im-
prove screening adherence and accessibility, particu-
larly among younger and underserved populations.

In our cohort, left-sided tumors accounted for
74.1% of cases, which is consistent with previous re-
ports suggesting a greater prevalence of distal tumors
in younger patients.'*!” In settings with limited re-
sources, flexible sigmoidoscopy is a practical screen-
ing tool for detecting distal lesions, but it does not
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evaluate the proximal colon, where right-sided tumors
exhibit greater aggressiveness. Colonoscopy remains
the preferred method for comprehensive screening be-
cause it allows assessment of the full colon and early
detection of right-sided malignancies.'®

Symptom presentation differs between patients
with left-sided and right-sided CRC, impacting detec-
tion and prognosis. Patients with left-sided tumors
commonly present with rectal bleeding, tenesmus, and
mucous passage, whereas patients with right-sided tu-
mors are more often associated with abdominal pain
and anemia.®*!'” These differences contribute to diag-
nostic delays, as right-sided CRC often manifests with
nonspecific symptoms, leading to later-stage detec-
tion.'* Delayed diagnosis is further exacerbated by
low symptom awareness, insufficient clinical suspi-
cion, and inefficiencies in health care systems.*? In-
creasing public education and optimizing early detec-
tion strategies are critical for mitigating these delays
and improving survival outcomes, particularly in EOCRC
patients.

Despite the predominance of left-sided tumors,
survival outcomes are notably worse in patients with
advanced right-sided EOCRC, which is consistent pre-
vious findings.!” Our study demonstrated that com-
pared with left-sided tumors, right-sided tumors were
more often signet-ring cell and mucinous adenocar-
cinomas; were more frequently poorly differentiated;
and presented an increased likelihood of omental, peri-
toneal, and ovarian metastases. These findings are con-
sistent with previous research highlighting the aggres-
sive nature of right-sided CRC, which is frequently
associated with chemoresistant histological subtypes
and a greater tendency for peritoneal dissemination.?**!
In particular, mucinous and signet-ring cell carcino-
mas have been associated with poor prognoses owing
to their advanced stage at presentation and limited
treatment response.??* Given these findings, patients
with right-sided EOCRC may require more intensive
treatment strategies and closer surveillance owing to
the distinct biological and clinical behavior of these
tumors. Future studies should further investigate the
molecular mechanisms underlying these histological
differences to further optimize therapeutic approaches
and improve patient outcomes.**

Our multivariate analysis identified several inde-
pendent prognostic factors for OS in EOCRC patients.
Although higher tumor stages are generally associated
with poorer survival, our analysis indicated that pa-
tients with T2 and T3 tumors had better OS than those
with T1 tumors. This unexpected finding may be ex-
plained by variations in treatment strategies, sample
size limitations, or differences in tumor biology. Poorly
differentiated histology was also associated with worse
outcomes, reflecting its established role in aggressive
tumor progression and unfavorable survival.*® Adju-
vant treatment significantly improved survival, with
chemotherapy and chemoradiotherapy reducing mor-
tality risk. These findings highlight the critical role of
adjuvant therapy in EOCRC management, confirming
previous studies showing prolonged OS in patients re-
ceiving such interventions.?*?’

In the present study, ovarian metastasis was iden-
tified as an independent factor associated with better
overall survival. This finding contrasts with the gen-
eral understanding that ovarian metastasis indicates
poor prognosis. However, previous studies have sug-
gested that patients with isolated ovarian metastasis
who underwent complete resection may achieve fa-
vorable outcomes. Song et al. reported a 5-year over-
all survival rate of 68.6% in patients who received RO
resection for ovarian metastasis, compared to 0% in
those with incomplete resection.”® Another study showed
a median survival of 49 months in patients with ovar-
ian-only metastasis, which was significantly longer
than in patients with other metastatic sites.?’ These
findings suggest that the improved survival observed
in our cohort may reflect the selection of patients with
resectable, isolated ovarian metastases. This observa-
tion should be interpreted with caution and requires
further validation in future studies.

This study has several limitations. As a single-
center retrospective study, selection and referral bi-
ases may exist, and the findings may not reflect the
characteristics of nationwide populations. Family his-
tory was included in the analysis to better characterize
the hereditary component of EOCRC. Although 5.4%
had known hereditary syndromes and 37.6% reported
a family history of CRC, this variable was not incor-
porated into the survival analysis due to the limited
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number of confirmed cases and the retrospective na-
ture of the study. Further investigation with integrated
germline and molecular profiling is warranted to clar-
ify its prognostic relevance. The relatively small sam-
ple size of certain subgroups, such as the T1 tumor sub-
group, may have reduced the statistical power, leading
to potential biases in the survival analysis. Moreover,
the absence of molecular data, including microsatel-
lite instability and RAS/RAF mutation data, limits the
understanding of prognostic and predictive biomarkers.

Conclusion

This study provides critical insights into the dis-
tinct characteristics and outcomes of right-sided and
left-sided EOCRC, reinforcing the need for location-
specific considerations in diagnosis and treatment. The
predominance of left-sided tumors is consistent with
previous reports; however, the disproportionately poorer
prognosis of right-sided EOCRC, particularly in ad-
vanced stages, highlights the urgency of improved
screening and early detection strategies.

These findings support lowering the CRC screen-
ing age to 45 years and emphasize the necessity of
raising awareness about right-sided CRC symptoms,
which often lead to diagnostic delays. Future research
should focus on refining risk stratification models and
evaluating the effectiveness of targeted screening ap-
proaches, particularly for high-risk subgroups, to miti-
gate disparities in survival outcomes.
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Supplementary Materials

Supplementary Table 1. Univariate Cox proportional hazards Supplementary Table 2. Age distribution of early-onset
analysis of prognostic factors for overall survival in early-onset colorectal cancer (EOCRC) cases (age 20-49)
colorectal cancer (EOCRC)
— Age group Case number Percentage %
Characteristics HR 95% CI p value
A 20-39 339 27.3
ge
20-29 1 40-45 444 35.8
30-39 0.731 46-49 457 36.9
40-49 0.615 Total 1240 100.0
T stage
T1 1
T2 1.580  0.517-4.831 0.422
T3 6.484  2.666-15.774 <0.001
T4 18.647  7.652-45.441 <0.001
N stage
NO 1
N1 4477  3.123-6.419 <0.001
N2 5121  3.837-6.837 <0.001
Tumor sidedness
Right-sided 1
Left-sided 0.866  0.684-1.097 0.233
Adjuvant treatment
No 1
ACT 3.148  2.236-4.434 <0.001
Neoadjuvant CCRT 5.788  3.984-8.409 <0.001
Histology type
Adenocarcinoma 1
Signet ring cell 2450  1.377-4.358 0.002
Mucinous adenocarcinoma 1.105  0.758-1.624 0.612
Histology grade
Well 1
Moderated 2.288  1.401-3.737 <0.001
Poor 4918  2.928-8.262 <0.001
Unknown 11.732  5.849-23.534 <0.001
Intent of surgery
No resection 1
Palliative resection 0.439  0.310-0.621 <0.001
Curative resection 0.050  0.035-0.070 <0.001
Metastasis site
No lesion 1
Liver 6.724  5.421-8.340 <0.001
Lung 5.101  3.781-6.881 <0.001
Peritoneum 7.630  5.989-9.721 <0.001
Bone 11.923  5.897-24.108 <0.001
Ovary 4.196  2.989-5.889 <0.001
Systemic LN 7.174  5.244-9.813 <0.001
NLR
<3.44 1
>3.44 2.128  1.734-2.613 <0.001
CEA
<5 1
>5 2.861  2.334-3.508 <0.001
Albumin
<3.5 1
>3.5 0.309-0.615 <0.001
Combined surgery
No surgery 1

Yes 2.239  1.833-2.734 <0.001
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