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Abstract
Purpose This study aimed to investigate the impact of tumor size on survival in early-onset colon and rectal cancer.
Methods Early-onset colon and rectal cancer patients were identified from the Surveillance, Epidemiology, and End Results 
(SEER) database between 2004 and 2015. Tumor size was analyzed as both continuous and categorical variables. Several 
statistical techniques, including restricted cubic spline (RCS), Cox proportional hazard model, subgroup analysis, propensity 
score matching (PSM), and Kaplan–Meier survival analysis, were employed to demonstrate the association between tumor 
size and overall survival (OS) and cancer-specific survival (CSS) of early-onset colon and rectal cancer.
Results Seventeen thousand five hundred fifty-one (76.7%) early-onset colon and 5323 (23.3%) rectal cancer patients were 
included. RCS analysis confirmed a linear association between tumor size and survival. Patients with a tumor size > 5 cm 
had worse OS and CSS, compared to those with a tumor size ≤ 5 cm for both early-onset colon and rectal cancer. Notably, 
subgroup analysis showed that a smaller tumor size (≤ 50 mm) was associated with worse survival in stage II early-onset 
colon cancer, although not statistically significant. After PSM, Kaplan–Meier survival curves showed that the survival of 
patients with tumor size ≤ 50 mm was better than that of patients with tumor size > 50 mm.
Conclusion Patients with tumors larger than 5 cm were associated with worse survival in early-onset colon and rectal cancer. 
However, smaller tumor size may indicate a more biologically aggressive phenotype, correlating with poorer survival in 
stage II early-onset colon cancer.
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Introduction

Colorectal cancer (CRC) is a major health concern that is the 
second most deadly and third most common cancer world-
wide [1]. Early-onset CRC, defined as CRC diagnosed in 
individuals < 50 years of age, has been on a concerning rise 
globally in the past decades [2–9]. Clinical features of early-
onset CRC differ from those of later-onset disease [4, 10]. A 
deeper understanding of characteristics in early-onset CRC 
is highly warranted.

Recent studies have begun to shed light on the unique 
genetic, clinicopathological, and molecular characteristics 

of early-onset CRC compared to its later-onset counterpart. 
These studies have unveiled differences in genetic mutations 
[11–14], lifestyle factors [15–17], gut microbiome [18]. 
Despite this growing body of research, there remains a sig-
nificant gap in our understanding of how tumor size affects 
survival outcomes in young patients with CRC. Although 
tumor size has been recognized as a prognostic factor for 
CRC, the results were inconsistent [19–23]. To the best 
of our knowledge, no study has investigated the impact of 
tumor size on survival outcomes in early-onset CRC.

This study aimed to bridge this knowledge gap by exam-
ining the impact of tumor size on the survival of patients 
with early-onset CRC. We hypothesize that tumor size may 
have a distinctive role in the prognosis of these patients, 
potentially influencing treatment decisions and survival 
outcomes differently than in older populations. Through a 
comprehensive analysis of clinical data from the Surveil-
lance, Epidemiology, and End Results (SEER) database, 
this study seeks to provide new insights into the prognostic 
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significance of tumor size in early-onset CRC, thereby con-
tributing to more tailored and effective treatment strategies 
and improving survival outcomes and quality of life for this 
unique patient demographic.

Materials and methods

Study design and participants

This was a retrospective cohort study. We used SEER*Stat 
8.4.1 software and selected “Incidence - SEER Research 
Plus Data, 18 Registries, Nov 2020 Sub (2000–2018)” as 
the database. The clinicopathological data of patients diag-
nosed with early-onset CRC between 2004 and 2015 were 
extracted from the abovementioned database. Primary tumor 
sites (C18.0, C18.2–18.7, C19.9, and C20.9) included the 
colon (cecum, ascending colon, hepatic flexure of colon, and 
transverse colon, splenic flexure of colon, descending colon, 
sigmoid colon, and rectosigmoid junction), and rectum. In 
addition, the histologic subtypes included adenocarcinoma 
(8140/3, 8144/3, 8201/3, 8210/3, 8211/3, 8213/3, 8220/3, 
8221/3, 8255/3, 8260/3, 8261/3, 8262/3, 8263/3, 8310/3, 
8323/3), mucinous adenocarcinoma (MA) (8480/3, 8481/3), 
and signet ring cell carcinoma (SRCC) (8490/3). Cases were 
coded according to the International Classification of Dis-
eases for Oncology, Third Edition.

The inclusion criteria were patients diagnosed with early-
onset CRC (pathologically confirmed) between 2004 and 2015. 
Exclusion criteria were as follows: patients whose tumor size 
was 0, unknown, or larger than 200 mm; patients who did not 
undergo surgery; patients with a loss of vital clinical and sur-
vival information; and patients younger than 18 years old.

This study followed the Strengthening the Reporting of 
Cohort Studies in Surgery (STROCSS) reporting guidelines [24].

Study variables

The collected variables included age, sex, race, tumor size, 
histologic subtypes, grade, stage, chemotherapy, survival 
time, cause of death, and vital status records. The endpoint 
of this study was overall survival (OS) and cancer-specific 
survival (CSS). In the SEER database, patients between 
2004 and 2010 were classified with the sixth American Joint 
Committee on Cancer (AJCC) classification, and patients 
between 2010 and 2015 were classified with both the sixth 
and seventh classification. Thus, to unify the criteria, all 
patients were classified according to the sixth AJCC classi-
fication. OS was defined as the time from diagnosis to death 
from any cause or the last follow-up. CSS was defined as 
the time interval between cancer diagnosis and death from 
colorectal cancer or the last follow-up.

Statistical analysis

Colon cancer is studied separately from rectal cancer. X-tile 
software [25] (version 3.6.1, Yale University School of 
Medicine) was used to determine the optimal cut-off points 
for age. Categorical variables were expressed as frequen-
cies and percentages. OS and CSS were analyzed using 
Kaplan–Meier curves and compared using log-rank tests.

Potential nonlinear associations between tumor size 
and outcomes were examined using restricted cubic spline 
(RCS) [26] with 4 knots. Covariates included in the analysis 
were age, sex, race, histologic subtypes, grade, stage, and 
chemotherapy.

Univariate and multivariate Cox regression analyses were 
performed to calculate hazard ratios (HR) and 95% confi-
dence intervals (CI). To fully assess the relationship between 
tumor size and outcomes, tumor size was analyzed as both 
continuous and categorical variables (two, three, and four 
categories). Cut-off values for tumor size were determined 
based on professional experience and X-tile software.

Additionally, based on 3 models, the P values for linear 
trends were calculated using the quartile values as an ordinal 
variable. Model 1 was unadjusted; Model 2 was adjusted for 
age, sex, and race; Model 3 was further adjusted for histo-
logic subtypes, grade, stage, and chemotherapy.

To assess the consistency of the impact of tumor size on 
outcomes, subgroup analysis was performed according to 
the above-mentioned covariates. Moreover, likelihood ratio 
tests were used to examine interaction [27].

To reduce the impact of baseline differences on the out-
comes, a sensitivity analysis was carried out using 1:1 pro-
pensity score matching (PSM) [28]. The balance in covari-
ates was assessed by using the standardized mean difference 
(SMD) approach. SMD of 10% or less was considered to be 
adequate balance. After PSM, OS and CSS were analyzed 
using Kaplan–Meier curves and log-rank tests.

R software (version 4.3.1; http:// www.r- proje ct. org) was 
used for statistical analyses. Two-sided P < .05 indicated 
statistical significance.

Results

Characteristics of the participants

Overall, 33,356 patients with early-onset colon and rectal 
cancer were identified between 2004 and 2015 from the 
SEER database. According to the inclusion and exclusion 
criteria, 17,551 (76.7%) colon and 5323 (23.3%) rectal 
cancer patients were included. The study screening flow 
chart is shown in Fig. 1. The demographic and clinico-
pathological characteristics of early-onset colon and rec-
tal cancer patients are summarized in Table 1.

http://www.r-project.org
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Kaplan–Meier survival analysis

The 3-, 5‐, and 10‐year OS rates were 78.0%, 69.1%, and 
60.7%, respectively, and the 3‐, 5‐, and 10‐year CSS rates 
were 79.3%, 71.0%, and 63.9%, respectively for early-
onset colon cancer. The 3‐, 5‐, and 10‐year OS rates were 
85.7%, 75.7%, and 65.2%, respectively, and the 3‐, 5‐, and 
10‐year CSS rates were 86.8%, 77.3%, and 67.9%, respec-
tively for early-onset rectal cancer. The OS and CSS in 
patients with tumor size ≤ 50 mm were better compared 
with those with tumor size > 50 mm (Fig. 2).

Potential nonlinear associations between tumor 
size and survival

The RCS revealed that the risk of OS and CSS increased 
linearly with increasing tumor size. (Fig. 3).

Prognostic impact of tumor size on OS and CSS

Tumor size had a negative impact on OS and CSS in both the 
unadjusted model and the fully adjusted model, regardless 

of whether it was analyzed as a continuous or categorical 
variable (Table 2).

Linear trend analysis

When tumor size was categorized based on quartiles, it still 
negatively impacted OS and CSS. Additionally, P-values for 
linear trend were significant in all 3 models for early-onset 
colon cancer, and significant in Model 1 and Model 2 for 
early-onset rectal cancer (Table 3).

Subgroup analysis

The results of subgroup analysis of OS and CSS in early-onset 
rectal cancer were consistent (Supplementary Figs. S1 and 
S2). Particularly notable was the distinct survival advantage 
observed with larger tumors in Stage II early-onset colon can-
cer, contrasting with other stages. Although the HRs for Stage 
I, III, and IV were greater than 1, Stage II presented an HR 
less than 1 (HR, 0.95; 95% CI, 0.82–1.10), suggesting a unique 
trend where larger tumor sizes in this stage were associated 
with better OS compared to smaller tumors (Fig. 4). Similar 
results were observed in subgroup analysis for CSS (Fig. 5).

Fig. 1  Flow chart of the study 
population
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Propensity score matching

Before PSM, there was a significant imbalance in baseline char-
acteristics. After PSM, no statistically significant differences 
remained in the covariates (all SMDs < 0.1) for OS and CSS 
analysis in both early-onset colon (Supplementary Tables S1 
and S2) and rectal cancer (Supplementary Tables S3 and S4). 
After matching, Kaplan–Meier survival curves showed that the 
prognosis of patients with tumor size ≤ 50 mm was better than 
that of patients with tumor size > 50 mm (Fig. 6).

Discussion

Based on the SEER database, 22,874 participants with 
early-onset colon and rectal cancer were included. Our 
study revealed that larger tumor size (as both continuous 

and categorical variables), significantly correlated with 
worse OS and CSS in early-onset colon and rectal cancer 
patients. Notably, smaller tumor size was associated with 
worse survival in stage II early-onset colon cancer (adjusted 
HR, 0.95; 95% CI, 0.82–1.10, and adjusted HR, 0.95; 95% 
CI, 0.80–1.13 for OS and CSS, respectively), suggesting that 
smaller tumors may reflect a more biologically aggressive 
phenotype for patients with stage II early-onset colon cancer.

In accordance with our findings, some studies have 
revealed that patients with larger tumors had a decreased 
survival compared with those with smaller tumors in CRC 
no matter with [20, 29, 30] or without [31] metastasis. 
However, there were also studies with different opinions. 
Hajibandeh et al. evaluated the predictive significance of 
tumor size in 192 CRC patients undergoing curative surgery 
[21]. They found that tumor size on its own may not have a 
significant prognostic value in OS. Their study was limited 

Table 1  Demographic 
and clinicopathological 
characteristics of patients with 
early-onset colon and rectal 
cancer

MA mucinous adenocarcinoma, SRCC  signet ring cell carcinoma
a median (interquartile range)

Variables Colorectal cancer Colon cancer Rectal cancer P
(n = 22874) (n = 17551) (n = 5323)

Agea (years) 44 (39–47) 44 (39–47) 44 (39–47) 0.606
Sex < 0.001
    Female 10820 (47.3) 8546 (48.7) 2274 (42.7)
    Male 12054 (52.7) 9005 (51.3) 3049 (57.3)

Race < 0.001
    Black 3275 (14.3) 2778 (15.8) 497 (9.3)
    Other 2593 (11.3) 1959 (11.2) 634 (11.9)
    White 17006 (74.3) 12814 (73.0) 4192 (78.8) < 0.001

Tumor  sizea (mm) 45.5 (33–60) 50 (35–65) 40 (26–55) < 0.001
Histologic types < 0.001
    Adenocarcinoma 20549 (89.8) 15636 (89.1) 4913 (92.3)
    MA/SRCC 2325 (10.2) 1915 (10.9) 410 (7.7)

Grade < 0.001
    I 1527 ( 6.7) 1155 (6.6) 372 (7.0)
    II 16544 (72.3) 12507 (71.3) 4037 (75.8)
    III 4165 (18.2) 3347 (19.1) 818 (15.4)
    IV 638 ( 2.8) 542 (3.1) 96 (1.8)

Stage < 0.001
    I 3315 (14.5) 2215 (12.6) 1100 (20.7)
    II 5742 (25.1) 4640 (26.4) 1102 (20.7)
    III 9156 (40.0) 6715 (38.3) 2441 (45.9)
    IV 4661 (20.4) 3981 (22.7) 680 (12.8)

Chemotherapy < 0.001
    No/Unknown 7489 (32.7) 6458 (36.8) 1031 (19.4)
    Yes 15385 (67.3) 11093 (63.2) 4292 (80.6) < 0.001

Survival  monthsa 67 (38–114) 66 (36–113) 72 (44–117)
Survival status < 0.001
    Alive 15096 (66.0) 11374 (64.8%) 3722 (69.9%)
    Dead 7778 (34.0) 6177 (35.2%) 1601 (30.1%)
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by the small sample size. In addition, Shiraishi et al. per-
formed a retrospective study of 95 patients with pT4 CRC 
and demonstrated that tumor size ≥ 50 mm was associated 
with a better CSS than that of < 50 mm [23]. This contrast-
ing view should be interpreted with caution because only 
95 patients were included in the analysis. Overall, we still 
believe that larger tumor size is associated with worse sur-
vival outcomes for CRC.

It should be noted that an interesting result was observed 
after subgroup analysis. Surprisingly, we identified that 
tumor size > 50 mm was associated with a better OS and 
CSS than that of ≤ 50 mm for patients with stage II colon 
cancer; however, this was not statistically significant. This 
finding contrasted with other stages and highlighted the 
nuanced impact of tumor size on survival, depending on 
the stage of the disease. After a thorough literature search, 

Fig. 2  Kaplan–Meier curves for overall survival (a) and cancer-spe-
cific survival (b) of patients with early-onset colon cancer; Kaplan–
Meier curves for overall survival (c) and cancer-specific survival (d) 

of patients with early-onset rectal cancer. Large tumor: >50  mm; 
Small tumor: ≤ 50 mm
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we found that previous studies have revealed this seemingly 
paradoxical finding [23, 32–37]. For example, Huang et al. 
analysed 7719 patients with stage II colon cancer from the 
SEER database and indicated that patients with smaller 
tumors were associated with decreased CSS compared with 

those with larger tumors [32]. This was extremely similar to 
what we reported here. It was speculated that smaller tumors 
with heavy intestinal wall invasion may represent a biologi-
cally aggressive phenotype, whereas larger tumors may 
reflect a biologically indolent phenotype in stage II CRC. 

Fig. 3  Association between tumor size and survival using a restricted 
cubic spline regression model. Early-onset colon cancer: a overall sur-
vival; b cancer-specific survival. Early-onset rectal cancer: c overall sur-
vival; d cancer-specific survival. Graphs show HRs for survival accord-
ing to tumor size adjusted for age, sex, race, histologic types, grade, 

stage, and chemotherapy. Data were fitted by a restricted cubic spline 
Cox proportional hazards regression model, and the model was con-
ducted with 4 knots at the 5th, 35th, 65th, 95th percentiles of tumor size 
(reference is the 5th percentile). Solid lines indicate HRs, and shadow 
shape indicate 95% CIs. HR, hazard ratio; CI, confidence interval
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Table 2  Association between tumor size and survival in early-onset colon and rectal cancer

HR hazard ratios, CI confidence interval, OS overall survival, CSS cancer-specific survival
a adjusted for age, sex, race, histologic types, grade, stage, and chemotherapy
b The cut-off values were determined by the X-tile software

Adjusted HRa (95% CI)

Tumor size (mm) Colon cancer Rectal cancer

OS CSS OS CSS

Continuous variable 1.002 (1.001–1.003) 1.002 (1.001–1.003) 1.003 (1.001–1.005) 1.003 (1.001–1.005)
Categorical variable
≤ 20 Reference Reference Reference Reference
> 20 1.212 (1.069–1.374) 1.268 (1.104–1.457) 1.113 (0.950–1.305) 1.146 (0.965–1.361)
≤ 30 Reference Reference Reference Reference
> 30 1.097 (1.020–1.179) 1.114 (1.032–1.203) 1.069 (0.954–1.197) 1.067 (0.946–1.203)
≤ 40 Reference Reference Reference Reference
> 40 1.072 (1.014–1.132) 1.076 (1.016–1.140) 1.125 (1.016–1.247) 1.100 (0.988–1.225)
≤ 50 Reference Reference Reference Reference
> 50 1.070 (1.016–1.126) 1.064 (1.008–1.124) 1.169 (1.052–1.298) 1.138 (1.020–1.271)
≤  24b Reference Reference Reference Reference
24–55 1.187 (1.058–1.332) 1.233 (1.087–1.398) 1.067 (0.919–1.240) 1.095 (0.933–1.286)
≥ 55 1.280 (1.138–1.440) 1.316 (1.158–1.497) 1.215 (1.033–1.430) 1.213 (1.020–1.442)
≤ 20 Reference Reference Reference Reference
> 20, ≤ 4 0 1.176 (1.032–1.340) 1.229 (1.064–1.420) 1.052 (0.887–1.247) 1.101 (0.916–1.322)
> 40, ≤ 60 1.218 (1.070–1.385) 1.275 (1.105–1.470) 1.148 (0.964–1.366) 1.166 (0.967–1.406)
> 60 1.259 (1.103–1.438) 1.314 (1.136–1.520) 1.206 (1.001–1.454) 1.218 (0.997–1.487)

Table 3  Association between tumor size and survival in early-onset colon and rectal cancer (according to quartile of tumor size)

Model 1: unadjusted; Model 2: adjusted for age, sex, and race; Model 3: adjusted for age, sex, race, histologic types, grade, stage, and chemo-
therapy
Q quartile, HR hazard ratios, CI confidence interval, OS overall survival, CSS cancer-specific survival
a Q1: 1–35, Q2: 36–50, Q3: 51–65, Q4: > 65 (mm)
b Q1: 1–26, Q2: 27–40, Q3: 41–55, Q4: > 55 (mm)

HR (95% CI)

Q1 Q2 Q3 Q4 P for Trend

Colon cancera

    OS
    Model 1 Reference 1.398 (1.305–1.498) 1.500 (1.391–1.617) 1.581 (1.469–1.701) < 0.001
    Model 2 Reference 1.396 (1.303–1.496) 1.488 (1.380–1.605) 1.568 (1.456–1.688) < 0.001
    Model 3 Reference 1.055 (0.984–1.132) 1.092 (1.011–1.179) 1.117 (1.035–1.205) 0.003
    CSS
    Model 1 Reference 1.460 (1.357–1.570) 1.544 (1.426–1.672) 1.630 (1.509–1.762) < 0.001
    Model 2 Reference 1.457 (1.354–1.567) 1.533 (1.416–1.661) 1.620 (1.498–1.752) < 0.001
    Model 3 Reference 1.069 (0.993–1.150) 1.093 (1.008–1.185) 1.123 (1.036–1.217) 0.005

Rectal cancerb

    OS
    Model 1 Reference 1.233 (1.064–1.430) 1.680 (1.448–1.949) 1.946 (1.685–2.247) < 0.001
    Model 2 Reference 1.229 (1.060–1.425) 1.666 (1.436–1.933) 1.890 (1.636–2.185) < 0.001
    Model 3 Reference 0.944 (0.812–1.098) 1.082 (0.927–1.261) 1.090 (0.936–1.269) 0.071
    CSS
    Model 1 Reference 1.339 (1.145–1.567) 1.782 (1.521–2.088) 2.071 (1.775–2.415) < 0.001
    Model 2 Reference 1.334 (1.140–1.541) 1.766 (1.507–2.070) 2.001 (1.723–2.348) < 0.001
    Model 3 Reference 0.987 (0.842–1.159) 1.091 (0.926–1.285) 1.092 (0.929–1.283) 0.135
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Fig. 4  Forest plot for subgroup 
analysis of overall survival in 
early-onset colon cancer. Large 
tumor: > 50 mm; Small tumor: 
≤ 50 mm. HR, hazard ratio; CI, 
confidence interval; MA, muci-
nous adenocarcinoma; SRCC, 
signet ring cell carcinoma

Fig. 5  Forest plot for subgroup 
analysis of cancer-specific 
survival in early-onset colon 
cancer. Large tumor: > 50 mm; 
Small tumor: ≤ 50 mm. HR, 
hazard ratio; CI, confidence 
interval; MA, mucinous adeno-
carcinoma; SRCC, signet ring 
cell carcinoma
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This distinct growth pattern may be caused by inter-tumor 
heterogeneity of CRC that results from various genetic and 
epigenetic factors. More studies are needed to elucidate the 
underlying mechanism.

There are several strengths to our study. In addition to 
the large sample size, the main strength of our study was the 
multiple rigorous statistical methods. First, colon cancer is 
studied separately from rectal cancer due to their different 

biological behaviors. Second, potential nonlinear associa-
tions between tumor size and outcomes (OS and CSS) were 
evaluated using RCS. Third, to correct for potential con-
founding factors, univariable and multivariable Cox regres-
sion were used. Additionally, PSM analysis was also per-
formed as a sensitivity analysis. Therefore, the findings of 
our study were robust. Fourth, tumor size was analyzed as 
both continuous and categorical variables. Moreover, when 

Fig. 6  Kaplan–Meier curves for overall survival (a) and cancer-specific 
survival (b) of patients with early-onset colon cancer after PSM; Kaplan–
Meier curves for overall survival (c) and cancer-specific survival (d) 

of patients with early-onset rectal cancer after PSM. Large tumor: > 
50 mm; Small tumor: ≤ 50 mm. PSM, propensity score matching
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it was analysed as a categorical variable, different numbers 
of categories (two, three, and four categories) and cut-off 
values were used. Thus, the results were reliable. Fifth, both 
OS and CSS were evaluated as survival outcomes. Last, sub-
group analyses were conducted and a special population was 
identified (stage II early-onset colon cancer).

However, when interpreting the results of the present 
study, several limitations should be considered. First, the 
retrospective nature of the study limited the generalizability 
of the results. Prospective studies are needed in the future. 
Second, besides genetics and epigenetics data, microsatel-
lite instability status, comorbidities, intestinal obstruction or 
penetration, and detailed information on CEA, radiotherapy, 
and chemotherapy were not included in the SEER database. 
Third, there is still a possibility of residual confounding, 
despite adjusting for potential confounders. Fourth, only the 
US population were included in the SEER database, pos-
sibly resulting in a degree of selection bias. The results of 
the present study might be unsuitable for patients in other 
countries, suggesting that a large-scale multicenter global 
study is necessary. Fifth, only patients who had undergone 
surgical resection were included in this study. Therefore, our 
results may not apply to patients without surgical resection.

To the best of our knowledge, this is the first large study 
to reveal the association between tumor size and survival out-
comes in early-onset colon and rectal cancer. Our study high-
lights that tumor size is an important risk factor for OS and CSS 
in early-onset colon and rectal cancer. More prospective mul-
ticenter studies are needed to validate the association between 
tumor size and survival in stage II early-onset colon cancer, 
especially stratified by microsatellite instability status. Further 
studies should also be undertaken to elucidate the underlying 
genetic and molecular mechanisms of the impact of tumor size 
on the survival of early-onset colon and rectal cancer.

Conclusions

This study found that patients with larger tumors experi-
enced worse OS and CSS compared to those with smaller 
tumors in early-onset colon and rectal cancer. Notably, 
smaller tumors may reflect a more biologically aggressive 
phenotype and be associated with worse survival in stage II 
early-onset colon cancer. More studies are warranted to ver-
ify our findings and elucidate the underlying mechanisms.
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