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Abstract

Purpose The increasing incidence of colorectal cancer has coincided with a rise in T4 stage colon cancer (CC), yet research
on its prognosis remains limited. This study aimed to identify risk factors and develop a nomogram to predict cancer-specific
survival (CSS), optimizing treatment strategies for different subgroups.

Methods Using data from the from the Surveillance, Epidemiology, and End Results (SEER) database, we identified risk
factors in T4 stage CC patients and created a nomogram to predict CSS. Patients were divided into low- and high-risk groups,
and the nomogram was validated. Propensity score matching was used to evaluate the benefits of various therapies across
subgroups.

Results Independent risk factors, including T stage, N stage, tumor grade, age, and therapy sequence, were identified through
Cox regression analyses and incorporated into the nomogram. The nomogram outperformed the American Joint Committee
on Cancer (AJCC) 7th staging system, with a Concordance-index of 0.77 in both training and validation sets. The receiver
operating characteristic curves showed area under the curve values of 0.81, 0.77, and 0.75 for 1-, 3-, and 5-year CSS, respec-
tively. Calibration plots confirmed strong alignment between predicted and actual outcomes, and decision curve analysis
highlighted the nomogram's superior clinical utility. Chemotherapy significantly improved CSS, while radiation did not.
Adjuvant therapy was particularly beneficial in high-risk groups.

Conclusion This study offered a thorough prognostic analysis of T4 stage colon cancer patients and developed nomograms
for predicting CSS. Subgroup analyses highlight the potential benefits of various treatment options.

Keywords Colon cancer - Surveillance, Epidemiology, and End Results - T4 stage - Nomogram - Adjuvant therapy

Introduction

The colorectal cancer (CRC) ranks as the second leading
cause of cancer-related mortality and the third most preva-
lent cancer globally. In 2022, there were more than 1.8 mil-
lion new diagnoses and 881,899 fatalities attributed to the
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disease [1]. Advances in imaging technology have led to a
marked rise in the detection of T4 stage colon cancer (CC)
in recent years [2]. Typically, the T4 stage tumor invade
deeply into the colon wall, extending into pericolonic tis-
sues and regional lymph nodes, indicating a higher tumor
burden and more extensive infiltration [3]. The deeper inva-
sion of these tumors is associated with a poorer prognosis
and an elevated risk of both local and distant recurrence [4].
Unlike T1-3 stages, T4 stage is widely regarded as a critical
prognostic factor for CC, adversely affecting survival out-
comes [5]. The National Comprehensive Cancer Network
(NCCN) guidelines advocate for adjuvant chemotherapy in
patients with T4 stage CC (without distant metastasis) fol-
lowing curative resection [6]. However, notable variability
in clinical outcomes has been observed among patients with
T4 stage CC undergoing similar treatments, with survival
rates ranging from 15 to 75% [7]. Moreover, recent studies
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indicated that certain patients with T4 stage CC might ben-
efit from neoadjuvant therapy [8]. Additionally, proximal
and distal CC exhibited distinct clinical, pathological, bio-
logical, and prognostic characteristics due to their different
embryologic origins and gut microbiota, influencing their
responses to adjuvant therapy [9]. These findings indicate
that the existing TNM staging system may not adequately
convey prognostic information or the benefits of different
therapy options. Therefore, new strategies are essential for
better prognostic assessment, enabling personalized therapy
and improved survival outcomes for patients with T4 stage
CC.

While previous studies showed that survival rates for
CRC correlated with factors such as primary tumor site,
N stage, and lymphatic invasion, there is currently a lack
of appropriate predictive guidelines for the survival of T4
stage CRC patients [10-12]. Furthermore, analyses of vari-
ous treatment options across different risk groups based on
predictive nomograms in T4 stage CC remain limited [13,
14]. Compared with overall survival, cancer-specific sur-
vival (CSS) is more closely related to the cancer and may
better guide treatment decisions.

This study aimed to leverage data from the Surveillance,
Epidemiology, and End Results (SEER) database to iden-
tify prognostic factors and create a nomogram for predicting
CSS in patients with T4 stage CC. Additionally, we sought
to compare various treatment options across subgroups
to determine the most effective therapy for T4 stage CC
patients.

Methods
Database source and patients selection

This retrospective cohort study analyzed clinicopathologi-
cal data from CC patients in the SEER database between
January 1, 2010, and December 31, 2017, using SEER*Stat
8.4.0.1 software. Data collected included age, race, tumor
grade, sex, histological grade, 7th AJCC stages (T, N, M),
tumor size, regional nodes examined, treatment sequence
(surgery before, after, or without chemoradiotherapy), pre-
operative carcinoembryonic antigen (CEA) levels, perineural
invasion, tumor deposits, and radiotherapy and chemother-
apy information. The grade is assessed through pathologic
examination or the tumor's differentiation level, with a lower
grade indicating a higher differentiation degree. Tumor
deposits are defined as microscopic or macroscopic tumor
nodules found in the lymphatic drainage area of the primary
tumor. The absence of tumor deposits is documented as neg-
ative, and similarly, the lack of perineural invasion by the
tumor is also recorded as negative. CEA positive is defined
as when the serum CEA level exceeds 5 ng/mL.
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Inclusion criteria were: (I) patients with primary T4NO-
2MO stage CC; (II) those with CC as the sole primary malig-
nancy; and (IIT) patients who underwent surgical treatment
with complete pathological specimen examination post-
operatively. Exclusion criteria included: (I) patients with
multiple primary tumors; (II) those reported solely through
autopsy or death certificates; (III) patients with incomplete
data on any inclusion criteria; (IV) patients under 18 years;
and (V) those with zero survival months. Ultimately, 5,942
patients met the criteria, randomized in a 7:3 ratio into a
training set of 4,159 patients and a validation set of 1,783
patients (Fig. 1). The validation set was used for internal
validation of the nomogram. The primary endpoint was CSS,
calculated as the duration from diagnosis to death attrib-
uted to cancer or last follow-up. This study utilized publicly
available data from the SEER database, with all patient data
de-identified prior to collection, thus exempting it from eth-
ics committee approval or informed consent. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study adhered to the TRIPODAI
checklist.

Propensity score-matching (PSM)

To mitigate bias and confounding factors between low-risk
and high-risk groups among T4 stage CC patients, we used
the method of PSM. It accounted for age, sex, race, T stage,
N stage, primary tumor site, tumor grade, tumor size, CEA
level, perineural invasion, and tumor deposits. Logistic
regression was utilized to calculate propensity scores. T4
stage CC patients, regardless of therapy type (including radi-
ation, chemotherapy, and treatment sequence), were matched
in a 1:1 ratio using PSM. The PSM analysis was executed
utilizing the matching package of R software, employing
the 1:1 nearest neighbor matching approach to ensure bal-
anced comparison groups. We compared clinicopathological
variables before and after PSM using the chi-squared test to
evaluate the effectiveness of the matching process.

Statistics analysis

The Mann—Whitney U test was used to evaluate differences
in continuous variables, while categorical data were ana-
lyzed using the chi-squared test. Odds ratios (OR) and 95%
confidence intervals (CI) were determined through univari-
ate and multivariate Cox regression analyses. Independent
prognostic factors with P-values below 0.05 in the multivari-
ate Cox model were incorporated into a nomogram, creat-
ing a visual tool for predicting 1-year, 3-year, and 5-year
survival rates. Hazard ratios (HR) and their 95% CIs were
reported for all findings. The optimal cutoff for tumor size
was established using the X-tile software (version 3.6.1, Yale
University, New Haven, Connecticut). Model performance
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Fig. 1 The selection of patient
in the study. SEER, Surveil-
lance, Epidemiology, and End
Results

Colon cancer patients in the SEER
database (2010-2017)
(N=47,074)

Primary colon cancer of T4
stage with no metastasis

(N=8,957)

Exclude
() multiple primary tumors

(I solely through autopsy or death certificates
(Il1) Incomplete data
(IV) patients under 18 years old

Study population
(N=5,942)

(V) those with zero survival months
(N=3,015)

7:3

Training group
(N=4,159)

Validation group
(N=1,783)

was assessed using the concordance index (C-index) and
receiver operating characteristic (ROC) curves, with the area
under the curve (AUC) calculated. Calibration plots were
utilized to compare predicted and actual survival at 1, 3,
and 5 years. The clinical utility of the prediction model was
evaluated using decision curve analysis (DCA). Finally, the
training set was categorized into two risk groups accord-
ing to their total points. The Kaplan—Meier method, along
with the log-rank test, was utilized to assess differences in
CSS between the various subgroups. Statistical analyses
were conducted using SPSS 22.0 (International Business
Machines Corporation, Armonk, New York) and R version
4.2.0 software.

Results
Basic characteristics of the patients

Our study included a total of 5,942 patients diagnosed with
T4 stage CC, divided into a training set of 4,159 patients
and a validation set of 1,783 patients. The demographic and
clinical characteristics of patients with T4 stage CC in both
the training and validation cohorts are presented in Table 1.
The patient cohort exhibited a median age of 65 years,
accompanied by a median survival of 39 months. In the
complete patient cohort, all individuals underwent radical

surgery, with the majority (87.33%) undergoing sufficient
regional nodes examination. Chemotherapy was adminis-
tered to a total of 3,661 patients (61.61%), whereas radio-
therapy was provided to 281 patients (4.73%). Additionally,
only 101 patients (1.70%) received neoadjuvant therapy
before surgery, while 3,569 patients (60.06%) underwent
adjuvant therapy following their surgeries. Additionally, the
Mann—Whitney U and chi-squared tests indicated no signifi-
cant differences in feature distributions between the training
and validation sets.

Prognostic factors for CSS

To identify prognostic indicators for CSS, we conducted
univariate and multivariate Cox regression analyses within
the training set (Table 2). These analyses revealed several
risk factors for predicting CSS, including age at diagnosis,
tumor histology, T stage, N stage, tumor grade, CEA level,
perineural invasion, tumor deposits, tumor site, treatment
sequence, and regional node examination.

Specifically, the T4b stage (HR: 1.20; 95% CI:
1.08-1.33), N1 stage (HR: 1.61; 95% CI: 1.41-1.83), N2
stage (HR: 2.76; 95% CI: 2.41-3.17), poor tumor grade (HR:
1.49; 95% CI: 1.34-1.65), older age (HR: 1.71; 95% CI:
1.54-1.90), tumor histology (HR: 1.30; 95% CI: 1.15-1.47),
positive CEA levels (HR: 1.40; 95% CI: 1.27-1.54), tumor
deposits (HR: 1.36; 95% CI: 1.22-1.53), right side tumors
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Table 1 Ba.selin? gharacter istics Total Training set Test set P value
of patients in training and test
sets N=2,501 N=1,750 N=751
Age, n (%): 0.078
<60 years 1,079 (43.14) 735 (42.00) 344 (45.81)
> 60 years 1,422 (56.86) 1,015 (58.00) 407 (54.19)
Sex, n (%): 0.103
Female 1,064 (42.54) 726 (41.49) 338 (45.01)
Male 1,437 (57.46) 1,024 (58.51) 413 (54.99)
Race, n (%): 0.811
White 2,041 (81.61) 1,426 (81.49) 615 (81.89)
Others 460 (18.39) 324 (18.51) 136 (18.11)
Grade, n (%): 0.671
riu 2,300 (91.96) 1,612 (92.11) 688 (91.61)
/v 201 (8.04) 138 (7.89) 63 (8.39)
Histology, n (%): 0.285
Adenocarcinoma 2,442 (97.64) 1,705 (97.43) 737 (98.14)
Others 59 (2.36) 45 (2.57) 14 (1.86)
T stage, n (%): 0.365
Tl 1,171 (46.82) 809 (46.23) 362 (48.20)
T2 1,330 (53.18) 941 (53.77) 389 (51.80)
Surgery options, n(%) 0.136
Local resection 550 (21.99) 399 (22.80) 151 (20.11)
Radical resection 1,951 (78.01) 1,351 (77.20) 600 (79.89)
Radiation, n (%): 0.921
No 1,925 (76.97) 1,346 (76.91) 579 (77.10)
Yes 576 (23.03) 404 (23.09) 172 (22.90)
Chemotherapy, n (%): 0.972
No 1,926 (77.01) 1,348 (77.03) 578 (76.96)
Yes 575 (22.99) 402 (22.97) 173 (23.04)
Treatment sequence: 0.876
Only surgery 1,925 (76.97) 1,347 (76.97) 578 (76.96)
Adjuvant therapy 165 (6.60) 118 (6.74) 47 (6.26)
Neoadjuvant therapy 411 (16.43) 285 (16.29) 126 (16.78)
CEAY n (%): 0.892
Negative 1,985 (79.37) 1,387 (79.26) 598 (79.63)
Positive 516 (20.63) 363 (20.74) 153 (20.37)
Perineural invasion, n (%): 0.681
No 2,443 (97.68) 1,708 (97.60) 735 (97.87)
Yes 58 (2.32) 42 (2.40) 16 (2.13)
Tumor size, n (%) 0.852
<18 mm 889 (35.55) 620 (35.43) 269 (35.82)
>18 mm 1,612 (64.45) 1,130 (64.57) 482 (64.18)

a, carcinoembryonic antigen

(HR: 1.11; 95% CI: 1.01-1.24), and perineural invasion
(HR: 1.27; 95% CI: 1.14-1.42) were all associated with
poorer CSS. Conversely, adequate regional node examina-
tion (HR: 0.68; 95% CI: 0.60-0.78), adjuvant therapy (HR:
0.43; 95% CI: 0.39-0.48), and neoadjuvant therapy (HR:
0.58; 95% CI: 0.39-0.87) were linked to improved CSS
prognosis. Furthermore, given that right-sided tumors are
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recognized as a risk factor, we compared the clinical features
of T4 stage CC patients between left-sided and right-sided
cases (Table S1). Patients with left-sided tumors exhibited
better survival outcomes compared to those with right-
sided tumors. The left-sided group was characterized by
a younger age, a higher proportion of males, better tumor
grade, more cases of adenocarcinoma, fewer cases of lymph
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Table 2 Univariate and

S . Characteristics Univariate analysis Multivariate analysis
multivariate Cox analysis for
cancer-specific survival of Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
patients in the training set
Age (year)
<60 Ref Ref
>60 2.12(1.92~2.34) <0.001*  1.71 (1.54~1.90) <0.001*
Sex
Female Ref
Male 0.90 (0.82~0.99) 0.029*  0.97 (0.86~1.09) 0.592
Race
White Ref
Others 0.97 (0.86~1.09) 0.590
Tumor Site
Left Ref Ref
Transverse colon 1.12 (0.94~1.33) 0.204
Right 1.34 (1.21~1.48) <0.001* 1.11 (1.01~1.24) 0.046*
Grade
Well and moderate Ref Ref
Poor and undifferentiated 1.85 (1.68 ~2.04) <0.001* 1.49 (1.34~1.65) <0.001*
Histology
Adenocarcinoma Ref Ref
Others 1.37 (1.21~1.55) <0.001*  1.30 (1.15~1.47) <0.001*
T stage
T4a Ref Ref
T4b 1.06 (0.96~1.17) <0.001*  1.20 (1.08~1.33) 0.002*
N stage
NO Ref Ref
N1 1.41(1.24~1.59) <0.001* 1.61(1.41~1.83) <0.001*
N2 245 (2.18~2.76) <0.001* 276 (2.41~3.17) <0.001%*
Regional nodes examined
<12 Ref Ref
>12 0.67 (0.59~0.77) <0.001*  0.68 (0.60~0.78) <0.001*
Radiation
No Ref
Yes 0.73 (0.58~0.93) 0.011*  1.13 (0.88~1.45) 0.352
Chemotherapy
No/unknown Ref Ref
Yes 0.50 (0.45~0.55) <0.001* 1.97 (0.28~14.13) 0.499
Treatment sequence
Only surgery Ref Ref
adjuvant 0.49 (0.45~0.54) <0.001*  0.43(0.39~0.48) <0.001*
neoadjuvant 0.57 (0.38~0.85) <0.006*  0.58 (0.39~0.87) 0.042%*
CEA*®
Negative Ref Ref
Positive 1.56 (1.42~1.72) <0.001*  1.40(1.27~1.54) 0.008%*
Perineural invasion
No Ref Ref
Yes 1.54 (1.39~1.71) <0.001* 1.27(1.14~1.42) <0.001*
Tumor deposits
No Ref Ref
Yes 1.83 (1.65~2.03) <0.001*  1.36 (1.22~1.53) <0.001*

@ Springer



72 Page 6 of 12

International Journal of Colorectal Disease (2025) 40:72

Table 2 (continued) Characteristics

Univariate analysis

Multivariate analysis

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Tumor size (mm)
<38 Ref Ref
>38 1.15 (1.02~1.30) <0.018* 1.12(0.99~1.27) 0.078

a, CEA, carcinoembryonic antigen

node metastasis, a greater likelihood of receiving chemora-
diotherapy, and smaller tumor size, although they had fewer
regional nodes examined. In addition, a comparative analy-
sis of CSS across three distinct tumor locations was con-
ducted (Figure S1). The findings revealed that the left-sided
group exhibited superior CSS compared with the right and
transverse groups. However, no significant disparities were
observed between the right-sided and the transverse groups.

Development and validation of a prognostic
nomogram

Using the multivariate analysis results from the training
set, we created a nomogram to predict CSS in T4 stage
CC patients (Fig. 2). Each variable was assigned a score
from 0 to 100 based on its impact on model accuracy. By
summing the scores for each patient, we derived a total
point value to estimate the likelihood of 1-year, 3-year,

and 5-year CSS. Notably, higher scores indicated worse
prognoses. In the training set, the nomogram showed a
C-index of 0.77 (95% CI: 0.74-0.79), significantly higher
than the 7th AJCC staging system (C-index 0.61, 95% CI:
0.59-0.62). ROC analysis showed AUC values of 0.81,
0.77, and 0.75 for 1-year, 3-year, and 5-year CSS, respec-
tively (Figure S2A-S2C). Calibration plots for 1-year,
3-year, and 5-year CSS confirmed good agreement between
predicted and observed outcomes (Figure S3A-S3C). DCA
curves indicated superior clinical utility compared to the
7th AJCC staging system (Figure S4A). Validation in
the independent validation set showed a C-index of 0.77
(95% CI: 0.73-0.80), with AUC values of 0.81, 0.77, and
0.77 for 1-year, 3-year, and 5-year CSS, respectively (Fig-
ure S2A-S2C). Calibration plots (Figure S3D-S3F) and
DCA (Figure S4B) in the testing set confirmed similar
findings to the training set, demonstrating improved clini-
cal utility over the 7th AJCC staging system.
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Fig.2 A nomogram to predict CSS in T4 stage CC patients. CSS, cancer-specific survival; CC, colon cancer
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Fig.3 The Kaplan—Meier survival curves of CSS between the high- »
risk group and the low-risk group in all (A), left-side colon (B), right-
side colon (C) and transverse colon (D) tumor sites. CSS, cancer-spe-
cific survival; HR, hazard ratio; CI, confidence interval

The effects of different treatment options in various
subgroups

Patients were divided into two subgroups based on their
scores in the prediction model: the low-risk group (<156
points) and the high-risk group (=156 points) in the CSS
nomogram. Kaplan—Meier survival curves showed a sig-
nificant difference in CSS between the two groups in dif-
ferent tumor sites (Fig. 3A-3D). By each process of PSM,
most baseline information of the variables was balanced
and comparable (see the tables in the supplementary files).
After PSM, we evaluated different treatment options in vari-
ous subgroups. Radiation therapy demonstrated no benefits
for T4 stage CC patients across various tumor locations
(Fig. 4A-4D). Similarly, radiation provided no advantages
in either low-risk or high-risk groups within all tumor sites
(Figures S5 and S6). In contrast, chemotherapy significantly
enhanced CSS across all tumor site groups (Fig. 5A-5D).
Moreover, chemotherapy yielded substantial benefits for
both risk groups across all tumor locations (Figures S7
and S8). Adjuvant therapy exhibited significant advantages
for T4 stage CC patients when compared to neoadjuvant
therapy, particularly within right-sided tumors (Fig. 6A-
6D). Additionally, among the high-risk group of T4 stage
CC patients, adjuvant therapy showed remarkable benefits;
however, there was no significant difference observed in
the low-risk group (Figures S9 and S10). Notably, adjuvant
treatment in the low-risk left-sided group resulted in a con-
siderable improvement in CSS (Figure S9B). However, due
to the grouping method and the database, some subgroups
had a small sample size, which affected the results.

Discussion

In contrast to T1-3 stages, T4 stage was identified as a
significant risk factor for CC, associated with increased
recurrence risk and decreased survival rates [15]. The
standard treatment for patients with T4 stage CC is adju-
vant chemotherapy following radical resection [6]. How-
ever, significant variability in clinical outcomes has been
observed among patients with T4 stage CC undergoing
similar treatments, with wide differences in survival rates
[16]. Additionally, a research indicated that the effects of
adjuvant chemotherapy varied significantly depending on
the tumor site [17]. However, most published studies on
prognostic predictions for CC did not specifically analyze
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2
i
Eo
3

““““

Log rank P <0.001
HR (95%CD): 0.296 (0.272 - 0.323)

8 84 90 9 102 108 114 120

Log rank P <0.001
HR (95%CD): 0.301 (0.263 - 0.345)

2 18 24 30 36 42 48 S 84 90 9 102 108 114 120

Si60 66 72
Time (Months)

Score = Highrisk = Low risk

Log rank P <0.001
HR (95%CI): 0.288 (0.253 - 0.327)

0 36 42 48 54 60 66 72 78 84 9% 9 102
Time (Months)

Score = Highrisk = Low risk

Log rank P <0.001
HR (95%C1): 0354 (0.272 - 0.460)

6 42 43 sS4 60 66 72 78 $4 90 9 102 108 114 120

Time (Months)

@ Springer



72 Page 8 of 12 International Journal of Colorectal Disease (2025) 40:72

a Radiation — No/Unknown = Yes a Chemotherapy = No/Unknown = Yes
100 100
075 075
& 2z
2 2
g B
£.0.50 & 050
g g
] 5
A 7
025 025 .
Log rank P = 0.959 Log rank P <0.001 s NOSUE
HR (95%CI): 1007 (0.770 - 1.318) HR (95%CI): 0517 (0.457 - 0.584)
0.00 0.00
0 6 12 I8 24 30 36 42 48 51 60 66 72 78 8 90 96 102 108 114 130 0 6 12 I3 20 30 36 42 43 54 60 66 72 78 81 90 96 102 108 L4 120
Time (Years) Time (Months)
b Radiation = No/Unknown = Yes b Chemotherapy = No/Unknown = Yes
100 100
075 075
2z 2
2 2
2 o5 (=i
& 050 & 050
= E
£ £
5 5
2 3
025 025
Log rank P = 0.679 Log rank P <0.001
HR (95%CI): 1080 (0.750 - 1.554) HR (95%CI): 0.589 (0.479 - 0.724)
0.00 0.00
0 6 1 18 48 51 6 66 72 8 % 96 102 108 114 130 0 6 12 38 20 30 36 42 43 54 60 66 72 78 84 90 96 102 108 14 120
Time (Months) Time (Months)
C Radiation = No/Unknown = Yes Cc Chemotherapy = No/Unknown = Yes
100 100
L
075 " 075
z 2
3 z
] E
2 2
£ 050 g 050
] el
& £
B 2
5 5
A A
Log rank P = 0,652 Log rank P <0.001 -
HR (95%C1): 0.906 (0.587 - 1.397) HR (95%CI): 0.549 (0.474 - 0.635)
0.00 0.00
G 6 12 I8 20 30 36 42 43 51 60 66 72 78 8 90 9 102 108 114 120 0 6 12 I8 20 30 36 42 48 51 60 66 72 73 8 9 96 102 108 14 120
Time (Years) Time (Years)
d Radiation = No/Unknown % Yes d Chemotherapy “ No/Unknown = Yes
100 100
075 075
2
z
2 ]
£ 2
[ 2
Eos0 & 050
] el
Z £
2 z
] 5
a A
025 025
Log rank P = 0.601 Log rank P=0.001
HR (95%CI): 1.462 (0.349 - 6.128) HR (95%CI): 0.554 (0.382 - 0.803)
0.00 0.00
0 6 12 I8 20 30 36 42 43 S1 60 66 72 78 & 9% 9 102 108 L4 120 0 6 12 I8 20 30 36 42 43 51 60 66 72 73 81 90 96 102 108 14 120

Time (Years) Time (Years)
Fig.5 The Kaplan—Meier survival curves of CSS under chemotherapy in all
(A), left-side colon (B), right-side colon (C) and transverse colon (D) tumor
sites. CSS, cancer-specific survival; HR, hazard ratio; CI, confidence interval

Fig.4 The Kaplan—-Meier survival curves of CSS under radiation therapy in all
(A), left-side colon (B), right-side colon (C) and transverse colon (D) tumor
sites. CSS, cancer-specific survival; HR, hazard ratio; CI, confidence interval
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Fig.6 The Kaplan—Meier survival curves of CSS between adjuvant »

therapy and neoadjuvant therapy in all (A), left-side colon (B), right-
side colon (C) and transverse colon (D) tumor sites. CSS, cancer-spe-
cific survival; HR, hazard ratio; CI, confidence interval

T4 stage patients, and there was a notable lack of efficacy
analyses for different treatment options across various sub-
groups [17, 18].

In this study, we analyzed prognostic factors and devel-
oped predictive nomograms for CSS in T4 stage CC patients.
Consistent with previous research, our analysis of 5,942 T4
stage patients from the SEER database identified T stage, N
stage, poor tumor grade, age, tumor histology, elevated CEA
levels, tumor deposits, number of regional nodes examined
and perineural invasion as independent prognostic factors for
CSS. Greater T stage, higher N stage, poorer tumor grade,
tumor histology, elderly and elevated CEA levels have been
widely recognized as independent risk factors influencing
tumor survival in numerous studies [19, 20]. Similarly, a
study indicated that adequate lymph node examination was
critical to the survival prognosis in stage III CRC patients
[21]. Besides, a recent research indicated that tumor depos-
its correlated with early metastasis and poor prognosis
[22]. Furthermore, we identified the tumor site and treat-
ment sequence as independent prognostic factors for CSS
in T4 stage CC patients, differing from findings in previous
studies [18]. A research reported that the prognosis of right
site CC was better than that of left site among patients with
stage I CC [23]. However, in our study, compared to the
left side, right site was recognized as independent risk factor
for CSS in T4 stage CC patients. The possible reason is that
left-sided patients had better tumor grade ( P <0.001) and
less reginal lymph nodes metastasis (P <0.001) compared
to right-sided patients with T4 stage CC. We hypothesize
that the phenomenon may be associated with microsatellite
instability (MSI) in CRC. Previous studies demonstrated that
MSI tumors clustered in later-onset CRC, predominantly
affecting right-colon locations and exhibiting poorly differ-
entiated histopathology [24, 25]. Furthermore, the phenom-
enon could potentially be associated with the tumor immune
escape mechanisms. CD47-mediated immune regulation
appears integral to tumor evasion mechanisms in CC. One
study demonstrated that significant CD47/SIRPa axis-driven
immunosuppression through phagocytosis inhibition [26].
Additionally, CD47 modulated the tumor microenvironment
(TME) by dysregulating cytokine networks, particularly
interleukin-10 and tumor growth factor-p signaling, foster-
ing an immune-privileged niche that supports malignant
progression in the right-sided CC [27].

A prior study indicated that adjuvant chemotherapy
offered no survival benefit for CSS in stage II colorectal

Survival probability

Treatment sequence = Adjuvant therapy = Neoadjuvant therapy

Log rank P =0.002
HR (95%C1): 2.353 (1.348 - 4.107)

Survival probability

5 12 I8 20 30 36 42 48 54 60 66 72
Time (Months)

Treatment sequence = Adjuvant therapy == Ne

Log rank P = 0.096
HR (95%CI): 1.985 (0.870 - 4.532)

Survival probability

2 48 54 60 66
Time (Months)

Treatment scquence = Adjuvant therapy = Neoadjuvant therapy

Log rank P = 0,016
HR (95%CI): 3.241 (1.175 - 8.941)

Survival probability

5 s 60 66
Time (Years)

Treatment sequence = 0 % 1

Log rank P = 0.357
HR (95%CI): 2.788 (0.287 - 27.123)

6 12 I8 24 30 36 42 48 51 60 66 72
Time (Years)
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cancer patients [28]. Conversely, our study found that chem-
otherapy significantly improved CSS in patients with T4
stage CC. The possible reason is that the higher T stage, the
more sensitive the tumor is to chemotherapy [29].

Using the predictive nomogram, patients were divided into
low-risk and high-risk subgroups. Kaplan—Meier analysis
revealed a significant difference in CSS between the two groups
across various tumor sites. After PSM in the training group, we
found that chemotherapy provided significant benefits for T4
stage CC patients, while radiation therapy showed no advan-
tage. Similar results were shown in different tumor sites. The
survival benefit of adjuvant chemotherapy in patients with T4
stage CC was well recognized and aligned with the findings
of our study [30]. Radiotherapy is an important treatment for
CRC, but its efficacy is hindered by the tumor's low radio-sen-
sitivity and the toxicity to adjacent healthy tissues. Optimal dos-
age and irradiation range are essential to reduce harm to normal
tissues, with modern techniques designed to enhance tumor
targeting while safeguarding healthy cells. Consistent with pre-
vious studies, our findings indicated that radiation offered no
benefits for T4 stage CC patients [31]. One possible explanation
is that adjuvant radiotherapy is not commonly employed for
T4 stage non-rectal colon adenocarcinoma due to its poten-
tial to cause long-term tissue damage and elevate the risk of
subsequent malignancies [32]. Additionally, our findings indi-
cated that adjuvant therapy after surgery offered superior CSS
compared to neoadjuvant treatment before surge in high-risk
T4 stage CC patients. However, some recent researches indi-
cated that neoadjuvant chemotherapy enhanced the chances of
negative resection margins in T3-4 stage advanced CC, offering
an alternative to initial surgery followed by chemotherapy for
locally advanced cases [33, 34]. In contrast, one study revealed
neoadjuvant therapy showed no significant benefits in patients
with high-risk stage IT and III CC [35]. One potential explana-
tion is that the high-risk group may have a higher proportion of
deficient mismatch repair (AMMR), who do not derive benefits
from neoadjuvant therapy [36]. Furthermore, our sample of
patients receiving neoadjuvant therapy was limited, highlight-
ing the need for larger clinical trials to validate these findings.

Understanding CSS is essential for alleviating anxiety
and improving quality of life in patients, particularly those
with initially poor prognoses. The CSS nomogram allows
clinicians to assess mortality risk and design personalized
follow-up and monitoring plans. This approach offers valu-
able insights into the evolving nature of postoperative sur-
vival, empowering both patients and clinicians to choose
better therapy options.

This study had several limitations. First, the SEER data-
base lacked key biomarker data, including MSI and dMMR
status, both of which are vital prognostic markers. Addition-
ally, it provided only basic therapeutic records without details
on surgical techniques, chemotherapy regimens, radiation
doses, patient health conditions, or socio-economic factors
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that may influence survival outcomes. These gaps limited
the depth of our analysis. Future researches should address
these variables to assess their impact better. Moreover, the
retrospective design introduced potential selection bias. More
prospective cohort studies or randomized controlled trials are
required to validate our results and reduce bias. Although the
SEER database is widely used in cancer researches, it mainly
covers cancer patient data from certain regions in the United
States. Therefore, the research results may not fully represent
the actual situation of T4 stage CC patients worldwide. Fur-
thermore, medical institutions and treatment teams in different
regions may adopt different treatment guidelines and practice
standards. Due to uneven distribution of medical resources,
differences in socioeconomic status or cultural differences,
some patients may not be able to receive the best treatment
plan. This inequality in treatment options may lead to poor
prognosis for patients, thereby affecting the assessment of
treatment effects in the research.

In future studies, the potential impact of other factors on
research results can be reduced by expanding the sample
size, including patient data from more regions, and adopt-
ing more rigorous data collection and processing methods.
At the same time, other databases or data sources can also
be considered for validation and supplementary analysis to
improve the accuracy of the results.

Conclusions

Our study offered a detailed analysis of prognostic factors
affecting CSS in T4 stage CC patients by use of data from
the SEER database. We developed and validated prediction
nomograms for CSS and assessed the impact of various
treatment options across different subgroups. Although our
model demonstrated encouraging performance in predicting
survival outcomes for T4 stage CC patients, further evalua-
tion through multicenter studies is necessary to confirm its
clinical applicability.
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