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a b s t r a c t 

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. 
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The incidence of rectal cancer has exceeded that of gastric can-

er and liver cancer, becoming the second most common solid malig-

ancy [1] . The most frequently observed site of colorectal cancer is

he rectum, and the main pathological type is adenocarcinoma. Rectal

denocarcinomas mainly affect middle-aged and older patients (aged

 45 years) [2] . Therefore, it is important to establish a prognostic

odel of rectal adenocarcinoma for this population in order to de-

elop effective methods for diagnosis and treatment, as well as to assess

rognosis. 

The Surveillance, Epidemiology, and End Results (SEER) database,

 tumor-related registry database established by the National Cancer
∗ Corresponding authors. 

E-mail addresses: 18661808669@126.com (H. Wang), drjianzhang@126.com (J. Z

ttps://doi.org/10.1016/j.tranon.2020.100938 

eceived 29 July 2020; Received in revised form 21 October 2020; Accepted 22 Octo

936-5233/© 2020 The Authors. Published by Elsevier Inc. This is an open access ar

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
nstitute in 1973, currently covers 28% of cancer patients. Data are de-

ived from clinical sources, including patients’ clinically relevant infor-

ation, treatment costs, and social information, which provide evidence

upport and important data for medical research [ 3 ]. Nomograms are

sed to construct survival prediction models that can comprehensively

ncorporate multiple prognostic indicators and quantify risk with intu-

tive graphs. They are used as tools for assessing risks and benefits, and

hey aid in clinical diagnoses and decision-making regarding treatment

trategies [4] . 

Previous clinical survival model studies have used limited numbers

f samples and relied on restricted evaluations, reducing their clinical

pplication. At the same time, recent advances in medical technology

ave affected prognostic outcomes. Thus, it is important to establish a
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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. 
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ethod to evaluate the prognostic outcome of middle-aged and older

atients with rectal adenocarcinoma in a reasonable and accurate way.

ere, we analyzed relevant clinical data of this population registered in

he SEER database between 2010 and 2015 to construct a nomogram

urvival model for predicting patient 3- and 5-year overall survival (OS)

nd cancer-specific survival (CSS). The nomogram provides a good pre-

iction tool that may help guide physicians in generating more accurate

ndividual diagnoses and treatment plans. 

aterials and methods 

atient data collection 

Data were obtained from the SEER database

 https://seer.cancer.gov/data/ ). SEER 

∗ Stat version 8.3.6 software

as used. Permission to access the SEER database was obtained

accession number: 12285-Nov2019). 

The inclusion criteria were as follows: (1) registration in the SEER

atabase from 2010 to 2015, (2) diagnosis of rectal adenocarcinoma,

3) surgical treatment, and (4) availability of complete follow-up in-

ormation. The exclusion criteria were as follows: (1) unclear diagnos-

ic methods; (2) unknown ethnicity; (3) unknown TNM stage; (4) un-

nown tumor size; (5) unknown histological grade; (6) unknown carci-

oembryonic antigen (CEA), circumferential resection margin (CRM),

umor implantation (TD), and perineural invasion (PNI) data; or

7) unknown number of positive lymph nodes and examined lymph

odes. 

We collected the following information for each patient: year of di-

gnosis, age, ethnicity, sex, tumor location, histological grade, clinical

tage, CEA, TD, CRM, PNI, tumor size, number of positive lymph nodes,

umber of examined lymph nodes, metastasis status, histopathological

ype (malignant behavior based on ICD-O-3), survival time, cause of

eath, and survival status. Clinical staging was based on the 7th edition

f the American Joint Committee on Cancer (AJCC) staging system. The

EA level was determined according to the highest value in the preop-

rative test results. 

Clinical data were obtained from the SEER database for 260,833 pa-

ients. A total of 6116 eligible patients were enrolled. The flowchart for

he inclusion of patients is shown in Fig. 1 . Seventy percent of eligible

atients were randomly divided into a training cohort and the remaining

0% into a validation cohort using R software. 

tudy endpoints 

The study endpoints were OS and CSS. Moreover, the 3-year and 5-

ear survival outcomes were assessed. The validity, accuracy, discrim-

nation, predictive ability, and clinical utility of the nomogram were

ssessed based on the C-index, receiver operating characteristics (ROC)

urve, time-dependent area under the ROC curve (AUC), decision curve,

nd calibration curve. 

OS was defined as the time from diagnosis to death or follow-up [5] .

SS was defined as the time from diagnosis to death or follow-up for

ectal cancer [6] . 

tatistical analysis 

The X-tile software was used to divide variables into different

asins based on changes in markers and to visualize the optimal cut-

oints for creating such segmentations [7] . SPSS software (version

4.0, SPSS Inc., Chicago, USA) and R software ( www.r-project.org ,

ersion 3.63) were used for statistical analysis. Cox regression anal-

sis was performed using the R package “rms, ” “foreign, ” and “sur-

ival. ” The concordance indexes (C-index) and risk score were cal-

ulated, and Kaplan-Meier survival curves, decision curves, and cali-
ration curves were plotted. A nomogram was drawn by the R pack-

ge “regplot. ” ROC curve and time-dependent ROC-based AUC were

lotted by the R package “timeROC. ” Statistical tests involved two-

ay analyses. P values < 0.05 were considered to indicate statistical

ignificance. 

omogram construction and performance evaluation 

The X-tile software was used to assess the optimal cut-off values for

ge, tumor size, number of positive lymph nodes, and number of ex-

mined lymph nodes. The optimal cut-off values were as follows: age,

0 and 75 years; tumor size, 30 and 60 mm; number of positive lymph

odes, 1 and 4; and number of examined lymph nodes, 10 (Supplemen-

ary Fig. 1). 

Frequencies and percentages were used to describe the clinical data

f the validation cohort and training cohort. The chi-square test was

sed to determine the difference between the two groups. P < 0.05 was

onsidered to indicate statistical significance. Univariate and multivari-

te Cox regression analyses were used to identify the prognostic fac-

ors and calculate hazard ratios (HRs) with 95% confidence intervals

CIs). 

A nomogram was constructed using the R software and indicators

ith statistical significance in the multivariate Cox analysis as predic-

ors. The C-index and AUC were used to assess the predictive effect of the

omogram. The calibration curve was used to evaluate the agreement

etween actual and predicted results. 

erification of nomogram discrimination 

A risk score was calculated for each patient using the “predicted ”

unction of the R software. The X-tile software was used to identify pa-

ients in the training set, and the patients were then divided into the

ow-, medium-, and high-risk groups according to the cut-off optimal

https://seer.cancer.gov/data/
http://www.r-project.org
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Table 1 

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 

I/II 3778 88.19% 1617 88.26% 5395 88.21% 

III/IV 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% 

II 1276 29.79% 547 29.86% 1823 29.81% 

III 1874 43.74% 812 44.32% 2686 43.92% 

IV 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% 
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isk score. The log-rank test was used to assess the differences in sur-

ival among the three groups. The Kaplan–Meier survival curves were

lotted for OS and CSS based on the risk scores for the validation and

raining sets. 

valuation of the predictive power of the nomogram 

The time-dependent AUC shows the values of different prediction

odels of patients at time points of change to further evaluate the

ccuracy of the constructed nomogram prediction model and that of
he TNM stage. Therefore, we used time-dependent AUC to assess the

redictive power of the constructed nomogram with that of the TNM

tage. 

valuation of the clinical efficacy of nomograms 

Decision curves analytically(DCA) assess clinical utility and net ben-

fit [8] . To test the clinical efficacy of the nomogram, we used the de-

ision 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. 

OS CSS 

Variable HR 95% CI P HR 95% CI P 

Age < 0.001 < 0.001 

45-60 

61-75 1.63 1.36 ∼ 1.95 < 0.001 1.38 1.13 ∼ 1.69 0.0014 

> 75 3.56 2.95 ∼ 4.31 < 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 

I/II 

III/IV 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 

I 

II 1.35 1.01 ∼ 1.81 0.0443 2.37 1.49 ∼ 3.76 < 0.001 

III 1.87 1.42 ∼ 2.46 < 0.001 3.91 2.52 ∼ 6.06 < 0.001 

Ⅳ 6.10 4.58 ∼ 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 1.31 ∼ 2.1 < 0.001 

> 60 2.31 1.86 ∼ 2.87 < 0.001 2.70 2.08 ∼ 3.49 < 0.001 

CEA < 0.001 < 0.001 

Low 

High 2.22 1.91 ∼ 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 ∼ 3.37 < 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 
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aseline patient characteristics 

Except for the CRM, no statistically significant differences were

ound in the remaining variables between the two groups ( P > 0.05;

able 1 ). The results of randomization were satisfactory. 

In the univariate Cox regression analysis of OS, other factors, except

he tumor site, showed statistical significance ( P < 0.05). In the uni-

ariate Cox regression analysis of CSS, other factors, except sex, race,

nd tumor location, showed statistical significance ( P < 0.05; Table 2 ).

ultivariate Cox regression analysis was performed for variables with

tatistically significant differences. The results of the multivariate Cox

egression analysis of OS showed significant statistical differences in all

ariables, except “White ” for race and “< = 60 ” in “II ” and “III ” tumor

izes ( P < 0.05). The results of the multivariate Cox regression analysis

f CSS showed significant statistical differences in all variables, except

< = 60 ” of tumor size ( P < 0.05; Table 3 ). 
etermination of predictors and construction of nomogram models 

Variables that were not significant or had mild effects were excluded.

e used age, ethnicity, sex, histological grade, clinical stage, CEA,

D, CRM, PNI, tumor size, number of positive lymph nodes, and num-

er of examined lymph nodes as predictors of OS models; constructed

omograms; and then plotted the corresponding training set calibra-

ion curves. Age, histological grade, clinical stage, tumor size, CEA, TD,

RM, PNI, number of positive lymph nodes, and number of examined

ymph nodes were used as predictors of the CSS model; nomograms were

onstructed; and the corresponding training set calibration curves were

lotted ( Fig. 2 ). Specific scores for each predictor in the nomogram are

rovided in Supplementary Table 2. In the nomogram, the 3-year and

-year OS/CSS probabilities of middle-aged and older patients with rec-

al adenocarcinoma could be predicted according to the total score of

redictors. The validation cohort’s medium-, 3-, and 5-year OS and the

alibration curve of the CSS also showed agreement between the actual

nd predicted clinical outcomes. 
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Table 3 

Multivariate cox regression analysis of cancer-specific survival and overall survival in the training cohort. 

OS 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 

I/II 

III/IV 1.52 1.25-1.84 < 0.001 ∗ 1.71 1.38 ∼ 2.12 < 0.001 ∗ 

Stage 

I 

II 1.10 0.81 ∼ 1.49 0.5358 1.94 1.21 ∼ 3.09 0.0056 ∗ 

III 1.19 0.84 ∼ 1.67 0.3321 2.24 1.36 ∼ 3.68 0.0015 ∗ 

Ⅳ 3.30 2.3-4.72 < 0.001 ∗ 7.82 4.7 ∼ 13 < 0.001 ∗ 

Tumor size 

< = 30 

< = 60 1.20 0.98 ∼ 1.46 0.0785 1.27 1 ∼ 1.62 0.0520 

> 60 1.73 1.38 ∼ 2.17 < 0.001 ∗ 1.91 1.46 ∼ 2.49 < 0.001 ∗ 

CEA 

Low 

High 1.60 1.36 ∼ 1.88 < 0.001 ∗ 1.44 1.19 ∼ 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 1.43 1.18 ∼ 1.74 < 0.001 ∗ 1.43 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 1.44 ∼ 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. 
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valuation of the predictive power and usefulness of the model 

The C-indexes of the OS and CSS nomograms of the training set were

.763 (95% CI 0.745–0.781) and 0.787 (95% CI 0.765–0.80), respec-

ively. The AUCs of the 3- and 5-year survival rate in the OS prediction

odel of the training set were 0.773 and 0.768, respectively, and those

f the CSS prediction model were 0.802 and 0.790, respectively. The

rediction model showed good predictive power. Time-dependent AUC

urves were not only used to evaluate the predictive power of the nomo-

ram, but also used to compare the predictive ability of TNM stage. The

urve in Fig. 3 shows that the AUC value of the OS/CSS nomogram is

ignificantly higher than that of the TNM stage at 0–60 months, and

he predictive ability of the nomogram is better than that of the TNM

tage. 

alidation of the discrimination capability of the predictive model 

A risk score was calculated for each patient using the “predicted ”

unction of the R software. The optimal OS and the CSS risk score

ut-off values obtained by the X-tile software were 1.2 and 3.5, 1.4

nd 4.1, respectively. Patients were divided into three groups accord-
ng to the optimal cut-off value: low-, intermediate-, and high-risk

roups. Kaplan–Meier survival curves were plotted. We found signif-

cant survival differences between the training cohort and all three

roups of patients in the validation cohort ( Fig. 4 ). Therefore, the

S nomogram can successfully distinguish all-cause mortality in high-

nd medium-risk patients, and the CSS nomogram can successfully

istinguish cancer-specific mortality in high-, medium-, and low-risk

atients. 

valuation clinical efficacy of nomograms 

Decision curves of the OS and CSS nomograms were constructed

t a threshold probability of < 88% and < 80% at 3 years, respec-

ively ( Fig. 5 ). The OS and CSS nomograms provided a net benefit

ver the “all treatment ” or “no treatment ” strategy. In addition, sim-

lar results were obtained in the validation set, when the threshold

robabilities were < 88% and < 82% at 3 years, respectively. There-

ore, the presented nomogram displays good, clinically relevant decision

ower. 
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Fig. 2. OS and CSS nomograms and calibration curves. 

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. 
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iscussion 

In this study, we constructed a nomogram based on the data of

,116 middle-aged and older patients with rectal adenocarcinoma. We

ncluded patient demographic and clinicopathologic data and sought a

uitable new cut-off for our model. We found significant prognostic fac-

ors associated with the OS and CSS and constructed nomograms for

iddle-aged and older patients with rectal adenocarcinoma. 

Most previous studies presenting prediction models for colorectal

ancer-related survival had limited samples and included data from a

ingle center. The included predictors were limited, or the evaluation

ndicators were not easy to obtain, greatly limiting the clinical applica-

ion of these models [ 9 , 10 ]. In addition, the study endpoint was limited

o a single prediction of CSS or OS for some studies [ 11 , 12 ], and few

tudies have been constructed to predict both. Middle-aged and older

atients are at a high risk of rectal adenocarcinoma; however, stud-

es comprehensively analyzing its predictors and the construction of vi-

ual nomogram models are limited. With the advancement of medical

are, the clinical outcomes of patients with rectal adenocarcinoma have

hanged. Therefore, new, more comprehensive, and practical indicators

re required for constructing clinical prediction models to effectively

etermine the prognosis of patients. 
Our constructed nomogram prediction models for OS and CSS clearly

isplayed the effects of various predictors on middle-aged and older

atients with rectal adenocarcinoma and provided accurate scores. We

ound 12 independent prognostic variables associated with OS and 10

ith CSS. Of note, sex and ethnicity were predictive of OS in the study

opulation, with men having a poorer prognosis than women, and

lack and white participants having poorer prognosis than other eth-

ic groups. These findings are similar to those of Brenner et al. [13] and

en et al. [14] . 

We found that the age of the included population was associated with

 poorer prognosis. The pathological grade was “poorly differentiated, ”

nd the prognosis of patients with undifferentiated grade was poorer

han those with “moderately differentiated ” and “well-differentiated ”

rades, which was also confirmed by Julien et al. [15] . Among the clin-

copathological features, although no significant differences were found

n the scores of stage II and III patients, the scores of stage I and IV pa-

ients were significantly different. We believe that lymph node metas-

asis and distant metastasis are important factors in the prognosis of

atients with rectal adenocarcinoma. 

Several factors, including CEA, TD, CRM, and PNI have been demon-

trated to be associated with poor prognosis [16–19] . CEA is a tumor

arker used in the differential diagnosis and detection of colorectal
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Fig. 3. ROC and time-dependent AUC. 

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. 
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t  
ancer [20] . TD is defined as one or more satellite peritumoral nodules

n the adipose tissue surrounding the colorectum of the primary can-

er, and histological evidence does not support residual lymph nodes

r identifiable vascular or neural structures [21] . CRM positivity is de-

ned as the presence of tumor cells within 1 mm of the inner CRM

22] . PNI is a metastatic modality associated with an aggressive can-

er phenotype that exhibits poor survival as well as an increased risk

f local and distant recurrence, occurring through invasion of the in-

raneural or extramural plexus independent of lymphatic invasion [23] .

hese critical predictors provided important predictive power and pro-

ortion of scores in our nomogram prediction model. The nomogram

howed that preoperative CEA levels were higher than normal, and

hat TD, PNI, and CRM were positive, all of which indicate a poor

rognosis. 

Lymph node dissection is the focus of surgery, and the prognostic

urvival of patients is closely related to the degree of lymph node dissec-

ion [24] . An increased number of positive lymph nodes often indicates a

igh chance of recurrence and metastasis and a poor prognosis [25] . The

JCC proposes that the detection of ≥ 12 lymph nodes can improve the

ccuracy of postoperative staging of colorectal cancer and help deter-

ine the presence or absence of lymph node metastasis [26] . Therefore,

he number of lymph nodes should be accurately assessed to provide a

asis for clinical staging and diagnosis, as well as treatment [27] . Chang

t al. [28] found that with the increase in the number of detected lymph

odes, the 5-year survival rate of patients increases. Although the SEER

atabase did not have accurate information on the number of lymph

odes, our survival model did evaluate patients based on lymph node
umber. The cut-off number for node positivity and examined nodes

as 1 or 4, and 10, respectively. We found that the number of positive

ymph nodes was negatively correlated with patient prognosis, while the

umber of examined lymph nodes was positively correlated with patient

rognosis. 

Here, we comprehensively analyzed the effect of predictive factors

n the prognosis of patients with rectal cancer and constructed a prog-

ostic factor-based nomogram to assess the 3-year and 5-year OS and

SS of patients. Both the C-index and AUC of ROC suggest that the

odel has excellent predictive ability. Both the training and validation

ohort survival curves showed good discrimination ability of the pre-

iction model. The use of time-dependent AUC in the training and val-

dation cohorts confirmed that our prediction model was consistently

uperior to traditional TNM staging for 5-year survival prediction. The

CA indicated that the prediction model may have good clinical deci-

ion power, which needs further validation in clinical practice, and the

orrection curves of both cohorts showed that the prediction value was

ighly consistent with the actual value. OS has been considered the gold

tandard primary endpoint for assessing the effect of cancer treatment,

nd it provides meaningful evidence for clinical benefit [ 29 , 30 ]. Differ-

nces in CSS can reflect changes in treatment quality and are influenced

y patient characteristics [ 31 , 32 ]. The nomogram constructed in this

tudy can simultaneously predict the survival rates for CSS and OS us-

ng patient-independent clinical data, and may, therefore, be beneficial

n guiding the clinical decision-making of physicians. 

This study included many patients, had a long overall observation

ime, 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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inoma in middle-aged and older patients. With the validation cohort,

he constructed model may provide significant value for clinical diag-

osis and treatment. Our model has some evaluation advantages. First,

he proposed prognostic model is indicated for middle-aged and older

atients with rectal adenocarcinoma and can better reflect the charac-

eristics of this population. Second, our nomogram is based on patient

emographic characteristics and clinicopathological related data, which

re key indicators easily obtained in clinical practice, and the nomogram

as good clinical utility. Third, studies have reported that the tumor size,

umber of dissected lymph nodes, and number of detected lymph nodes

re important predictors. We found that the optimal cut-off values of

hese three factors were different from those defined in the most current

ata, which reminded us to establish the cut-off values of relevant in-

icators in middle-aged and older patients with rectal adenocarcinoma,

ather than using the universal cut-off values for patients with colorectal

ancer. 

There are some limitations to our study. First, this study was retro-

pective, and patients were screened based on strict inclusion and ex-
lusion criteria; therefore, potential selection bias may have occurred.

econd, the SEER database does not specify procedures, operators, and

ther such factors, and bias may exist owing to different experience lev-

ls of operators and pathologists. Third, we could not analyze the 8- or

0-year survival rates due to the length of follow-up for the included

opulation data. Additional databases could be used for further evalua-

ion. Finally, unrecorded clinical characteristics may affect patient out-

omes, such as complications, nutritional status, and detailed chemora-

iotherapy information. 

In conclusion, we constructed a nomogram model of CSS and OS

o determine the 3- and 5-year survival rates of middle-aged and older

atients with rectal adenocarcinoma. The results showed that the pre-

iction model had satisfactory prognostic discrimination ability and sur-

ival prediction ability, as well as good clinical decision-making power.

his nomogram can be used to individualize the survival prediction for

iddle-aged and older patients with rectal adenocarcinoma, providing

 good tool for gastrointestinal surgeons to accurately assess a patient’s
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Fig. 5. Decision curve analysis. Plot net benefit versus 

threshold probability. 

The net benefit was calculated by subtracting the pro- 

portion of all false-positive cases from the proportion of 

true-positive cases, weighing the relative harm of aban- 

doning treatment against the adverse consequences of 

unnecessary treatment. The gray and black lines in- 

dicate the net benefit of treating all patients and no 

patient strategies, respectively. Dashed lines represent 

nomograms. The results showed that the nomogram 

had good decision power in the training cohort and 

the validation cohort. 
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