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Abstract

Background Conditional survival (CS) takes into consideration the duration of survival post-surgery and can provide valuable
additional insights. The aim of this study was to investigate the risk factors associated with reduced one-year postoperative
conditional survival in patients diagnosed with stage III T3-T4 colon cancer and real-time prognosis prediction. Furthermore,
we aim to develop pertinent nomograms and predictive models.

Methods Clinical data and survival outcomes of patients diagnosed with stage III T3-T4 colon cancer were obtained from the
Surveillance, Epidemiology, and End Results (SEER) database, covering the period from 2010 to 2019. Patients were divided
into training and validation cohorts at a ratio of 7:3. The training set consisted of a total of 11,386 patients for conditional
overall survival (cOS) and 11,800 patients for conditional cancer-specific survival (cCSS), while the validation set comprised
4876 patients for cOS and 5055 patients for cCSS. Univariate and multivariate Cox regression analyses were employed to
identify independent risk factors influencing one-year postoperative cOS and cCSS. Subsequently, predictive nomograms
for cOS and cCSS at 2-year, 3-year, 4-year, and 5-year intervals were constructed based on the identified prognostic factors.
The performance of these nomograms was rigorously assessed through metrics including the concordance index (C-index),
calibration curves, and the area under curve (AUC) derived from the receiver operating characteristic (ROC) analysis. Clini-
cal utility was further evaluated using decision curve analysis (DCA).

Results A total of 18,190 patients diagnosed with stage III T3-T4 colon cancer were included in this study. Independent risk
factors for one-year postoperative cOS and cCSS included age, pT stage, pN stage, pretreatment carcinoembryonic antigen
(CEA) levels, receipt of chemotherapy, perineural invasion (PNI), presence of tumor deposits, the number of harvested
lymph nodes, and marital status. Sex and tumor site were significantly associated with one-year postoperative cOS, while
radiation therapy was notably associated with one-year postoperative cCSS. In the training cohort, the developed nomo-
gram demonstrated a C-index of 0.701 (95% CI, 0.711-0.691) for predicting one-year postoperative cOS and 0.701 (95%
CI, 0.713-0.689) for one-year postoperative cCSS. Following validation, the C-index remained robust at 0.707 (95% CI,
0.721-0.693) for one-year postoperative cOS and 0.700 (95% CI, 0.716-0.684) for one-year postoperative cCSS. ROC and
calibration curves provided evidence of the model's stability and reliability. Furthermore, DCA underscored the nomogram’s
superior clinical utility.

Conclusions Our study developed nomograms and predictive models for postoperative stage III survival in T3-T4 colon
cancer with the aim of accurately estimating conditional survival. Survival bias in our analyses may lead to overestimation
of survival outcomes, which may limit the applicability of our findings.
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Introduction

Stage III colon cancer is characterized by lymph node
metastases, and T3-T4 stage tumors usually deeply infil-
trate the colon wall into the pericolonic tissues and nearby
lymph nodes, implying a greater tumor load and deeper
infiltration [1]. In stage III colorectal cancer, the propor-
tion of T3-T4 stage tumors is as high as 84.3% or 91.6%
[2]. Due to the deeper depth of invasion of these tumors,
the prognosis is usually poorer and the risk of local and
distant recurrence is higher [3]. Numerous studies have
consistently emphasized that lymph node involvement is
a key determinant of colorectal cancer progression and
prognosis [4]. Despite significant advances in the clinical
management of stage III colon cancer, our understanding
of how survival evolves over time in patients with stage III
T3-T4 colon cancer remains relatively limited.

While many survival rates reported in the literature are
static and calculated from the date of diagnosis or surgery,
assuming a uniform distribution of postoperative mortality
or recurrence risk [5], recent research indicates that the
risk of postoperative mortality or recurrence varies over
time [6]. Consequently, for long-term survivors, assess-
ing prognosis solely at the baseline underestimates the
dynamic changes in survival. This approach often leads
to frequent follow-up monitoring and an increased psy-
chological burden for patients. Conditional survival (CS)
addresses this issue by estimating the probability of sur-
vival for a specific number of years following diagnosis
or treatment while taking into account the time the patient
has survived. As a result, CS offers a more personalized
prognosis over a defined period, facilitating the adaptation
of postoperative follow-up strategies.

In addition to the postoperative duration, factors such
as tumor-node-metastasis (TNM) staging and tumor size
significantly influence patient prognosis. Studies have
demonstrated that survival nomograms, which incorporate
multiple critical prognostic factors, serve as precise tools
for evaluating postoperative survival [1, 7]. While several
survival nomograms have been developed for colon cancer
patients thus far, it is worth noting that these models often
give limited consideration to the patient’s postoperative
survival time

Therefore, the purpose of this study is to utilize data
extracted from the Surveillance, Epidemiology, and End
Results (SEER) database to identify risk factors asso-
ciated with reduced conditional survival rates one year
after surgery in patients with stage III T3-T4 colon can-
cer. Our objective is to evaluate conditional survival,
including conditional overall survival (cOS) and condi-
tional cancer-specific survival (cCSS), following curative
surgery. Additionally, we intend to develop conditional
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survival nomograms for predicting conditional survival
probabilities following the resection of stage III T3-T4
colon cancer.

Materials and methods
Included participants

This retrospective cohort study utilized data from patients
diagnosed and pathologically confirmed as stage III T3-T4
colon cancer (limited to those with a single primary tumor)
extracted from a total of 18 registries using the National
Cancer Institute’s SEER Cancer database for the period
2010 to 2019. Data screening and retrieval were conducted
using SEER*Stat 8.4.2 software (http://seer.cancer.gov/
seerstat/). Eligible patients were selected based on the fol-
lowing inclusion criteria: (1) diagnosis of stage III T3-T4
colon cancer according to the International Classification
of Diseases for Oncology, Third Edition (ICD-O-3), his-
tology codes 8140-8389 (adenocarcinomas); (2) diag-
nosis date falling within the range of 2010 to 2019; and
(3) availability of active follow-up data with well-defined
causes of mortality for deceased patients. Exclusion cri-
teria encompassed patients with non-primary tumors,
unclear pathological diagnoses, invalid follow-up data,
appendiceal tumors or unclear tumor locations, unclear
pathological grades, unspecified tumor sizes, uncertain
numbers of harvested lymph nodes, or unclear tumor
grades as per the AJCC classification (8th version). For
each patient, the study collected the following informa-
tion: age, sex, race, tumor stage, histological grade, tumor
site, tumor size, number of harvested lymph nodes, scope
of regional lymph nodes, marital status, pretreatment car-
cinoembryonic antigen (CEA) levels, perineural invasion
(PNI), receipt of postoperative chemotherapy/radiation,
presence of tumor deposits, survival time in months, and
survival status.

Data extraction

Patients were divided into training and validation cohorts at
aratio of 7:3. The training set consisted of a total of 11,386
patients for cOS and 11,800 patients for cCSS, while the
validation set comprised 4876 patients for cOS and 5055
patients for cCSS (Fig. 1). Marital status was categorized
as either married or unmarried (single, widowed, divorced,
and separated). The number of sampled lymph nodes was
grouped as < 12 or > 12, and tumor size was categorized
as <5 cm or > 5 cm using the X-tile program [8].
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Statistical analysis

Overall survival (OS) was calculated from the time of bowel
resection until death from any cause or the last follow-up
visit. Cancer-specific survival (CSS) was defined as the
time between the date of surgery and the date of recurrence,
or last follow-up if there was no recurrence. Conditional
survival (CS) is defined as the probability of surviving for
another y years if the patient has survived for x years and can
be calculated from Kaplan—Meier survival data. In this study,
we evaluated cOS and cCSS. The mathematical expression
for CS is CS(xly) =S(x+y) / S(x), where S(x) represents the
survival estimate calculated using the Kaplan—-Meier method
at x years after surgery [9]. For example, cOS(2I3) represents
the probability that a patient who has survived 2 years will
survive another 3 years, calculated by dividing the 5-year
Kaplan—Meier overall survival estimate (OS(5)) by the
2-year overall survival estimate (OS(2)) [9, 10].

All patients were randomly allocated to either the training
or validation cohorts using a 7:3 ratio. The primary outcome
measures for this study included one-year postoperative
cOS and cCSS [11]. Categorical variables were presented
as numbers and percentages (1, %), and differences in vari-
able distribution between the training and validation cohorts
were assessed using the chi-square test. Variables with a
P-value <0.05 in the univariate analysis were subsequently
included in the multivariate analysis. A multivariate Cox
proportional hazards model, employing backward elimina-
tion, was employed to derive the most acolon cancerurate
and parsimonious model for identifying survival predictors.
The assumptions underlying the Cox proportional hazards
model were assessed and found to be met. Based on the pre-
dictive model utilizing the identified prognostic factors, CS
nomograms were constructed to predict the 2-year, 3-year,
4-year, and 5-year postoperative cOS and cCSS [12].

The performance of the nomogram in both the training
and validation cohorts was assessed through the following
steps: Concordance index (C-index) was employed to evalu-
ate the predictive performance of the nomogram. The area
under the receiver operating characteristic (ROC) curve
(AUC) with a 95% confidence interval (CI) was calculated
to assess the nomogram's discrimination ability. An AUC
value exceeding 0.7 was considered indicative of good pre-
dictive capabilities [13]. Additionally, decision curve analy-
sis (DCA) was conducted to compare the clinical utility of
the nomogram. All statistical analyses were carried out using
R software (version 4.3.1), and a two-sided P-value <0.05
was considered statistically significant.
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Results
Basic characteristics of the patients

The demographic and clinical characteristics of stage II1
T3-T4 colon cancer patients in both the training and valida-
tion cohorts are summarized in Table 1. With the exception
of perineural invasion, no significant differences in demo-
graphic and clinical characteristics were observed between
the training and validation groups.

Conditional survival

The 5-year OS and CSS rates for the patients were 60.2%
and 69.5%, respectively. The probabilities of cOS and cCSS
are presented in Table 2, and the corresponding survival
curves, based on the number of years already survived after
surgery, are depicted in Fig. 2. The probability of achiev-
ing a 5-year OS after surgery increased progressively from
60.2% immediately after surgery to 67.9%, 75.3%, 83.6%,
and 91.4% with 1, 2, 3, and 4 years already survived, respec-
tively. Similarly, the probability of achieving a 5-year CSS
after surgery increased from 69.5% directly after surgery to
75.5%, 82.0%, 88.6%, and 94.4% with 1, 2, 3, and 4 years
already survived, respectively. These findings highlight that
the longer patients had already survived, the greater their
chances of additional years of survival [9].

Risk factors for one-year postoperative cOS
and cCSS

Univariate logistic regression analysis revealed associa-
tions between age, tumor site, pT stage, pN stage, receipt
of chemotherapy, pretreatment CEA levels, number of har-
vested lymph nodes, presence of tumor deposits, perineural
invasion, and marital status with one-year postoperative cOS
and cCSS. Sex was found to be associated with one-year
postoperative cOS, while radiation was associated with one-
year postoperative cCSS. Subsequently, in the multivariate
logistic analysis, age, pT stage, pN stage, receipt of chemo-
therapy, pretreatment CEA levels, number of harvested
lymph nodes, presence of tumor deposits, perineural inva-
sion, and marital status were identified as independent risk
factors for one-year postoperative cOS and cCSS. Further-
more, sex and tumor site were recognized as independent
risk factors for one-year postoperative cOS, while radiation
was established as an independent risk factor for one-year
postoperative cCSS (Tables 3 and 4).
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Table 1 Baseline characteristics of the training set and validation set based on 1-year postoperative conditional overall survival and conditional

cancer-specific survival

1-year postoperative conditional

overall survival

1-year postoperative conditional
cancer-specific survival

Training set Validation set P-value Training set Validation set P-value
(N=11,386) (N=4876) (N=11,800) (N=5055)
Age
<50 years 1593 (14.0%) 714 (14.6%) 0.328 1601 (13.6%) 721 (14.3%) 0.58
50-59-years 2330 (20.5%) 1001 (20.5%) 2379 (20.2%) 992 (19.6%)
60-69—years 2984 (26.2%) 1323 (27.1%) 3068 (26.0%) 1340 (26.5%)
70-79—years 2584 (22.7%) 1069 (21.9%) 2704 (22.9%) 1123 (22.2%)
80+ years 1895 (16.6%) 769 (15.8%) 2048 (17.4%) 879 (17.4%)
Sex
Female 5531 (48.6%) 2415 (49.5%) 0.274 5746 (48.7%) 2469 (48.8%) 0.874
Male 5855 (51.4%) 2461 (50.5%) 6054 (51.3%) 2586 (51.2%)
Race
American Indian/Alaska Native 91 (0.8%) 43 (0.9%) 0.822 90 (0.8%) 47 (0.9%) 0.352
Asian or Pacific Islander 1296 (11.4%) 543 (11.1%) 1293 (11.0%) 586 (11.6%)
Black 1396 (12.3%) 617 (12.7%) 1479 (12.5%) 608 (12.0%)
White 8603 (75.6%) 3673 (75.3%) 8938 (75.7%) 3814 (75.5%)
Site
Ascending colon 2060 (18.1%) 889 (18.2%) 0.866 2166 (18.4%) 929 (18.4%) 0.061
Cecum 2428 (21.3%) 1014 (20.8%) 2539 (21.5%) 1045 (20.7%)
Descending colon 759 (6.7%) 315 (6.5%) 766 (6.5%) 337 (6.7%)
Hepatic flexure 522 (4.6%) 234 (4.8%) 520 (4.4%) 262 (5.2%)
Rectosigmoid junction 1160 (10.2%) 490 (10.0%) 1170 (9.9%) 528 (10.4%)
Sigmoid colon 3072 (27.0%) 1321 (27.1%) 3213 (27.2%) 1300 (25.7%)
Splenic flexure 393 (3.5%) 191 (3.9%) 404 (3.4%) 202 (4.0%)
Transverse colon 992 (8.7%) 422 (8.7%) 1022 (8.7%) 452 (8.9%)
pT
T3 8755 (76.9%) 3747 (76.8%) 0.963 9050 (76.7%) 3866 (76.5%) 0.585
T4a 1860 (16.3%) 803 (16.5%) 1958 (16.6%) 828 (16.4%)
T4b 771 (6.8%) 326 (6.7%) 792 (6.7%) 361 (7.1%)
pN
Nla 3550 (31.2%) 1470 (30.1%) 0.577 3629 (30.8%) 3629 (30.8%) 0.993
Nl1b 3606 (31.7%) 1598 (32.8%) 3783 (32.1%) 1614 (31.9%)
Nlc 570 (5.0%) 234 (4.8%) 592 (5.0%) 249 (4.9%)
N2a 2162 (19.0%) 937 (19.2%) 2247 (19.0%) 954 (18.9%)
N2b 1498 (13.2%) 637 (13.1%) 1549 (13.1%) 670 (13.3%)
Scope of regional lymph nodes
1 to 3 regional LNs 110 (1.0%) 64 (1.3%) 0.144 133 (1.1%) 49 (1.0%) 0.658
4 or more regional LNs 11,160 (98.0%) 4763 (97.7%) 11,548 (97.9%) 4954 (98.0%)
None 116 (1.0%) 49 (1.0%) 119 (1.0%) 52 (1.0%)
Radiation
None/unknown 10,899 (95.7%) 4670 (95.8%) 0.913 11,327 (96.0%) 4823 (95.4%) 0.092
Yes 487 (4.3%) 206 (4.2%) 473 (4.0%) 232 (4.6%)
Chemotherapy
No/unknown 3002 (26.4%) 1306 (26.8%) 0.593 3345 (28.3%) 1413 (28.0%) 0.615
Yes 8384 (73.6%) 3570 (73.2%) 8455 (71.7%) 8455 (71.7%)
CEA pretreatment
CEA negative/normal 6462 (56.8%) 2698 (55.3%) 0.097 6617 (56.1%) 2821 (55.8%) 0.759

CEA positive/elevated

4924 (43.2%)

2178 (44.7%)

5183 (43.9%)

2234 (44.2%)
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Table 1 (continued)

1-year postoperative conditional 1-year postoperative conditional
overall survival cancer-specific survival
Training set Validation set P-value Training set Validation set P-value
(N=11,386) (N=4876) (N=11,800) (N=5055)
Harvested lymph nodes
<12 LNs 828 (7.3%) 389 (8.0%) 0.125 900 (7.6%) 388 (7.7%) 0.939
>12 LNs 10,558 (92.7%) 4487 (92.0%) 10,900 (92.4%) 4667 (92.3%)
Tumor deposits
No 9140 (80.3%) 3941 (80.8%) 0.43 9461 (80.2%) 4091 (80.9%) 0.269
Yes 2246 (19.7%) 935 (19.2%) 2339 (19.8%) 964 (19.1%)
Tumor size
<5cm 6080 (53.4%) 2586 (53.0%) 0.683 6269 (53.1%) 2673 (52.9%) 0.78
>5cm 5306 (46.6%) 2290 (47.0%) 5531 (46.9%) 2382 (47.1%)
Perineural invasion
No/unknown 9212 (80.9%) 4021 (82.5%) 0.02 9573 (81.1%) 4134 (81.8%) 0.329
Yes 2174 (19.1%) 855 (17.5%) 2227 (18.9%) 921 (18.2%)
Marital status
Married 6437 (56.5%) 2741 (56.2%) 0.719 6628 (56.2%) 2814 (55.7%) 0.559
Unmarried 4949 (43.5%) 2135 (43.8%) 5172 (43.8%) 2241 (44.3%)

pT pathologic Tumor, pN pathologic Nodes, LNs Lymph Nodes, CEA carcinoembryonic antigen

Table 2 Conditipnal ove.rall 1 5 3 4 5 6 7 8
and cancer-specific survival
estimates Overall Actuarial survival ~ Overall survival for patients surviving (yrs)
survival
(yrs)
1 88.6%
2 79.9% 90.2%
3 72.0% 81.3% 90.1%
4 65.9% 744% 82.5% 91.5%
5 60.2% 679% 753% 83.6% 91.4%
6 55.6% 62.8% 69.6% 772% 84.4% 92.4%
7 52.3% 59.0% 65.5% 72.6% 794% 869% 94.1%
8 48.8% 551% 61.1% 67.8% 74.1% 81.1% 87.8% 93.3%
9 46.1% 520% 57.7% 64.0% 70.0% 76.6% 82.9% 88.1% 94.5%
Cancer- Actuarial survival —Cancer-specific survival for patients surviving (yrs)
specific
survival
(yrs)
1 92.0%
2 84.8% 92.2%
3 78.4% 852% 92.5%
4 73.6% 80.0% 86.8% 93.9%
5 69.5% 755% 82.0% 88.6% 94.4%
6 66.4% 722% 783% 84.7% 90.2% 95.5%
7 64.4% 70.0% 759% 82.1% 81.5% 92.7% 97.0%
8 62.3% 67.7% 73.5% 79.5% 84.6% 89.6% 93.8% 96.7%
9 61.2% 66.5% 722% 78.1% 832% 88.1% 922% 95.0% 98.2%
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Fig.2 Kaplan—Meier estimates of survival after surgery (0 years) and conditional survival according to years already survived after surgery

(1-5 years). A Overall survival; B cancer-specific survival

Construction and performance of the nomogram

Predictive nomograms for patients with stage III T3-T4
colon cancer were constructed using independent risk fac-
tors identified for one-year postoperative cOS and cCSS,
as shown in Fig. 3A, B. These nomograms provide scores
corresponding to each risk factor, with the total score repre-
senting the sum of all variable scores. The risk of developing
cOS and cCSS at one year postoperatively is determined by
drawing a line from the total score to the corresponding risk
score. In the training cohort, the nomogram had a one-year
postoperative cOS C-index of 0.701 (95% CI, 0.711-0.691)
and a one-year postoperative cCSS C-index of 0.701 (95%
CI, 0.713-0.689). After validation, the C-index was 0.707
(95% CI, 0.721-0.693) for one-year postoperative cOS and
0.700 (95% CI, 0.716-0.684) for one-year postoperative
cCSS. These results indicate that the nomogram model has
strong predictive performance and reliability.

As indicated by the calibration curves, the nomograms
demonstrated a substantial alignment between predicted
and observed outcomes in both the training and valida-
tion cohorts, with prediction curves closely resembling the
diagonal line (Figs. 4 and 5). In the training and validation
cohorts, the 2-year, 3-year, 4-year, and 5-year AUC values
for one-year postoperative conditional overall survival (cOS)
were 0.732, 0.728, 0.734, and 0.737 and 0.748, 0.755, 0.745,
and 0.737, respectively (Fig. 6A, B). Similarly, in the train-
ing and validation cohorts, the 2-year, 3-year, 4-year, and
5-year AUC values for one-year postoperative cCSS were
0.732,0.728, 0.734, and 0.737 and 0.748, 0.755, 0.745, and

0.737, respectively (Fig. 6C, D). Decision curve analysis
revealed that, when compared to the AJCC TNM staging
system, the nomograms achieved a superior net benefit in
predicting all-cause and cancer-specific mortality in both
the training and validation cohorts (Fig. 7).

Discussion

Stage III colon cancer is characterized by lymph node metas-
tasis, with T3—-T4 tumors often deeply infiltrating the colon
wall and nearby lymph nodes, significantly reducing the
chances of survival [1]. Therefore, the risk of postoperative
death or recurrence in colon cancer patients is not constant
[14]. For patients who have survived for some time after
surgery, the assessment of prognosis based on OS or CSS
immediately after surgery may lead to an underestimation
of survival, necessitating frequent follow-up monitoring. In
this study, we evaluated the 1-year cOS and cCSS after radi-
cal resection in patients with stage III T3-T4 colon cancer.
Additionally, we developed a nomogram designed to provide
precise prognosis information to both patients and physi-
cians. This nomogram allows for a visual representation of
the increasing likelihood of surviving stage III T3—-T4 colon
cancer as more time passes. The longer a patient survives
after surgery, the greater their chance of surviving for one
year. Consequently, this study aims to assess the CS of stage
IIT T3-T4 colon cancer patients who undergo radical sur-
gery. Our findings demonstrate that the chances of survival
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Table 3 Univariable and multivariable Cox proportional hazards analysis of risk factors associated with conditional overall survival

Variable Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value

Age

<50 years Reference Reference

50-59 years 1.299 1.116 1.511 0.001 1.307 1.123 1.522 0.001

60-69 years 1.625 1.411 1.872 <0.001 1.603 1.390 1.849 <0.001

70-79 years 2.348 2.044 2.698 <0.001 2.181 01.892 2.515 <0.001

80+ years 4.072 3.547 4.676 <0.001 3.420 2.948 3.967 <0.001
Sex

Female Reference Reference

Male 1.074 1.002 1.150 0.044 1.248 1.162 1.341 <0.001
Race

American Indian/Alaska Native Reference

Asian or Pacific Islander 0.902 0.601 1.353 0.618

Black 1.047 0.699 1.567 0.825

White 0.963 0.650 1.428 0.852
Site

Ascending colon Reference Reference

Cecum 1.085 0.976 1.207 0.133 0.981 0.881 1.092 0.722

Descending colon 0.776 0.660 0.912 0.002 0.842 0.716 0.992 0.039

Hepatic flexure 1.128 0.953 1.337 0.163 1.119 0.945 1.326 0.193

Rectosigmoid junction 0.811 0.708 0.930 0.003 0.906 0.788 1.041 0.162

Sigmoid colon 0.809 0.728 0.900 <0.001 0.909 0.816 1.013 0.084

Splenic flexure 0.947 0.775 1.156 0.591 0.947 0.774 1.158 0.594

Transverse colon 0.958 0.833 1.102 0.547 0.931 0.810 1.072 0.320
pT

T3 Reference Reference

T4a 1.560 1.428 1.704 <0.001 1.433 1.311 1.568 <0.001

T4b 1.756 1.553 1.986 <0.001 1.524 1.345 1.727 <0.001
pN

Nla Reference Reference

Ni1b 1.245 1.136 1.365 <0.001 1.242 1.133 1.362 <0.001

Nlc 1.287 1.064 1.556 0.009 0.918 0.745 1.130 0.419

N2a 1.543 1.397 1.704 <0.001 1.610 1.456 1.781 <0.001

N2b 1.938 1.741 2.156 <0.001 2.127 1.904 2.376 <0.001
Scope of regional lymph nodes

1 to 3 regional LNs Reference

4 or more regional LNs 1.046 0.739 1.482 0.799

None 1.169 0.716 1.908 0.533
Radiation

None/Unknown Reference

Yes 1.076 0.923 1.255 0.348
Chemotherapy

No/Unknown Reference Reference

Yes 0.460 0.429 0.494 <0.001 0.600 0.555 0.649 <0.001
CEA pretreatment

CEA negative/normal Reference Reference

CEA positive/elevated 1.544 1.441 1.654 <0.001 1.392 1.299 1.492 <0.001
Harvested lymph nodes

< 12LNs Reference Reference
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Table 3 (continued)

Variable Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value

>12LNs 0.630 0.566 0.700 <0.001 0.609 0.547 0.679 <0.001
Tumor deposits

No Reference Reference

Yes 1.399 1.283 1.527 <0.001 1.408 1.277 1.551 <0.001
Tumor size

<5cm Reference

>5cm 1.016 0.948 1.089 0.653
Perineural invasion

No/unknown Reference Reference

Yes 1.381 1.269 1.502 <0.001 1.290 1.182 1.408 <0.001
Marital status

Married Reference Reference

Unmarried 1.349 1.260 1.445 <0.001 1.195 1.112 1.284 <0.001

pT pathologic tumor, pN pathologic nodes, LNs lymph nodes, CEA carcinoembryonic antigen

increase significantly with a longer post-surgery survival
period. We have created CS nomogram plots to offer acolon
cancerurate prognostic information for both patients and
clinicians.

Conditional survival incorporates the time a patient has
already survived into survival probability assessments. In
this study, if patients have survived for 3 years postopera-
tively, the probabilities of achieving a 5-year OS and CSS
have increased from 60.2% and 69.5% immediately post-
surgery to 83.6% and 88.6%, respectively. Therefore, CS
can offer valuable supplementary information for predict-
ing post-radical surgery survival in patients with stage III
T3-T4 colon cancer. This trend is supported by CS studies
in other malignancies [15, 16]. Furthermore, with increas-
ing survival time, patients with poorer tumor characteristics
experience a more significant improvement in CS compared
to those with better characteristics. Most high-risk patients
with malignancies sucolon cancerumb shortly after surgery.

In this analysis, age, pT stage, pN stage, chemotherapy,
pretreatment CEA levels, number of harvested lymph nodes,
tumor deposits, perineural invasion, and marital status were
identified as independent risk factors for one-year postopera-
tive cOS and cCSS. Additionally, sex and site were identified
as independent risk factors for one-year postoperative cOS,
while radiation was identified as an independent risk factor
for one-year postoperative cCSS. pT stage, pN stage, chemo-
therapy, pretreatment CEA levels, perineural invasion have
been widely recognized in numerous studies as independent
risk factors affecting tumor survival [17, 18]. Shimomura’s
study concluded that adequate lymph node examination is
essential to ensure the prognostic value of the lymph node
ratio in patients with stage III colorectal cancer [19]. Lewis

et al. found that older patients diagnosed with stage I or II
disease had worse overall survival, but at higher stages of
the disease, overall survival for all age groups was similar
[20]. Krajc et al. demonstrated that marriage was associated
with significantly higher overall survival, while unmarried
men were associated with significantly lower survival rates,
marital status should be considered when providing cancer
care [21]. Pu et al. concluded that stage N1 patients with
tumor deposits have the same risk of recurrence as stage N2
patients without tumor deposits, highlighting tumor deposi-
tion as an independent poor prognostic factor, particularly
in stage N2 [22]. Liu et al. [23] developed nomograms for
predicting the overall survival of stage II-III colorectal can-
cer patients. They also identified preoperative mean platelet
volume, preoperative platelet distribution width, monocytes,
and postoperative adjuvant chemotherapy as independent
risk factors for survival in stage II-III rectal cancer. These
findings collectively underscore the significance of these
risk factors in predicting postoperative survival outcomes
in patients with colon and rectal cancer.

While radiotherapy is an important clinical option for
colorectal cancer, its utilization is constrained by the low
radiosensitivity of colorectal cancer and the high toxicity to
surrounding normal tissues [24]. The choice of dosage and
irradiation range is of paramount importance regarding its
impact on normal tissues. Precise control is imperative in the
planning of radiation therapy to minimize radiation exposure
to normal tissues. Modern radiation therapy techniques are
typically designed to reduce damage to normal tissues while
maximizing the impact on tumor tissues [25]. In this study,
postoperative radiotherapy is a potential risk factor for stage
IIT T3-T4 colon cancer patients. This may be attributed to
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Table 4 Univariable and multivariable Cox proportional hazards analysis of risk factors associated with conditional cancer-specific survival

Variable Univariate analysis Multivariate analysis
HR 95% C1 P-value HR 95% CI P-value

Age

<50 years Reference Reference

50-59 years 1.226 1.044 1.439 0.013 1.231 1.048 1.446 0.011

60-69 years 1.350 1.160 1.572 <0.001 1.369 1.174 1.596 <0.001

70-79 years 1.642 1,410 1.912 <0.001 1.558 1.333 1.820 <0.001

80+ years 2.529 2.167 2.952 <0.001 2.200 1.863 2.599 <0.001
Sex

Female Reference Reference

Male 1.017 0.936 1.105 0.693 1.248 1.162 1.341 <0.001
Race

American Indian/Alaska Native Reference

Asian or Pacific Islander 0.947 0.579 1.550 0.830

Black 1.135 0.696 1.851 0.610

White 0.968 0.600 1.562 0.896
Site

Ascending colon Reference Reference

Cecum 1.248 1.095 1.422 <0.001 1.110 0.974 1.265 0.119

Descending colon 0.862 0.706 1.053 0.146 0.901 0.737 1.101 0.306

Hepatic flexure 1.199 0.973 1.477 0.087 1.217 0.988 1.499 0.065

Rectosigmoid junction 1.016 0.865 1.194 0.842 1.012 0.847 1.209 0.898

Sigmoid colon 0.897 0.787 1.021 0.100 0.921 0.807 1.051 0.219

Splenic flexure 0.903 0.700 1.165 0.432 0.892 0.691 1.152 0.381

Transverse colon 1.02 0.858 1.214 0.814 0.988 0.830 1.175 0.890
pT

T3 Reference Reference

T4a 1.989 1.799 2.199 <0.001 1.762 1.591 1.951 <0.001

T4b 2.341 2.042 2.683 <0.001 1.965 1.711 2.258 <0.001
pN

Nla Reference Reference

N1b 1.367 1.220 1.532 <0.001 1.309 1.167 1.468 <0.001

Nlc 1.219 0.956 1.552 0.11 0.829 0.639 1.077 0.160

N2a 1.678 1.484 1.896 <0.001 1.494 1.312 1.702 <0.001

N2b 2.388 2.103 2.710 <0.001 1.881 1.584 2.232 <0.001
Scope of regional lymph nodes

1 to 3 regional LNs Reference

4 or more regional LNs 1.103 0.737 1.649 0.634

None 1.534 0.893 2.635 0.121
Radiation

None/unknown Reference Reference

Yes 1.226 1.028 1.461 0.023 1.295 1.059 1.585 0.012
Chemotherapy

No/unknown Reference Reference

Yes 0.581 0.533 0.635 <0.001 0.652 0.591 0.718 <0.001
CEA pretreatment

CEA negative/normal Reference Reference

CEA positive/elevated 1.70 1.564 1.847 <0.001 1.483 1.364 1.613 <0.001

Harvested lymph nodes
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Table 4 (continued)

Variable Univariate analysis Multivariate analysis
HR 95% C1 P-value HR 95% CI P-value

< 12LNs Reference Reference

>12LNs 0.621 0.548 0.705 <0.001 0.582 0.512 0.662 <0.001
Tumor deposits

No Reference Reference

Yes 1.509 1.363 1.670 <0.001 1.481 1.325 1.656 <0.001
Tumor size

<5cm Reference

>5cm 1.066 0.938 0.981 0.132
Perineural invasion

No/unknown Reference Reference

Yes 1.549 1.403 1.709 <0.001 1.302 1.175 1.441 <0.001
Marital status

Married Reference Reference

Unmarried 1.258 1.158 1.367 <0.001 1.147 1.054 1.247 0.001

pT pathologic tumor, pN pathologic nodes, LNs lymph nodes, CEA carcinoembryonic antigen

the inherent nature of radiotherapy, which can potentially
cause harm to normal tissues. McLaughlin et al. contend that
adjuvant radiotherapy is not routinely employed for deter-
ministic treatment of T4 non-rectal colon adenocarcinoma
and may also lead to long-term effects, including permanent
tissue damage, such as intestinal or urinary tract strictures,
as well as an increased risk of subsequent malignancies [26].
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Understanding the increasing likelihood of survival over
time can help alleviate anxiety among survivors and
improve their quality of life, especially for those initially
diagnosed with a poor prognosis. Clinical practitioners
can utilize CS nomograms to assess the risk of death or
recurrence, enabling them to design effective follow-up

@ Springer

and monitoring strategies. This approach, rooted in the
“Conditional Survival Analysis of Stage III T3-T4 Colon
Cancer One Year Following Surgical Resection,” provides
valuable insights into the dynamic nature of postoperative
survival and empowers both patients and clinicians with
better-informed decisions.
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This study does have some limitations: (1) Due to the lack
of external validation, our analyses may be subject to sur-
vival bias, which may lead to an overestimation of survival
because we focused only on the survival time of survivors.
To reduce this bias in future studies, we recommend a rigor-
ous approach that includes external validation, ROC curve

analysis over time, and inverse probability weighting. These
strategies are essential to more accurately assess and report
conditional survival, ensure the reliability of study results,
and deepen understanding of the impact of treatment on
survival outcomes. (2) This study applies primarily to non-
specific adenocarcinoma types and may not be applicable
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to all adenocarcinoma subtypes, especially mucinous and
imprinted cell carcinomas. Future studies should consider
the inclusion of these subtypes to provide broader applica-
ble insights. (3) The current SEER database lacks detailed
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information on treatment modalities, including periopera-
tive management and specific chemotherapy regimens, and
this lack of information prevents us from fully assessing the

impact of various treatments on survival.
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Fig.7 The decision curve analysis (DCA) curves of nomograms for
conditional overall and cancer-specific survival, the nomograms (red
line) had a better clinical net value than the TNM staging system

Conclusion

We developed nomograms and predictive models designed
to predict survival in patients with postoperative stage III
T3-T4 colon cancer. Although our models are expected to
provide more accurate estimates of conditional survival, our
analyses were subject to survival bias. This may lead to an
overestimation of conditional survival and may affect the
generalizability of our findings. Future studies should seek
to externally validate and refine these predictive models to
ensure that they provide appropriate and accurate tools for
patient risk assessment.
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