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ABSTRACT

Objective: To develop a new nomogram tool for predicting survival in middle-aged and elderly patients with
rectal adenocarcinoma.

Methods: A total of 6,116 patients were randomly assigned in a 7:3 ratio to training and validation cohorts.
Univariate and multivariate Cox proportional hazards regression analyses were used to identify independent
prognostic factors associated with overall survival (OS) and cancer-specific survival (CSS) in the training set, and
two nomogram prognostic models were constructed. The validity, accuracy, discrimination, predictive ability, and
clinical utility of the models were assessed based on the concordance index (C-index), area under the receiver
operating characteristics (ROC) curve, time-dependent area under the ROC curve (AUC), Kaplan-Meier survival
curve, and decision curve analyses.

Results: Predictors of OS and CSS were identified, and nomograms were successfully constructed. The calibra-
tion discrimination for both the OS and CSS nomogram prediction models was good (C-index: 0.763 and 0.787,
respectively). The AUC showed excellent predictive performance, and the calibration curve exhibited signifi-
cant predictive power for both nomograms. The time-dependent AUC showed that the predictive ability of the
predictor-based nomogram was better than that of the TNM stage. The nomograms successfully discriminated
high-, medium-, and low-risk patients for all-cause and cancer-specific mortality. The decision curve demon-
strated that the nomograms are useful with respect to good decision power.

Conclusion: Our nomogram survival prediction models may aid in evaluating the prognosis of middle-aged and
older patients with rectal adenocarcinoma and guiding the selection of the clinical treatment measures.

Introduction

Institute in 1973, currently covers 28% of cancer patients. Data are de-
rived from clinical sources, including patients’ clinically relevant infor-

The incidence of rectal cancer has exceeded that of gastric can-
cer and liver cancer, becoming the second most common solid malig-
nancy [1]. The most frequently observed site of colorectal cancer is
the rectum, and the main pathological type is adenocarcinoma. Rectal
adenocarcinomas mainly affect middle-aged and older patients (aged
>45 years) [2]. Therefore, it is important to establish a prognostic
model of rectal adenocarcinoma for this population in order to de-
velop effective methods for diagnosis and treatment, as well as to assess
prognosis.

The Surveillance, Epidemiology, and End Results (SEER) database,
a tumor-related registry database established by the National Cancer
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mation, treatment costs, and social information, which provide evidence
support and important data for medical research [3]. Nomograms are
used to construct survival prediction models that can comprehensively
incorporate multiple prognostic indicators and quantify risk with intu-
itive graphs. They are used as tools for assessing risks and benefits, and
they aid in clinical diagnoses and decision-making regarding treatment
strategies [4].

Previous clinical survival model studies have used limited numbers
of samples and relied on restricted evaluations, reducing their clinical
application. At the same time, recent advances in medical technology
have affected prognostic outcomes. Thus, it is important to establish a
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method to evaluate the prognostic outcome of middle-aged and older
patients with rectal adenocarcinoma in a reasonable and accurate way.
Here, we analyzed relevant clinical data of this population registered in
the SEER database between 2010 and 2015 to construct a nomogram
survival model for predicting patient 3- and 5-year overall survival (OS)
and cancer-specific survival (CSS). The nomogram provides a good pre-
diction tool that may help guide physicians in generating more accurate
individual diagnoses and treatment plans.

Materials and methods
Patient data collection

Data were obtained from the SEER database
(https://seer.cancer.gov/data/). SEER*Stat version 8.3.6 software
was used. Permission to access the SEER database was obtained
(accession number: 12285-Nov2019).

The inclusion criteria were as follows: (1) registration in the SEER
database from 2010 to 2015, (2) diagnosis of rectal adenocarcinoma,
(3) surgical treatment, and (4) availability of complete follow-up in-
formation. The exclusion criteria were as follows: (1) unclear diagnos-
tic methods; (2) unknown ethnicity; (3) unknown TNM stage; (4) un-
known tumor size; (5) unknown histological grade; (6) unknown carci-
noembryonic antigen (CEA), circumferential resection margin (CRM),
tumor implantation (TD), and perineural invasion (PNI) data; or
(7) unknown number of positive lymph nodes and examined lymph
nodes.

We collected the following information for each patient: year of di-
agnosis, age, ethnicity, sex, tumor location, histological grade, clinical
stage, CEA, TD, CRM, PNI, tumor size, number of positive lymph nodes,
number of examined lymph nodes, metastasis status, histopathological
type (malignant behavior based on ICD-0O-3), survival time, cause of
death, and survival status. Clinical staging was based on the 7th edition
of the American Joint Committee on Cancer (AJCC) staging system. The
CEA level was determined according to the highest value in the preop-
erative test results.

Clinical data were obtained from the SEER database for 260,833 pa-
tients. A total of 6116 eligible patients were enrolled. The flowchart for
the inclusion of patients is shown in Fig. 1. Seventy percent of eligible
patients were randomly divided into a training cohort and the remaining
30% into a validation cohort using R software.

Study endpoints

The study endpoints were OS and CSS. Moreover, the 3-year and 5-
year survival outcomes were assessed. The validity, accuracy, discrim-
ination, predictive ability, and clinical utility of the nomogram were
assessed based on the C-index, receiver operating characteristics (ROC)
curve, time-dependent area under the ROC curve (AUC), decision curve,
and calibration curve.

OS was defined as the time from diagnosis to death or follow-up [5].
CSS was defined as the time from diagnosis to death or follow-up for
rectal cancer [6].

Statistical analysis

The X-tile software was used to divide variables into different
basins based on changes in markers and to visualize the optimal cut-
points for creating such segmentations [7]. SPSS software (version
24.0, SPSS Inc., Chicago, USA) and R software (www.r-project.org,
version 3.63) were used for statistical analysis. Cox regression anal-
ysis was performed using the R package “rms,” “foreign,” and “sur-
vival.” The concordance indexes (C-index) and risk score were cal-
culated, and Kaplan-Meier survival curves, decision curves, and cali-
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Fig. 1. Flow chart of patient selection.
From the 260,882 patients with rectal cancer in the seer database, a total of
6116 eligible patients were screened.

bration curves were plotted. A nomogram was drawn by the R pack-
age “regplot.” ROC curve and time-dependent ROC-based AUC were
plotted by the R package “timeROC.” Statistical tests involved two-
way analyses. P values <0.05 were considered to indicate statistical
significance.

Nomogram construction and performance evaluation

The X-tile software was used to assess the optimal cut-off values for
age, tumor size, number of positive lymph nodes, and number of ex-
amined lymph nodes. The optimal cut-off values were as follows: age,
60 and 75 years; tumor size, 30 and 60 mm; number of positive lymph
nodes, 1 and 4; and number of examined lymph nodes, 10 (Supplemen-
tary Fig. 1).

Frequencies and percentages were used to describe the clinical data
of the validation cohort and training cohort. The chi-square test was
used to determine the difference between the two groups. P <0.05 was
considered to indicate statistical significance. Univariate and multivari-
ate Cox regression analyses were used to identify the prognostic fac-
tors and calculate hazard ratios (HRs) with 95% confidence intervals
(CIs).

A nomogram was constructed using the R software and indicators
with statistical significance in the multivariate Cox analysis as predic-
tors. The C-index and AUC were used to assess the predictive effect of the
nomogram. The calibration curve was used to evaluate the agreement
between actual and predicted results.

Verification of nomogram discrimination

A risk score was calculated for each patient using the “predicted”
function of the R software. The X-tile software was used to identify pa-
tients in the training set, and the patients were then divided into the
low-, medium-, and high-risk groups according to the cut-off optimal
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Table 1
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Baseline demographic and clinical characteristics of middle-aged and elderly patients with rectal adenocarcinoma.

Training Cohort (4284)

Validation Cohort (1832) Overall (6116)

Variable Quantity SCALE Quantity SCALE Quantity SCALE P value
Age 0.219
45-60 1957 45.68% 854 46.62% 2811 45.96%

61-75 1656 38.66% 723 39.47% 2379 38.90%

> 75 671 15.66% 255 13.92% 926 15.14%

Race 0.245
Black 317 7.40% 158 8.62% 475 7.77%

White 3410 79.60% 1433 78.22% 4843 79.19%

Other 557 13.00% 241 13.16% 798 13.05%

Sex 0.18
F 1713 39.99% 699 38.16% 2412 39.44%

M 2571 60.01% 1133 61.84% 3704 60.56%

Grade 0.933
/1 3778 88.19% 1617 88.26% 5395 88.21%

1I/1v 506 11.81% 215 11.74% 721 11.79%

Site 0.134
Rectosigmoid Junction 1495 34.90% 676 36.90% 2171 35.50%

Rectum 2789 65.10% 1156 63.10% 3945 64.50%

Stage 0.951
I 675 15.76% 284 15.50% 959 15.68%

1l 1276 29.79% 547 29.86% 1823 29.81%

11 1874 43.74% 812 44.32% 2686 43.92%

v 459 10.71% 189 10.32% 648 10.60%

Stage_T 0.277
T1 226 5.28% 93 5.08% 319 5.22%

T2 721 16.83% 296 16.16% 1017 16.63%

T3 2870 66.99% 1212 66.16% 4082 66.74%

T4 467 10.90% 231 12.61% 698 11.41%

Stage_N 0.974
1 2056 47.99% 876 47.82% 2932 47.94%

2 1582 36.93% 682 37.23% 2264 37.02%

3 646 15.08% 274 14.96% 920 15.04%

Stage_M 0.643
M1 3825 89.29% 1643 89.68% 5468 89.40%

M2 459 10.71% 189 10.32% 648 10.60%

Tumor size 0.784
<=30 1192 27.82% 525 28.66% 1717 28.07%

<=60 2233 52.12% 948 51.75% 3181 52.01%

> 60 859 20.05% 359 19.60% 1218 19.91%

CEA 0.673
Low 2414 56.35% 1043 56.93% 3457 56.52%

High 1870 43.65% 789 43.07% 2659 43.48%

TD 0.262
Neg 3821 89.19% 1616 88.21% 5437 88.90%

Pos 463 10.81% 216 11.79% 679 11.10%

CRM 0.023
Neg 1940 45.28% 771 42.09% 2711 44.33%

Pos 2344 54.72% 1061 57.91% 3405 55.67%

PNI 0.15
Neg 3685 86.02% 1550 84.61% 5235 85.60%

Pos 599 13.98% 282 15.39% 881 14.40%

Number of positive lymph nodes 0.498
0 2605 60.81% 1106 60.37% 3711 60.68%

<=4 1235 28.83% 550 30.02% 1785 29.19%

>4 444 10.36% 176 9.61% 620 10.14%

Number of lymph nodes examined 0.183
<=10 626 14.61% 292 15.94% 918 15.01%

> 10 3658 85.39% 1540 84.06% 5198 84.99%

risk score. The log-rank test was used to assess the differences in sur-
vival among the three groups. The Kaplan-Meier survival curves were
plotted for OS and CSS based on the risk scores for the validation and
training sets.

Evaluation of the predictive power of the nomogram

The time-dependent AUC shows the values of different prediction
models of patients at time points of change to further evaluate the
accuracy of the constructed nomogram prediction model and that of

the TNM stage. Therefore, we used time-dependent AUC to assess the
predictive power of the constructed nomogram with that of the TNM
stage.

Evaluation of the clinical efficacy of nomograms

Decision curves analytically(DCA) assess clinical utility and net ben-
efit [8]. To test the clinical efficacy of the nomogram, we used the de-
cision curve of the training group versus the validation group.
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Table 2
Univariate cox regression analysis of cancer-specific survival and overall survival in the training cohort.
0s CSS
Variable HR 95% CI P HR 95% CI P
Age < 0.001 < 0.001
45-60
61-75 1.63 136 ~ 1.95 < 0.001 1.38 1.13 ~ 1.69 0.0014
> 75 3.56 2.95 ~ 431 < 0.001 2.51 2.01 ~ 3.15 < 0.001
Race 0.02 0.2
Black
White 0.78 0.61 ~ 1.01 0.0636 0.80 0.59 ~ 1.09 0.1592
Other 0.63 0.45 ~ 0.88 0.0067 0.72 0.49 ~ 1.06 0.0971
Sex 0.01 0.2
F
M 1.21 1.04 ~ 1.41 0.0148 1.13 0.95 ~ 1.35 0.1680
Grade < 0.001 < 0.001
11
11/1v 1.85 1.53 ~ 2.23 < 0.001 2.23 1.81 ~ 2.74 < 0.001
Site 0.5 0.6
Rectosigmoid Junction
Rectum 0.95 0.82 ~ 1.11 0.5340 0.95 0.79 ~ 1.14 0.5690
Stage < 0.001 < 0.001
1
1l 1.35 1.01 ~ 1.81 0.0443 2.37 1.49 ~ 3.76 < 0.001
11 1.87 142 ~ 2.46 < 0.001 3.91 2.52 ~ 6.06 < 0.001
v 6.10 458 ~ 8.14 < 0.001 16.15 10.36 ~ 25.17 < 0.001
Tumor size < 0.001 < 0.001
<=30
<=60 1.50 1.24-1.82 < 0.001 1.66 131~ 21 < 0.001
> 60 231 1.86 ~ 2.87 < 0.001 2.70 2.08 ~ 3.49 < 0.001
CEA < 0.001 < 0.001
Low
High 2.22 191 ~ 2.58 < 0.001 2.37 1.98 ~ 2.83 < 0.001
TD < 0.001 < 0.001
Neg
Pos 2.10 1.72 ~ 2.56 < 0.001 2.71 2.19 ~ 337 < 0.001
CRM < 0.001 < 0.001
Neg
Pos 1.36 1.17-1.58 < 0.001 1.47 1.23 ~ 1.76 < 0.001
PNI < 0.001 < 0.001
Neg
Pos 2.19 1.83 ~ 2.61 < 0.001 2.62 2.15-3.2 < 0.001
Number of positive lymph nodes < 0.001 < 0.001
0
<=4 1.70 1.44 ~ 2.01 < 0.001 2.19 1.79 ~ 2.67 < 0.001
>4 3.27 2.68 ~ 3.97 < 0.001 4.82 3.86 ~ 6.01 < 0.001
Number of lymph nodes examined 0.001 0.002
<=10
> 10 0.74 0.62 ~ 0.89 0.0015 0.72 0.58 ~ 0.89 0.0023
Results Determination of predictors and construction of nomogram models

Baseline patient characteristics

Except for the CRM, no statistically significant differences were
found in the remaining variables between the two groups (P > 0.05;
Table 1). The results of randomization were satisfactory.

In the univariate Cox regression analysis of OS, other factors, except
the tumor site, showed statistical significance (P < 0.05). In the uni-
variate Cox regression analysis of CSS, other factors, except sex, race,
and tumor location, showed statistical significance (P < 0.05; Table 2).
Multivariate Cox regression analysis was performed for variables with
statistically significant differences. The results of the multivariate Cox
regression analysis of OS showed significant statistical differences in all
variables, except “White” for race and “<=60” in “II” and “III” tumor
sizes (P < 0.05). The results of the multivariate Cox regression analysis
of CSS showed significant statistical differences in all variables, except
“<=60" of tumor size (P < 0.05; Table 3).

Variables that were not significant or had mild effects were excluded.
We used age, ethnicity, sex, histological grade, clinical stage, CEA,
TD, CRM, PNI, tumor size, number of positive lymph nodes, and num-
ber of examined lymph nodes as predictors of OS models; constructed
nomograms; and then plotted the corresponding training set calibra-
tion curves. Age, histological grade, clinical stage, tumor size, CEA, TD,
CRM, PNI, number of positive lymph nodes, and number of examined
lymph nodes were used as predictors of the CSS model; nomograms were
constructed; and the corresponding training set calibration curves were
plotted (Fig. 2). Specific scores for each predictor in the nomogram are
provided in Supplementary Table 2. In the nomogram, the 3-year and
5-year OS/CSS probabilities of middle-aged and older patients with rec-
tal adenocarcinoma could be predicted according to the total score of
predictors. The validation cohort’s medium-, 3-, and 5-year OS and the
calibration curve of the CSS also showed agreement between the actual
and predicted clinical outcomes.
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Table 3
Multivariate cox regression analysis of cancer-specific survival and overall survival in the training cohort.
(6] CSS
Variable HR 95% CI P HR 95% CI P
Age
45-60
61-75 1.83 1.52 ~ 2.18 < 0.001* 1.57 1.28-1.92 < 0.001*
> 75 4.79 3.93 ~ 5.83 < 0.001 3.54 2.8 ~ 4.46 < 0.001
Race
Black
White 0.82 0.64 ~ 1.07 0.1429
Other 0.62 0.44 ~ 0.86 < 0.001*
Sex
F
M 1.26 1.08 ~ 1.47 0.0036
Grade
il
/v 1.52 1.25-1.84 < 0.001 1.71 138 ~ 2.12 < 0.001
Stage
I
Il 1.10 0.81 ~ 1.49 0.5358 1.94 1.21 ~ 3.09 0.0056
11 1.19 0.84 ~ 1.67 0.3321 2.24 1.36 ~ 3.68 0.0015°
v 3.30 2.3-4.72 < 0.001* 7.82 47 ~ 13 < 0.001*
Tumor size
<=30
<=60 1.20 0.98 ~ 1.46 0.0785 1.27 1~ 162 0.0520
> 60 1.73 1.38 ~ 2.17 < 0.001* 1.91 1.46 ~ 2.49 < 0.001*
CEA
Low
High 1.60 136 ~ 1.88 < 0.001* 1.44 119 ~ 1.74 < 0.001*
TD
Neg
Pos 1.36 1.09 ~ 1.69 0.0058" 1.50 1.19 ~ 1.89 < 0.001*
CRM
Neg
Pos 1.26 1.08 ~ 1.47 0.0029° 1.35 1.12-1.61 0.0013"
PNI
Neg
Pos 143 1.18 ~ 1.74 < 0.001* 143 1.15 ~ 1.78 0.0013"
Number of positive lymph nodes
0
<=4 1.35 1.05 ~ 1.73 0.0185° 1.42 1.08 ~ 1.89 0.0132
>4 1.91 144 ~ 2.53 < 0.001* 2.14 1.57 ~ 2.92 < 0.001*
Number of lymph nodes examined
<=10
> 10 0.70 0.58 ~ 0.84 < 0.001* 0.61 0.49 ~ 0.76 < 0.001*
Note:

* indicates P < 0.05.

Evaluation of the predictive power and usefulness of the model

The C-indexes of the OS and CSS nomograms of the training set were
0.763 (95% CI 0.745-0.781) and 0.787 (95% CI 0.765-0.80), respec-
tively. The AUCs of the 3- and 5-year survival rate in the OS prediction
model of the training set were 0.773 and 0.768, respectively, and those
of the CSS prediction model were 0.802 and 0.790, respectively. The
prediction model showed good predictive power. Time-dependent AUC
curves were not only used to evaluate the predictive power of the nomo-
gram, but also used to compare the predictive ability of TNM stage. The
curve in Fig. 3 shows that the AUC value of the OS/CSS nomogram is
significantly higher than that of the TNM stage at 0-60 months, and
the predictive ability of the nomogram is better than that of the TNM
stage.

Validation of the discrimination capability of the predictive model

A risk score was calculated for each patient using the “predicted”
function of the R software. The optimal OS and the CSS risk score
cut-off values obtained by the X-tile software were 1.2 and 3.5, 1.4
and 4.1, respectively. Patients were divided into three groups accord-

ing to the optimal cut-off value: low-, intermediate-, and high-risk
groups. Kaplan—-Meier survival curves were plotted. We found signif-
icant survival differences between the training cohort and all three
groups of patients in the validation cohort (Fig. 4). Therefore, the
OS nomogram can successfully distinguish all-cause mortality in high-
and medium-risk patients, and the CSS nomogram can successfully
distinguish cancer-specific mortality in high-, medium-, and low-risk
patients.

Evaluation clinical efficacy of nomograms

Decision curves of the OS and CSS nomograms were constructed
at a threshold probability of <88% and <80% at 3 years, respec-
tively (Fig. 5). The OS and CSS nomograms provided a net benefit
over the “all treatment” or “no treatment” strategy. In addition, sim-
ilar results were obtained in the validation set, when the threshold
probabilities were <88% and <82% at 3 years, respectively. There-
fore, the presented nomogram displays good, clinically relevant decision
power.
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The total score obtained by summing the individual scores of the predictors was used to predict the 3- and 5-year survival rates of the patients. The calibration
curves showed a high degree of agreement between the predicted and actual values of the OS nomogram and the CSS nomogram. Example: A 50-year-old male
Caucasian patient with rectal adenocarcinoma, tumor size 50 mm, CRM (+), TD(+), CEA (+), PNI (+), clinical stage V, grade: poorly differentiated, number of
positive postoperative lymph nodes: 3, number detected: 11. The red indicator line in the figure represents the score of patients: OS total score 434, 3-year OS
survival: 0.325, 5-year OS survival: 0.142; CSS total score 356, 3-year CSS survival: 0.26, 5-year CSS survival: 0.12.

Discussion

In this study, we constructed a nomogram based on the data of
6,116 middle-aged and older patients with rectal adenocarcinoma. We
included patient demographic and clinicopathologic data and sought a
suitable new cut-off for our model. We found significant prognostic fac-
tors associated with the OS and CSS and constructed nomograms for
middle-aged and older patients with rectal adenocarcinoma.

Most previous studies presenting prediction models for colorectal
cancer-related survival had limited samples and included data from a
single center. The included predictors were limited, or the evaluation
indicators were not easy to obtain, greatly limiting the clinical applica-
tion of these models [9,10]. In addition, the study endpoint was limited
to a single prediction of CSS or OS for some studies [11,12], and few
studies have been constructed to predict both. Middle-aged and older
patients are at a high risk of rectal adenocarcinoma; however, stud-
ies comprehensively analyzing its predictors and the construction of vi-
sual nomogram models are limited. With the advancement of medical
care, the clinical outcomes of patients with rectal adenocarcinoma have
changed. Therefore, new, more comprehensive, and practical indicators
are required for constructing clinical prediction models to effectively
determine the prognosis of patients.

Our constructed nomogram prediction models for OS and CSS clearly
displayed the effects of various predictors on middle-aged and older
patients with rectal adenocarcinoma and provided accurate scores. We
found 12 independent prognostic variables associated with OS and 10
with CSS. Of note, sex and ethnicity were predictive of OS in the study
population, with men having a poorer prognosis than women, and
black and white participants having poorer prognosis than other eth-
nic groups. These findings are similar to those of Brenner et al. [13] and
Wen et al. [14].

We found that the age of the included population was associated with
a poorer prognosis. The pathological grade was “poorly differentiated,”
and the prognosis of patients with undifferentiated grade was poorer
than those with “moderately differentiated” and “well-differentiated”
grades, which was also confirmed by Julien et al. [15]. Among the clin-
icopathological features, although no significant differences were found
in the scores of stage II and III patients, the scores of stage I and IV pa-
tients were significantly different. We believe that lymph node metas-
tasis and distant metastasis are important factors in the prognosis of
patients with rectal adenocarcinoma.

Several factors, including CEA, TD, CRM, and PNI have been demon-
strated to be associated with poor prognosis [16-19]. CEA is a tumor
marker used in the differential diagnosis and detection of colorectal
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ROC values for the training cohort are shown in the figure. AUC values of nomogram versus TNM stage based on temporal changes are shown. In the training and

validation cohorts, the AUC of nomogram was higher than that of TNM stage.

cancer [20]. TD is defined as one or more satellite peritumoral nodules
in the adipose tissue surrounding the colorectum of the primary can-
cer, and histological evidence does not support residual lymph nodes
or identifiable vascular or neural structures [21]. CRM positivity is de-
fined as the presence of tumor cells within 1 mm of the inner CRM
[22]. PNI is a metastatic modality associated with an aggressive can-
cer phenotype that exhibits poor survival as well as an increased risk
of local and distant recurrence, occurring through invasion of the in-
traneural or extramural plexus independent of lymphatic invasion [23].
These critical predictors provided important predictive power and pro-
portion of scores in our nomogram prediction model. The nomogram
showed that preoperative CEA levels were higher than normal, and
that TD, PNI, and CRM were positive, all of which indicate a poor
prognosis.

Lymph node dissection is the focus of surgery, and the prognostic
survival of patients is closely related to the degree of lymph node dissec-
tion [24]. An increased number of positive lymph nodes often indicates a
high chance of recurrence and metastasis and a poor prognosis [25]. The
AJCC proposes that the detection of >12 lymph nodes can improve the
accuracy of postoperative staging of colorectal cancer and help deter-
mine the presence or absence of lymph node metastasis [26]. Therefore,
the number of lymph nodes should be accurately assessed to provide a
basis for clinical staging and diagnosis, as well as treatment [27]. Chang
et al. [28] found that with the increase in the number of detected lymph
nodes, the 5-year survival rate of patients increases. Although the SEER
database did not have accurate information on the number of lymph
nodes, our survival model did evaluate patients based on lymph node

number. The cut-off number for node positivity and examined nodes
was 1 or 4, and 10, respectively. We found that the number of positive
lymph nodes was negatively correlated with patient prognosis, while the
number of examined lymph nodes was positively correlated with patient
prognosis.

Here, we comprehensively analyzed the effect of predictive factors
on the prognosis of patients with rectal cancer and constructed a prog-
nostic factor-based nomogram to assess the 3-year and 5-year OS and
CSS of patients. Both the C-index and AUC of ROC suggest that the
model has excellent predictive ability. Both the training and validation
cohort survival curves showed good discrimination ability of the pre-
diction model. The use of time-dependent AUC in the training and val-
idation cohorts confirmed that our prediction model was consistently
superior to traditional TNM staging for 5-year survival prediction. The
DCA indicated that the prediction model may have good clinical deci-
sion power, which needs further validation in clinical practice, and the
correction curves of both cohorts showed that the prediction value was
highly consistent with the actual value. OS has been considered the gold
standard primary endpoint for assessing the effect of cancer treatment,
and it provides meaningful evidence for clinical benefit [29,30]. Differ-
ences in CSS can reflect changes in treatment quality and are influenced
by patient characteristics [31,32]. The nomogram constructed in this
study can simultaneously predict the survival rates for CSS and OS us-
ing patient-independent clinical data, and may, therefore, be beneficial
in guiding the clinical decision-making of physicians.

This study included many patients, had a long overall observation
time, and evaluated the effect of multiple factors on rectal adenocar-
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Fig. 4. Kaplan-Meier survival curves for low-, medium-, and high-
risk groups based on risk scores. The optimal OS risk score cut-off was
1.2, 3.5. CSS risk score cutoffs were 1.4, 4.1. Significant differences
in OS, CSS were observed among the low-risk, intermediate-risk, and
high-risk patients in the training and validation cohorts.
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cinoma in middle-aged and older patients. With the validation cohort,
the constructed model may provide significant value for clinical diag-
nosis and treatment. Our model has some evaluation advantages. First,
the proposed prognostic model is indicated for middle-aged and older
patients with rectal adenocarcinoma and can better reflect the charac-
teristics of this population. Second, our nomogram is based on patient
demographic characteristics and clinicopathological related data, which
are key indicators easily obtained in clinical practice, and the nomogram
has good clinical utility. Third, studies have reported that the tumor size,
number of dissected lymph nodes, and number of detected lymph nodes
are important predictors. We found that the optimal cut-off values of
these three factors were different from those defined in the most current
data, which reminded us to establish the cut-off values of relevant in-
dicators in middle-aged and older patients with rectal adenocarcinoma,
rather than using the universal cut-off values for patients with colorectal
cancer.

There are some limitations to our study. First, this study was retro-
spective, and patients were screened based on strict inclusion and ex-

A 50 80
Survival time (months)

clusion criteria; therefore, potential selection bias may have occurred.
Second, the SEER database does not specify procedures, operators, and
other such factors, and bias may exist owing to different experience lev-
els of operators and pathologists. Third, we could not analyze the 8- or
10-year survival rates due to the length of follow-up for the included
population data. Additional databases could be used for further evalua-
tion. Finally, unrecorded clinical characteristics may affect patient out-
comes, such as complications, nutritional status, and detailed chemora-
diotherapy information.

In conclusion, we constructed a nomogram model of CSS and OS
to determine the 3- and 5-year survival rates of middle-aged and older
patients with rectal adenocarcinoma. The results showed that the pre-
diction model had satisfactory prognostic discrimination ability and sur-
vival prediction ability, as well as good clinical decision-making power.
This nomogram can be used to individualize the survival prediction for
middle-aged and older patients with rectal adenocarcinoma, providing
a good tool for gastrointestinal surgeons to accurately assess a patient’s
condition.
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