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Purpose: Patients with middle-aged and elderly rectal cancer (MERC) usually have poor prognosis after surgery. This study aimed to
develop a nomogram to achieve individualized prediction of overall survival (OS) in patients with MERC and to guide follow-up and
subsequent diagnosis and treatment plans.
Patients and Methods: A total of 349 patients were randomly assigned to the training and validation cohorts in a 7:3 ratio.
Multivariate Cox regression analysis was performed using the results of univariate Cox regression analysis to confirm independent
prognostic factors of OS. Thereafter, the nomogram was built using the “rms” package. Subsequently, discriminative ability and
calibration of the nomogram were evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision
curve analysis (DCA). Integrated discrimination improvement (IDI), net reclassification improvement (NRI), and the area under the
ROC curves (AUC) were compared between the nomogram and the tumor-node-metastasis (TNM) staging system (8th edition).
Finally, we established a predictive model to assess the survival benefit of patients with MERC by calculating nomogram scores for
each patient.
Results: Six variables were identified as independent prognostic factors and included in the nomogram: smoking history, family
history, hematochezia, tumor size, N stage, and M stage. Based on these factors, we successfully constructed a nomogram and
evaluated its discriminative and predictive abilities using ROC curves, calibration curves, and DCA. ROC curves, IDI, and NRI
showed that the nomogram had outstanding clinical utility compared with the TNM staging system (8th edition) for OS prediction. The
predictive model successfully distinguished between high-, medium-, and low-risk MERC patients.
Conclusion: Our nomogram provided a more satisfactory survival prediction ability than the TNM staging system (8th edition) for
MERC patients. In addition, the nomogram was able to accurately categorize patients into different risk groups after surgery.
Keywords: nomogram, rectal cancer, web-based nomogram, overall survival, prognosis

Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors of the gastrointestinal tract. According to global
epidemiological oncology statistics published by the International Agency for Research on Cancer, it is estimated that
there will be 1.93 million new cases of CRC and 940,000 CRC related deaths worldwide in 2020, ranking third and
second among all types of malignancies, respectively.1 China has a large population and even if the incidence of CRC is
lower than the global level, the number of new cases and CRC related deaths are the highest among all countries. Rectal
cancer accounts for approximately 40% of all CRC cases and constitutes a severe global public health burden.2

Moreover, the number of patients with middle-aged and elderly rectal cancer (MERC) is expected to increase as the
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population ages.3–5 Surgery is the first treatment choice for rectal cancer; however, most MERC patients undergoing
surgery have various comorbidities and typical age-related decline in essential physiological functions, which lead to
poor postoperative prognosis in these patients.6 Therefore, identification of high-risk MERC patients for intervention is
an important research direction for gastrointestinal surgeons.

Currently, the eighth edition of the tumor-node-metastasis (TNM) staging system of the American Joint Commission
on Cancer, which is commonly used for rectal cancer staging, does not include important prognostic factors such as
smoking history, family history, hematochezia, and tumor markers.7 Furthermore, there is heterogeneity in the post-
operative situation of patients with the same TNM staging system, suggesting that this tool is limited in predicting
prognosis and directing the clinical management of rectal cancer after surgery.8 In recent years, nomograms have been
used widely in the fields of oncology and medicine, showing higher accuracy of prognostic prediction than the TNM
staging system.9,10 In addition, the web-based nomogram, which is a dynamic nomogram, can elicit patient survival over
a specified time period through precise numbers and visual graphics, guiding clinicians in optimizing clinical treatment
plans and improving patients’ quality of life.11,12

The Affiliated Hospital of Chengde Medical University is one of the first medical institutions in Hebei Province,
China, offering considerable resources for management of rectal cancer cases. More importantly, we were the first to
create a nomogram for predicting MERC patients’ postoperative overall survival (OS), incorporating new clinical
variables, such as smoking history, family history, tumor size, and hematochezia. The aim of the present study was to
develop a web-based nomogram, which is more clinically guided and can be used online by both clinicians as well as
patients to predict and evaluate the OS at 1, 2, and 3-year after surgery for MERC.

Patients and Methods
Patients
This study utilized the Affiliated Hospital of Chengde Medical University database to obtain the clinical data of MERC
patients from 2013 to 2018. The inclusion criteria were: (I) patients with MERC aged ≥35 years, (II) pathological
diagnosis of rectal adenocarcinoma, (III) access to primary rectal tumor resection, and (IV) availability of complete
follow-up information. The exclusion criteria were: (I) patients with MERC aged <35 years, (II) non-primary rectal
tumors, (III) physical intolerance to primary tumor resection, and (IV) incomplete follow-up information. Consistent with
previous studies, this study used the TNM system for tumor staging.13,14 We randomly divided all included patients into
training (70%) and validation (30%) cohorts. This study was approved by the Ethics Review Committee of the Affiliated
Hospital of Chengde Medical University (permit number: LL2020397) and signed informed consent was obtained from
all participants prior to study initiation. This study was conducted in accordance with the principles outlined in the
Declaration of Helsinki.

Data Collection
Data pertaining to pathological and clinical patient variables such as age, sex, smoking history (yes or no), drinking
history (yes or no), family history (yes or no), neoadjuvant therapy (yes or no), hypertension classification (normal, grade
1, grade 2, and grade 3), hematochezia (yes or no), tumor markers [carcinoembryonic antigen (CEA), and carbohydrate
antigen 19–9 (CA 19–9)], tumor size, distance between the tumor and the dentate line, T stage (T1, T2, T3, and T4), N
stage (N0, N1, and N2) and M stage (M0 and M1) were extracted from the Affiliated Hospital of Chengde Medical
University database. Distance between the tumor and the dentate line was measured after intraoperative dilation of the
anus under general anesthesia. In addition, hypertension grade was assigned as follows: normal hypertension was defined
as a systolic blood pressure <140 mmHg or (and) diastolic blood pressure <90 mmHg, hypertension grade 1 was defined
as the systolic blood pressure of 140–159 mmHg or (and) the diastolic blood pressure of 90–99 mmHg, hypertension
grade 2 was defined as the systolic blood pressure of 160–179 mmHg or (and) the diastolic blood pressure of
100–109 mmHg, and hypertension grade 3 was defined as systolic blood pressure ≥ 180 mmHg or (and) diastolic
blood pressure ≥110 mmHg. In this study, OS was the primary outcome of interest and it was calculated from the date of
surgery to the date of death or the date of the last follow-up.
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Construction and Validation of the Nomogram
Univariate Cox regression analysis was performed for all variables that may affect the postoperative OS of patients with
MERC. Based on the results of the univariate Cox regression analysis, a multivariate Cox regression analysis was
conducted, after controlling for confounding variables, to identify independent prognostic factors of MERC. Thereafter, a
prognostic nomogram for OS was created according to the identified independent prognostic factors, using the “rms”
package. Furthermore, receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis
(DCA) curves were used to assess the predictive performance and accuracy of the nomogram. The net reclassification
improvement (NRI), integrated discrimination improvement (IDI), and area under the ROC curves (AUC) were
calculated to determine the overall improvement in the predictive accuracy by using the nomogram in place of the
traditional TNM staging system (8th edition). Based on the X-tile program, we divided all patients into three groups:
low-risk, medium-risk, and high-risk groups. We tested the prognostic value of the nomogram using the Kaplan–Meier
(K–M) analysis. Finally, a web-based nomogram was created that conformed to the new nomogram. This predictive
model allowed us to calculate nomogram scores for different patients with MERC and assess their postoperative survival
benefit.

Statistical Analysis
We used the chi-square test and Fisher’s exact test to compare categorical data represented as frequencies and
proportions. Variables significantly associated with OS were analyzed in the multivariate analysis using the Cox
regression model to determine the independent predictive factors of OS, along with the corresponding 95% confidence
intervals (CIs). Based on these independent predictors, we developed and created a new nomogram and a practical web-
based nomogram. AUC was used to assess the prognostic accuracy of the nomogram and TNM staging system.
Thereafter, calibration curves were assessed by plotting the relationship between the predicted and actual probabilities
for each outcome. DCA demonstrated the clinical utility of the nomogram. In addition, we evaluated the net benefits of
the nomogram and TNM staging system by using IDI and NRI. All statistical analyses were performed using R statistical
software (version 4.1.1; R Foundation for Statistical Computing, Vienna, Austria). p-value <0.05 was considered to be
statistically significant.

Results
Flowchart
A detailed workflow of the study is shown in Figure 1.

Patient Characteristics
A total of 349 postoperative patients with MERC were included in this study, of which 211 were men and the mean age
of the participants was 60.70±10.09 years. Among the 349 patients, 245 (70.20%) were allocated to the training cohort.
There were 133 (38.11%), 126 (36.10%), and 41 (11.75%) patients with a smoking, drinking, and family history,
respectively. Patients receiving neoadjuvant therapy accounted for 58.74% of all patients (n=349). Hypertension was
graded as normal hypertension, grade 1, grade 2, and grade 3 in 260 (74.50%), 64 (18.34%), 23 (6.59%), and 2 (0.57%)
patients, respectively. Hematochezia before surgery was reported in 78 (22.35%) patients. The average tumor size was
5.28±1.91 cm. The average distance between the tumor and the dentate line was 6.18±3.47 cm. Elevated CEA and CA
19–9 levels were noted in 136 (38.97%) and 62 (17.77%) patients, respectively. There were 36 (10.32%) patients with
T1–T2 stage and 313 (89.68%) patients with T3-T4 stage tumor. A total of 228 (65.33%), 74 (21.20%), and 47 (13.47%)
patients had N0, N1, and N2 stage tumors, respectively. M0 stage disease was present in 316 (90.54%) patients, while 33
(9.46%) patients had M1 stage disease. The demographic and clinicopathological characteristics of the patients with
MERC are shown in Table 1.
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Prognostic Factors Influencing Postoperative Patient Survival
Univariate Cox regression analysis showed that smoking history, family history, hematochezia, CEA, CA 19–9, tumor
size, N stage, and M stage were relevant prognostic factors for postoperative OS in patients with MERC. Multivariate
Cox regression analysis showed that smoking history (Yes: hazard ratio (HR)=2.905, 95% CI=1.545–5.461,
p-value=0.001; No as a reference), family history (Yes: HR=3.163, 95% CI=1.706–5.864, p-value<0.001; No as a
reference), hematochezia (Yes: HR=0.316, 95% CI=0.135–0.739, p-value=0.008; No as a reference), tumor size
(HR=1.331, 95% CI=1.145–1.546, p-value <0.001), N stage (N1: HR=1.920, 95% CI=1.003–3.674, p-value=0.049;
N2: HR=2.238, 95% CI=1.132–4.425, p-value=0.020; N0 as a reference), M stage (M1: HR =15.795, 95% CI=7.69–
32.439, p-value<0.001; M0 as a reference) were independent prognostic factors for postoperative OS in patients with
MERC. The results of univariate and multivariate Cox regression analyses of survival in patients with MERC are
summarized in Table 2.

Construction and Validation of the Nоmоgram
We created a novel nomogram based on the independent prognostic factors of OS mentioned above. As shown in Figure 2,
the nomogram predicted the OS of patients with MERC at 1-, 2-, and 3-year after surgery. ROC curves were used to
compare the accuracy of the predicted 1-, 2-, and 3-year OS rates. In the training cohort, the AUCs for the nomogram
predicting 1-, 2-, and 3-year OS were 0.957, 0.945, and 0.918, respectively, whereas those for the TNM staging system were
0.840, 0.828, and 0.799, respectively (Figure 3A–C). In the validation cohort, the AUC of the nomogram predicting 1-year
OS was not significantly different from that of the TNM staging system (Figure 3D). The nomogram predicting OS at 2-and
3-year showed a more satisfactory AUC than the TNM staging system (Figure 3E and F). Therefore, the new nomogram
developed in this study was found to superior to the TNM staging system in terms of its discriminatory ability. The

Figure 1 Detailed workflow of study design and analysis.
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calibration curves yielded good agreement between the predicted and observed outcomes for the 1-, 2-, and 3-year OS
(Figure 4). The DCA curves also showed good clinical utility of this nomogram (Figure 5). In addition, the K-M survival
curves showed that the prediction model could accurately distinguish between the high-, medium-, and low-risk groups of
MERC patients (Figure 6).

Table 1 Demographic and Clinicopathological Characteristics of Patients with MERC

Variables Total Cohort Training Cohort Validation Cohort χ2 /T p-value

n % n % n %

Sex

Female 138 39.54 103 42.04 35 33.65 2.148 0.143
Male 211 60.46 142 57.96 69 66.35

Age (x±S, years) 60.70±10.09 61.05±9.85 59.88±10.64 0.998 0.319

Smoking history
No 216 61.89 156 63.67 60 57.69 1.107 0.293

Yes 133 38.11 89 36.33 44 42.31

Drinking history
No 223 63.90 164 66.94 59 56.73 3.298 0.069

Yes 126 36.10 81 33.06 45 43.27

Family history
No 308 88.25 221 90.20 87 83.65 3.021 0.082

Yes 41 11.75 24 9.80 17 16.35

Neoadjuvant therapy
No 144 41.26 106 43.27 38 36.54 1.363 0.243

Yes 205 58.74 139 56.73 66 63.46

Hypertension classification
Normal 260 74.50 183 74.69 77 74.04 2.208 0.530

Grade 1 64 18.34 42 17.14 22 21.15

Grade 2 23 6.59 18 7.35 5 4.81
Grade 3 2 0.57 2 0.82 0 0.00

Hematochezia

No 271 77.65 186 75.92 85 81.73 1.421 0.233
Yes 78 22.35 59 24.08 19 18.27

CEA (ug/L)
0–5 213 61.03 151 61.63 62 59.62 0.125 0.724

>5 136 38.97 94 38.37 42 40.38

CA19-9 (ug/L)
0–27 287 82.23 194 79.18 93 89.42 5.240 0.022

>27 62 17.77 51 20.82 11 10.58

Tumor size (x±S, cm) 5.28±1.91 5.26±1.91 5.35±1.91 −0.399 0.690
T stage

T1–T2 36 10.32 29 11.84 7 6.73 2.057 0.151

T3–T4 313 89.68 216 88.16 97 93.27
N stage

N0 228 65.33 159 64.90 69 66.35 2.217 0.330

N1 74 21.20 49 20.00 25 24.04
N2 47 13.47 37 15.10 10 9.62

M stage

M0 316 90.54 226 92.24 90 86.54 2.777 0.096
M1 33 9.46 19 7.76 14 13.46

The distance between the tumor

and the dentate line (x±S, cm)

6.18±3.47 6.49±3.53 5.45±3.20 2.580 0.010

Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19–9; MERC, middle-aged and elderly rectal cancer.
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Clinical Value of the Nomogram
The new nomogram showed superior clinical discrimination in the ROC curves analysis compared to the TNM staging
system (8th edition). Most importantly, patients could benefit greatly due to the ability of the nomogram in predicting
individual survival outcomes. In the IDI analyses, our new nomogram based on MERC patients, offered superior

Table 2 Univarate and Multivariate Cox Regression Analyses of Survival in Patients with MERC

Univariate Analysis Multivariate Analysis

HR 95% CI p-value HR 95% CI p-value

Sex

Female Reference
Male 0.897 0.546–1.474 0.668

Age (years) 1.017 0.992–1.042 0.190

Smoking history
No Reference Reference

Yes 5.991 3.387–10.597 <0.001 2.905 1.545–5.461 0.001

Drinking history
No Reference

Yes 1.086 0.665–1.802 0.750

Family history
No Reference Reference

Yes 8.701 5.275–14.352 <0.001 3.163 1.706–5.864 <0.001

Neoadjuvant therapy
No Reference

Yes 0.835 0.462–1.508 0.550

Hypertension classification
Normal Reference

Grade 1 1.581 0.906–2.758 0.107

Grade 2 0.224 0.031–1.628 0.139
Grade 3 0 0.000–5.00E+206 0.968

Hematochezia

No Reference
Yes 0.467 0.223–0.980 0.044 0.316 0.135–0.739 0.008

CEA (ug/L)
0–5 Reference

>5 1.004 1.002–1.005 <0.001 1.001 0.999–1.002 0.389

CA19-9 (ug/L)
0–27 Reference

>27 1.003 1.002–1.005 <0.001 1.001 1.000–1.003 0.065

Tumor size (cm) 1.488 1.325–1.670 <0.001 1.331 1.145–1.546 <0.001
T stage

T1-T2 Reference

T3-T4 1.938 0.704–5.333 0.200
N stage

N0 Reference

N1 3.010 1.642–5.519 <0.001 1.920 1.003–3.674 0.049
N2 5.959 3.288–10.800 <0.001 2.238 1.132–4.425 0.020

M stage

M0 Reference
M1 20.087 11.991–33.650 <0.001 15.795 7.690–32.439 <0.001

The distance between the tumor and the dentate line (cm) 1.030 0.961–1.105 0.401

Abbreviations: HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19–9; MERC, middle-aged and elderly rectal
cancer.
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performance over the TNM staging system. In the training cohort, the IDI values for the 1-, 2-, and 3-year OS were 0.030
(p =0.166), 0.131 (p <0.001), and 0.123 (p <0.001), respectively. In the validation cohort, the IDI values for the 1-, 2-,
and 3-year OS were 0.024 (p =0.349), 0.127 (p =0.019), and 0.121 (p =0.008), respectively. From the above results, it

Figure 2 Nomogram. Nomogram for predicting 1-, 2-, and 3-year OS in patients with MERC.
Abbreviations: OS, overall survival; MERC, middle-aged and elderly rectal cancer.

Figure 3 ROC curves. ROC curves for predicting 1-year (A), 2-year (B), and 3-year (C) overall survival between the nomogram and TNM staging system in the training
cohort; ROC curves for predicting 1-year (D), 2-year (E), and 3-year (F) overall survival between the nomogram and TNM staging system in the validation cohort.
Abbreviation: ROC, receiver operating characteristic.
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was inferred that there was no statistical difference between the new nomogram and the TNM staging system in terms of
OS prediction in the first year. However, the predictive ability of the nomogram with respect to the 2- and 3-year OS was
higher than that of the TNM staging system. In addition, the NRI values for 1-, 2-, and 3-year OS were 0.372 (95% CI=
−0.083–0.819), 0.429 (95% CI=0.193–0.964), and 0.443 (95% CI=0.165–0.914) in the training cohort and 0.094 (95%
CI=−0.857–1.045), 0.408 (95% CI=−0.094–1.091), and 0.149 (95% CI=−0.286–1.019) in the validation cohort,
respectively.

Figure 4 Calibration curves. Calibration curves of the nomogram for the 1-year (A), 2-year (B), and 3-year (C) OS prediction in the training cohort; 1-year (D), 2-year (E),
and 3-year (F) OS prediction in the validation cohort.
Abbreviation: OS, overall survival.

Figure 5 Decision curve analysis (DCA). DCA of the nomogram for predicting the 1-year, 2-year, and 3-year (A) OS in the training cohort; 1-year, 2-year, and 3-year (B) OS
in the validation cohort.
Abbreviations: DCA, decision curve analysis; OS, overall survival.
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Establishment of a Web-Based Nomogram
A dynamic web-based probability calculator (https://zhenghh.shinyapps.io/spprcc/) was constructed to predict the post-
operative OS of patients with MERC based on the above results. The survival curves for a patient with MERC, who had
smoking history, family history, no hematochezia, and a tumor size of 2 cm at N1 and M0 stages (Figure 7A) are shown
in Figure 7B. Survival rates and 95% CI at 1-year (Figure 7C, black line), 2-year (Figure 7C, blue line) and 3-year
(Figure 7C, red line) are also displayed on the operator interface. In addition, specific figures were summarized to
improve predictive accuracy (Figure 7D).

Discussion
The number of individuals with MERC continues to increase with a rise in the aging population worldwide. Patients with
MERC often have atypical symptoms and most patients are diagnosed at an advanced stage of the disease. Moreover,
even when surgery is feasible in MERC patients, the prognosis is significantly poorer compared to the younger patients
with rectal cancer.15,16 Keeping this in mind, many researchers have focused on the role of neoadjuvant therapy in rectal
cancer.17–19 However, only a few studies have evaluated postoperative survival in patients with MERC, and even fewer
have developed prognostic nomograms to assess postoperative OS. In the present research, we were able to successfully
develop and create the first nomogram for predicting the postoperative OS of patients with MERC using the Affiliated
Hospital of Chengde Medical University database. By using this model, clinicians can accurately identify patients with
poor prognosis after surgery and conduct a closer follow-up or start adjuvant treatment, if necessary. According to the
results of AUC, NRI, and IDI analyses, the well-established nomogram seems to be more predictive than the TNM
staging system, especially in the second and third years after surgery.

In contrast to the other similar studies, this study is first to include the clinical variables of smoking history and family
history as independent risk factors in the survival prediction model.18,20 Previous studies have confirmed that smoking
significantly affects survival in older people,21,22 and plays a more decisive role in rectal cancer than in colon cancer.23

Furthermore, the prognosis of colorectal cancer patients who smoke, even if they undergo surgery, is unfortunate, which
is consistent with our findings.24,25 It has been proven that the prognosis of patients with a family history of colorectal
cancer is worse than that of patients without a family history.26,27 We suspect that this is primarily attributable to genetic
factors. A previous study reported that 6.7% of patients with rectal cancer had a family history of colorectal cancer.26

According to our nomogram, the presence or absence of smoking history and family history indicates that patients can

Figure 6 Kaplan-Meier curves. Kaplan-Meier curves of the low-, medium-, and high-risk groups in the training cohort (A) and validation cohort (B).
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receive different scores and display different 1-, 2-and 3-year OS rates, even if their tumors have the same TNM stage.
The additive predictive power provided by these variables undoubtedly contributed to the superior power of the
nomogram for predicting OS compared with the 8th edition of the TNM staging system.

In addition, there was a significant difference in postoperative OS between patients with and without hematochezia.
Therefore, hematochezia appears to affect the survival rate of patients with MERC after surgery. In the early stages of
rectal cancer, 80% of patients notice blood in the stool. Middle-aged and elderly patients need to be on high alert for the
risk of rectal cancer if they develop unexplained symptoms of hematochezia. With the continuous improvement of
people’s living standards and the gradual strengthening of health awareness, there has been an increase in the proportion
of patients seeking early treatment for hematochezia.28 Moreover, the department of gastrointestinal oncology of our
hospital is highly specialized, where gastroscopy or e-colonoscopy is frequently performed for investigating the cause of
hematochezia. Early detection and prompt surgical treatment are keys to good prognosis in rectal cancer patients. In

Figure 7 Web-based nomogram. Operation page of web-based nomogram (A), survival curve of a patient with MERC, who had smoking history, family history, no
hematochezia, and a tumor size of 2 cm at N1 and M0 stages (B), Survival rates and 95% confidence intervals at 1-year (black line), 2-year (blue line), and 3-year (red line)
(C), the prediction accuracy of the nomogram for the same patient (D).
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recent years, it has been found that high levels of CEA and CA 19–9 before surgery are closely related to the poor
postoperative survival rate of colorectal cancer patients.29,30 In our study, tumor markers (CEA and CA 19–9) were not
identified as independent prognostic factors in patients with MERC after surgery, even though the results of the univariate
analysis showed significance. A larger study cohort may be needed to confirm the role of these two factors in
postoperative OS of MERC patients. Moreover, the role of these oncological indicators in supporting colorectal cancer
screening and diagnosis is still controversial.29–32 In summary, we did not include tumor markers (CEA and CA 19–9) in
the nomogram, taking into account previous clinical studies and statistical results of the present study.

It is known that the depth of tumor invasion determines the T stage of the tumor and affects adjuvant treatment
strategy as well as the postoperative prognosis of a cancer patient.33 The present study revealed an interesting
phenomenon; the classical T stage of the TNM staging system (8th edition) failed to show independent predictive
significance in overall patient survival, and tumor size was proven to be an independent predictor in OS analysis. These
results are similar to those reported previously.34,35 Previous studies have analyzed tumor size according to an optimal
threshold for tumor size;36 however, we insisted on adopting a continuous variable to describe tumor size. As an essential
risk factor for tumor progression, the larger the tumor, the higher is the possibility of invading blood vessels and
lymphatic channels.36 Therefore, it is essential to consider the impact of tumor size on postoperative OS. Further
precision can be achieved using our predictive model to determine exactly how the patient’s postoperative OS rate
decreases as the tumor size increases. In this sense, tumor size can be considered as a better predictor of OS than the
depth of tumor invasion; larger the tumor volume, lower will be the postoperative OS.

Besides the above stated factors, the N and M stages of the TNM staging system were identified as significant
predictors of survival in MERC patients, a finding that was consistent with several previous reports.37–40 Studies have
shown that the surgical margin status of rectal cancer significantly impacts patient survival. To estimate survival more
accurately, all patients included in this study underwent radical resection, and the effect of resection margins on survival
was found to be minimal. Therefore, in the nomogram, each factor derived from the multivariate Cox proportional
hazards regression model was attributed to the total number of weighted points, implying survival prognosis. This
established nomogram will make it easier for physicians to assess various patient and tumor parameters with enhanced
objectivity and precision, and to distinguish MERC patients after radical resection into subgroups with different
prognoses. As we see, there can be two primary applications of this nomogram. First, as a quantitative scoring system,
the nomogram can predict the survival of patients with MERC. Second, for patients with high scores calculated using the
established nomogram, close follow-up or appropriate treatment may be required. Combining the main elements from the
TNM staging system and other tumor-associated indices, including smoking history, family history, hematochezia, and
tumor size, would contribute towards improved discriminatory power of the nomogram in predicting survival. The
nomogram established in our present research can be utilized as a practical tool to predict clinical disease outcomes and
has potential applicability in the follow-up treatment decision making of postoperative patients with MERC.

This study has some limitations that need to be addressed. First, this was a retrospective study that relied on the
database of a single research center in China. Further verification of our results using an extensive, comprehensive, and
scientific multicenter database is required. Second, despite the establishment of strict standards for inclusion and
exclusion, statistical deviations were inevitable.

Conclusions
Based on the Affiliated Hospital of Chengde Medical University database, a new nomogram was established for the first
time to predict the OS of patients with MERC at 1, 2, and 3-year after surgery. This model can provide more accurate
predictive power and clinical benefits than the TNM staging system (8th edition) and guide clinicians in optimizing
treatment plans for MERC cases.

Abbreviations
CRC, colorectal cancer; MERC, middle-aged and elderly rectal cancer; OS, overall survival; ROC, receiver operating
characteristic; DCA, decision curve analysis; IDI, integrated discrimination improvement; NRI, net reclassification
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improvement; AUC, area under the curve; TNM, tumor-node-metastasis; K–M, Kaplan–Meier; CEA, carcinoembryonic
antigen; CA 19-9, carbohydrate antigen 199; CI, confidence interval; HR, hazard ratio.
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