
O R I G I N A L  R E S E A R C H

Pathologic-Based Nomograms for Predicting 
Overall Survival and Disease-Free Survival Among 
Patients with Locally Advanced Rectal Cancer

This article was published in the following Dove Press journal: 
Cancer Management and Research

Shuai Liu, 1,* Fang He,1,* 
Ying Guan,2,* Huai-Qiang Ju,3,* 
Yan Ma,1 Zhen-Hui Li, 4 Xin- 
Juan Fan,5 Xiang-Bo Wan, 1 

Jian Zheng,1 Xiao-Lin Pang,1 Teng- 
Hui Ma6

1Department of Radiation Oncology, The Sixth 
Affiliated Hospital of Sun Yat-Sen University, 
Guangdong Provincial Key Laboratory of Colorectal 
and Pelvic Floor Diseases, Guangzhou, 510655, 
People’s Republic of China; 2Department of 
Radiation Oncology, Affiliated Tumor Hospital of 
Guangxi Medical University, Cancer Institute of 
Guangxi Zhuang Autonomous Region, Nanning, 
530000, People’s Republic of China; 3Collaborative 
Innovation Center for Cancer Medicine, State Key 
Laboratory of Oncology in South China, Sun Yat-Sen 
University Cancer Center, Guangzhou, 510030, 
People’s Republic of China; 4Department of 
Radiology, The Third Affiliated Hospital of Kunming 
Medical University, Yunnan Cancer Hospital, Yunnan 
Cancer Center, Kunming, 650118, People’s Republic 
of China; 5Department of Pathology, The Sixth 
Affiliated Hospital of Sun Yat-Sen University, 
Guangdong Provincial Key Laboratory of Colorectal 
and Pelvic Floor Diseases, Guangzhou, 510655, 
People’s Republic of China; 6Department of 
Colorectal Surgery, The Sixth Affiliated Hospital of 
Sun Yat-Sen University, Guangdong Provincial Key 
Laboratory of Colorectal and Pelvic Floor Diseases, 
Guangdong Institute of Gastroenterology, 
Guangzhou, 510655, People’s Republic of China  

*These authors contributed equally to this work  

Purpose: Preoperative neoadjuvant therapy is standard before surgery for locally advanced 
rectal cancer in current clinical treatment. However, patients with the same clinical TNM 
stage before treatment vary in clinical outcomes. More and more studies noted that patho-
logical findings after preoperative neoadjuvant therapy are better prognostic factors to 
determine prognosis than clinical TNM stage in patients with locally advanced rectal cancer. 
The purpose of this study is to develop and validate models based on pathological findings to 
predict overall survival (OS) and disease-free survival (DFS).
Patients and Methods: A total of 3026 patients from two hospitals were included. The 
endpoint was OS and DFS. Significant predictors of OS on multivariate analysis were used to 
establish the nomogram.
Results: The Harrell’s C index for OS prediction was 0.72 (95% confidence interval [CI], 0.68 to 
0.77) in the training cohort, 0.66 (95% CI, 0.60 to 0.72) and 0.68 (95% CI, 0.64 to 0.73) in the 
internal and external validation cohorts. Using this nomogram, high- and low-risk groups for OS 
were defined in the training cohort. The 3-year OS was 78.1% (95% CI: 72.4–84.2%) for the high- 
risk group and 95% (95% CI: 93.6–96.5%) in the low-risk group (HR: 4.42, 95% CI: 3.22–6.05; 
P<0.001). This finding was also applied in the two external cohorts. Similarly, a nomogram that 
contained the same indices was developed and validated to predict for DFS.
Conclusion: Nomograms based on pathological findings are a reliable tool to predict 3-year 
OS and DFS rate in patients with locally advanced rectal cancer.
Keywords: locally advanced rectal cancer, nomogram, pathological findings, overall 
survival, disease-free survival

Introduction
Colorectal cancer is the third common tumor in the world. The incidence and 
mortality patterns of colorectal cancers are generally similar in men and women.1 

Rectal cancers account for 39% of the colorectal cancers. There are about 376,300 
new cases each year in China.2 More than 70% are locally advanced rectal cancers.3 

For this group of patients, preoperative neoadjuvant therapy followed by total 
mesorectal excision (TME) is the standard treatment.

Initially, the existing clinical staging system determined the application of 
preoperative therapy and the prediction of prognosis. However, patients with the 
same TNM stage before treatment vary in clinical outcomes. Preoperative treat-
ments reduce the tumour burden and obtain a certain tumor downstaging. Good 
pathological results after neoadjuvant radiotherapy and chemotherapy are often 
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associated with improved survival in patients with rectal 
cancer. In the era of neoadjuvant therapy, accumulated 
studies demonstrate that treatment response is one of the 
most important factors for predicting final outcome.4,5 

Therefore, a model developed by factors after treatment 
can be useful to select patients with poor prognosis, who 
may benefit from intensive follow-up and obtain an 
improvement in overall survival (OS) and disease-free 
survival (DFS).

In 2011, nomograms were developed and validated on 
the basis of five major European randomized clinical 
trials to predict local recurrence, distant metastases, and 
survival for European patients with rectal cancer. These 
nomograms were based on pre-treatment factors such as 
clinical tumor stage, treatment factors and pTNM stage. 
From current point of view, the clinical tumor stage and 
treatment courses are suboptimal. Also, it is not clear 
whether these models can apply in Chinese patients. In 
2015, Shen et al developed a nomogram in a single 
cohort among 277 Chinese patients with locally advanced 
rectal cancer.6 In 2019, Li et al developed and validated 
a nomogram among a multi-center cohort of Chinese 
patients.7 These two studies also included pre-treatment 
factors and both had a major limitation on the sample 
size. Compared to the number of influencing factors 
included, the sample size was relatively small.

In this study, our main objective was to develop and 
validate nomograms based on pathological findings that 
would predict OS and DFS rate for patients who had 
received preoperative treatment and undergone stan-
dard TME.

Patients and Methods
Study Cohort
The study followed the Declaration of Helsinki, and the 
ethical application was approved by the local ethics com-
mittee of the sixth affiliated hospital, Sun Yat-sen 
University, Guangzhou, People’s Republic of China. 
Because of the nature of the retrospective study, the 
Ethics Committee exempted the need for informed con-
sent. All patient records were anonymized before analysis. 
Finally, 3026 patients with histologically confirmed ade-
nocarcinoma of the rectum formed the study cohort in the 
analysis from two academic institutions in China. Two 
thousand and forty patients recruited from the sixth 
affiliated hospital, Sun Yat-sen University (SYSU6th), of 
whom 1427 patients (SYSU6th-A) comprised the training 

cohort for model development and 613 constituted the 
internal validation cohort (SYSU6th-B); 986 patients 
from the Sun Yat-Sen University Cancer Center 
(SYSUCC) formed the external validation cohort. All 
patients received surgery between 2008 and 2018.

Patients who met the following criteria were included 
in the study: Patients diagnosed rectal adenocarcinoma 
(mucinous adenocarcinoma was excluded) according to 
the confirmation of histopathologic results before treat-
ment; patients with locally advanced rectal cancer (stage 
II–III according to pelvic MRI); no distant metastasis was 
found by computed tomography of the abdomen and chest, 
or [18F]fluorodeoxyglucose positron emission tomogra-
phy-computed tomography scan at the time of diagnosis; 
the location of the tumor was within 15 cm of the anal 
margin; all patients underwent radical surgical excision. 
Patients with unstable cardiac disease or synchronous 
malignancies were excluded.

All patients included were staged according to the 8th 
edition of the International Union against Cancer/ 
American Joint Committee on Cancer (UICC/AJCC) 
Staging System. Factors related to postoperative situation 
including age, sex, tumor location, yp T stage, yp N stage, 
TRG status, tumor differentiation, surgical methods, surgi-
cal margin, CRM, LVI, PNI, and adjuvant chemotherapy 
were collected for analysis.

Treatment Protocol Before Surgery
All patients received neoadjuvant therapy before surgery 
including combined radio-chemotherapy and radiotherapy 
or chemotherapy alone. Chemotherapy treatments consist 
of fluoropyrimidine or capecitabine-based regimens. 
Chemotherapy combined with radiotherapy were delivered 
before, concurrently with or after long-course radiotherapy 
(45–50 Gy in 25–28 fractions) as induction, concurrent or 
consolidate chemotherapy. Induction or consolidate che-
motherapy were administered before or after short-course 
radiotherapy (25 Gy in 5 fractions).

Statistical Analysis
Our primary endpoint was overall survival. Secondary 
endpoint was disease-free survival. Overall survival was 
calculated as the time from the first day of any treatment 
to death from any cause. Disease-free survival was cal-
culated from the day of surgery to the first recurrence or 
metastasis at any site, death due to disease or treatment. 
Patients who were alive at the last follow-up were 
regarded as censored data.
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SPSS version 23.0 for Windows (IBM Corporation, 
Armonk, NY, USA) was used for statistical analysis to 
identify independent factors. Kaplan–Meier method was 
used to calculate overall survival and disease-free survival. 
Log-rank test was used to compare. We did a univariate 
Cox regression analysis to test the association between the 
covariates and OS/DFS in the training cohort. Independent 
significance factors were tested in a multivariate Cox 
regression analysis using forward: LR selection.

Nomograms were developed based on the significant 
factors of multivariate analysis and conducted with 
R software (version 3.6.1; http://www.R-project.org). 
P<0.05 was considered statistically significant and statistical 
significance levels reported in this manuscript were all two- 
sided. The performance of a nomogram was measured based 
on its discrimination, calibration and clinical use. 
Discrimination was measured by Harrell’s C index and 
calibration was measured by calibration curve. Calibration 
curves were evaluated by plotting the observed rates against 
the nomogram predicted probabilities graphically. Clinical 
usefulness was evaluated by decision curve analysis.8

Results
Patient Demographics in Development 
Cohort and Validation Cohort
Clinical characteristics of patients used for statistics in the 
analysis are listed in Table 1. Median follow-up was 34 
months (interquartile range [IQR]: 22–54) for patients in 
the SYSU6th-A cohort, 30 months (17–58) for those in the 
SYSU6th-B cohort, and 51 months (37–75) in the 
SYSUCC cohort. In the SYSU6th-A cohort, the 3-year 
OS rate was 92.0% (95% CI: 90.4–93.6%), the 3-year 
DFS rate was 76.2% (95% CI: 73.7–78.7%). In the 
SYSU6th-B cohort, the 3-year OS rate was 86.4% (95% 
CI: 83.1–89.7%), the 3-year DFS rate was 74.4% (95% CI: 
70.1–78.7%). In the SYSUCC cohort, the 3-year OS rate 
was 91.0% (95% CI: 89.2–92.8%), the 3-year DFS rate 
was 83.8% (95% CI: 81.4–86.2%).

Independent Prognostic Factors for OS in 
the SYSU6th-A Cohort
Firstly, the factors listed in Table 1 were tested for their 
association with OS in the SYSU6th-A cohort. Then, the 
covariates with P<0.2 in the univariate analysis were 
included in the multifactor analysis. At last, significant pre-
dictors of OS on multivariate analysis were advanced yp 
T stage (yp T stage 1–2 v 0; yp T stage 3–4 v 0), advanced 

yp N stage (yp N stage 1 v 0; yp N stage 2 v 0), lower tumor 
location (low v mid to high), poor differentiation (poor 
v moderate to well) and without adjuvant chemotherapy 
(Table 2).

Prognostic Nomogram for OS in the 
SYSU6th-A Cohort
The prognostic nomogram comprised of five significant cov-
ariates for OS in the SYSU6th-A cohort is shown in Figure 1A. 
The Harrell’s C index for OS prediction was 0.72 (95% CI, 
0.68 to 0.77). The calibration plot showed good agreement 
between actual observation and the probability of OS predicted 
by nomogram at 2 or 3 years (Figure 2A).

Validation of the Nomogram for OS 
Prediction
We validated the predictive accuracy of the developed nomo-
gram for OS in two validation cohorts: an internal cohort of 
613 patients from SYSU6th-B and an external cohort of 986 
patients from SYSUCC. The Harrell’s C index of the nomo-
gram for predicting OS yielded 0.66 (95% CI, 0.60 to 0.72) 
and 0.68 (95% CI, 0.64 to 0.73) in the SYSU6th-B and 
SYSUCC cohorts, respectively. The calibration curves 
between prediction and observation for the two validation 
cohorts in predicting 3-year OS are shown in Figure 2B and C.

Clinical Use
The decision curve analysis for the nomogram is presented 
in Figure 3. The decision curve showed that it was better 
to use the nomogram to predict 3-year OS than either the 
treat-all-patients or the treat-none-patients scheme.

Classification of High- and Low-Risk 
Subgroups for OS
By using this nomogram, we were able to clarify high- and 
low-risk groups for OS in the training cohort and two valida-
tion cohorts. The classification into the high-risk and low-risk 
subgroups was dependent on a cut-off according to clinical 
use (>115 and ≤115, respectively). This assigned 339 
(23.8%) of 1427 patients to the high-risk group and 1088 
(76.2%) to the low-risk group. The 3-year OS was 78.1% 
(95% CI: 72.4–84.2%) for the high-risk group and 95% (95% 
CI: 93.6–96.5%) in the low-risk group (HR: 4.42, 95% CI: 
3.22–6.05; P<0.001; Figure 4A). Using the same cut-off 
score of 115, we were able to define validation cohorts into 
two subgroups, respectively. In the SYSU6th-B internal vali-
dation cohort, 176 (28.7%) of 613 patients were categorized 
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Table 1 Clinical Characteristics of Patients in the Development, Internal, and External Validation Cohorts

Characteristics Overall, No. 
(%)

SYSU6thA-A (Development), 
No. (%)

SYSU6thA-B (Internal 
Validation), No. (%)

SYSUCC (External Validation), 
No. (%)

No. of patients 3026 1427 613 986

Age (years)

≤56 1532 (50.6) 687 (48.1) 325 (53.0) 520 (52.7)

>56 1494 (49.4) 740 (51.9) 288 (47.0) 466 (47.3)

Sex

Male 2042 (67.5) 984 (69.0) 407 (66.4) 651 (66.0)

Female 984 (32.5) 443 (31.0) 206 (33.6) 335 (34.0)

Tumor location

Mid to high (5.1–15cm) 1369 (45.2) 692 (48.5) 257 (41.9) 420 (42.6)

Low (0–5cm) 1657 (54.8) 735 (51.5) 356 (58.1) 566 (57.4)

yp T stage

0 677 (22.4) 287 (20.1) 155 (25.3) 235 (23.8)

1–2 856 (28.3) 405 (28.4) 157 (25.6) 294 (29.8)

3–4 1493 (49.4) 735 (51.5) 301 (49.1) 457 (46.3)

yp N stage

0 2341 (77.4) 1094 (76.7) 462 (75.4) 785 (79.6)

1 533 (17.6) 254 (17.8) 114 (18.6) 165 (16.7)

2 152 (5.0) 79 (5.5) 37 (6.0) 36 (3.7)

TRG

0–1 1420 (46.9) 646 (45.3) 311 (50.7) 463 (47.0)

2–3 1606 (53.1) 781 (54.7) 302 (49.3) 523 (53.0)

Differentiation

Moderate to well 2613 (86.4) 1254 (87.9) 526 (85.8) 833 (84.5)

Poor 413 (13.6) 173 (12.1) 87 (14.2) 153 (15.5)

Surgical method

Dixon 1809 (59.8) 866 (60.7) 271 (44.2) 672 (68.2)

Miles 819 (27.1) 309 (21.7) 222 (36.2) 288 (29.2)

Others 398 (13.2) 252 (17.7) 120 (19.6) 26 (2.6)

Surgical margin

Negative 3009 (99.4) 1416 (99.2) 607 (99.0) 986 (100.0)

Positive 17 (0.6) 11 (0.8) 6 (1.0) 0 (0)

CRM

Negative 2995 (99.0) 1408 (98.7) 603 (98.4) 984 (99.8)

Positive 31 (1.0) 19 (1.3) 10 (1.6) 2 (0.2)

LVI

No 2934 (97.0) 1388 (97.3) 591 (96.4) 955 (96.9)

Yes 92 (3.0) 39 (2.7) 22 (3.6) 31 (3.1)

PNI

No 2859 (94.5) 1346 (94.3) 585 (95.4) 928 (94.1)

Yes 167 (5.5) 81 (5.7) 28 (4.6) 58 (5.9)

Adjuvant chemotherapy

Yes 2440 (80.6) 1217 (85.3) 446 (72.8) 777 (78.8)

No 586 (19.4) 210 (14.7) 167 (27.2) 209 (21.2)

Abbreviations: TRG, tumor regression grade; CRM, circumferential resection margin; LVI, lymphovascular invasion; PNI, perineural invasion.
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into the high-risk group and 437 patients (71.3%) into the 
low-risk group, which showed significantly different on OS 
(HR: 2.58, 95% CI: 1.74–3.82; P<0.001; Figure 4B). 
Similarly, in the SYSUCC external validation cohort, 206 
(20.9%) of 986 patients were classified into the high-risk 
group and 780 patients (79.1%) into the low-risk group. 
Patients with high-risk scores had shortened OS (HR: 3.64, 
95% CI: 2.64–5.02; P<0.001; Figure 4C).

Construction and Validation of 
a Nomogram for DFS
We hypothesized that a nomogram that consisted of the 
same five covariates would predict for DFS. With use 
of the five-factor nomogram (Figure 1B), the Harrell’s 
C index for DFS between the training and validation 
cohorts (C=0.71 v 0.72 [SYSU6th-B] and 0.68 
[SYSUCC]) was comparable. The calibration plots 
were closely matched between the prediction by nomo-
gram and actual observation for predicting DFS at 
3 years in the training and two validation cohorts 
(Figure 5). By using the same cut-off score 65 (≤65 
and>65, respectively), patients were categorized into 
the low-risk and high-risk subgroups. Patients with 
high-risk scores had shortened disease-free survival in 
the training cohort (Figure 6A), the SYSU6th-B inter-
nal validation cohort (Figure 6B), and in the SYSUCC 
external validation cohort (Figure 6C). These findings 
confirmed our hypothesis and demonstrated the utility 
of our nomogram for predicting outcomes and risks.

Discussion
In current multi-center, retrospective cohort study, we 
finally developed prognostic nomograms based on five 
clinical factors to predict the risk of DFS and OS in locally 
advanced rectal cancer. The results were validated in an 
internal validation cohort and an external validation 
cohort. By using these nomograms, we classified patients 
into high-risk and low-risk groups who had significantly 
different prognosis. Patients fall into the low-risk group 
would probably have favorable outcomes while patients 
with high risk may need intensive follow-up.

Many factors may influence the prognosis of patients 
with advanced rectal cancer, such as age,9–11 gender,12,13 

body mass index,14 the initial clinical stage,15,16 tumor 
location,17,18 carcinoembryonic antigen levels,19,20 neoad-
juvant radiotherapy or chemotherapy,21,22 the sequence of 
radiotherapy and chemotherapy,23,24 the interval between 
radiotherapy and surgery,25,26 surgical options,27,28 patho-
logical outcomes,29,30 and adjuvant chemotherapy.31,32 In 
this study, all patients received neoadjuvant treatment regi-
mens followed by TME. Nowadays, more studies found 
that survival in patients interrelated closely with post- 
therapy pathologic findings, regardless of pretherapy clin-
ical stage. The final pathologic outcomes are the most 
reliable marker of overall survival in patients received 
neoadjuvant therapy.5,33 The prognostic factors in down- 
staged patients may need discussions to be improved. We 
agree with these studies, therefore, in addition to basic 
features such as age and sex, we mainly studied the patho-
logical factors including tumor location, yp T stage, yp 

Table 2 Multivariate Analysis of the Development Cohort

Variable Overall Survival

HR 95% CI P

yp T stage (0) Ref Ref Ref

yp T stage (1–2) 1.211 0.624 to 2.351 0.572
yp T stage (3–4) 2.411 1.322 to 4.396 0.004

yp N stage (0) Ref Ref Ref

yp N stage (1) 2.689 1.857 to 3.893 <0.001
yp N stage (2) 3.768 2.334 to 6.082 <0.001

Tumor location (mid to high) Ref Ref Ref

Tumor location (low) 1.447 1.038 to 2.017 0.029
Differentiation (moderate to well) Ref Ref Ref

Differentiation (poor) 1.521 1.037 to 2.229 0.032

Adjuvant chemotherapy (yes) Ref Ref Ref
Adjuvant chemotherapy (no) 2.241 1.499 to 3.350 <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval.
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N stage, tumor differentiation, surgical margin, CRM, LVI, 
and PNI, and adjuvant chemotherapy. Finally, advanced yp 
T stage, advanced yp N stage, lower tumor location, poor 
differentiation and without adjuvant chemotherapy are 
factors of poor prognosis. These factors contributed to 
the construction of the five-variable model.

In the early study, Borschitz, T et al reported that 
pathologic stage after treatment was highly predictive of 
survival. Local recurrence rates were different in different 
pathologic stage: ypT1, 2%; ypT2, 6%-20%; ypT3, 43%.34 

The result appeared to be similar in recent studies. Daniel 
D et al analyzed 44,320 patients with rectal cancer 

between 2004 and 2014 and confirmed that it was not 
the clinical stage but the final pathologic stage best pre-
dicted long-term outcomes. Pathologic T1N0 patients dis-
played equivalent survival patterns with cT1N0 disease, 
regardless of baseline presentation. It seemed that pre- 
treatment clinical stage had little influence on survival in 
patients undergoing neoadjuvant therapy.5 Our findings are 
in agreement with these studies, therefore, yp T stage and 
yp N stage are chosen as factors in multivariate analysis 
and they do demonstrate important role in nomogram.

Many studies noted that tumor location of the rectal 
cancer affected the final outcomes significantly.17 The 

A

B

Figure 1 Developed nomograms for overall survival and disease-free survival. (A) Nomogram A to predict overall survival. (B) Nomogram B to predict disease-free 
survival. The two prognostic nomograms were both developed in the development cohort (SYSU6thA-A cohort) with the common five significant covariates.
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A

B

C

Figure 2 Calibration curves of nomograms to predict overall survival at 3 years in development and validation cohorts. (A) Calibration curve of the nomogram in the 
SYSU6thA-A development cohort. (B) Calibration curve of the nomogram in the SYSU6thA-B internal validation cohort. (C) Calibration curve of the nomogram in the 
external validation SYSUCC cohort. The actual 3-year overall survival is plotted on the y axis; the predicted probability by nomogram is plotted on the x axis. The dotted 
line represents a perfect prediction made by an ideal model. Smooth lines represent the performance of the nomogram, and dots represent corresponding observed rates 
with 95% CIs.
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main reason for this was the increased difficulty in surgery 
due to complex anatomy and narrow space at the bottom 
of the pelvic. Yang et al35 noted that low rectal cancer had 
higher risk of tumor relapse after laparoscopic resection 
than mid-rectal and upper-rectal cancers. This may be 
caused by higher rates of positive CRM and permanent 
stoma in low rectal cancer. Frambach et al36 considered 
a distance of the rectal cancer from the anal verge ≤5 cm 
was the risk factor for recurrence and lung metastasis. 
Sunil et al18 analyzed 827 patients and concluded that 
low tumors were less likely to have a pCR which was 
associated with better prognosis. In the present study, we 
also found that tumor distance from the anal verge was an 
independent predictor of clinical outcomes.

Compared with patients with moderately- and well- 
differentiated rectal cancer, those with rectal cancer in 
poorly differentiated usually have a worse prognosis. 
Biologically, poorly differentiated cancers are more 
aggressive than the more differentiated tumors. 
Moreover, de-differentiated tumors are more often 
found to have vascular and neural structures invasion 
and histological boundaries transgression.37,38 In Qiu 
et al39 study, unresponsiveness or poor response was 
mostly occurred in patients with poor differentiation37 

and T4, whom always had poor prognosis.
The impact of adjuvant chemotherapy in the multi-

disciplinary management of locally advanced rectal 

cancer remains controversial. Its role is questioned in 
some studies.40,41 These studies did not show 
a survival advantage with adjuvant chemotherapy. 
However, discordant data could be found in literatures 
on this issue. Some studies showed benefits with adju-
vant chemotherapy.32 In current study, OS and DFS 
were improved among those patients treated with adju-
vant chemotherapy. The limited compliance with che-
motherapy regimens maybe the reason of negative 
results in previous studies with no benefits. More 
strong evidences are needed to prove the role of adju-
vant chemotherapy in rectal cancer.

Our nomograms might propose a simple method to 
predict prognosis in locally advanced rectal cancer. The 
performance of nomograms was verified in two valida-
tion cohorts. However, our study has several limita-
tions. First, these nomograms were developed on 
a retrospective analysis and require further validation 
in prospective study. What is more, chemotherapy regi-
mens received by patients were not consistent due to 
the retrospective data. Second, we did not include 
genetic indicators, which may act as prognostic impli-
cations. Moreover, the model was based on two institu-
tions, hence, its validity in general populations remains 
to be further verification despite our internal and exter-
nal validation.

Figure 3 Decision curve analysis for the nomogram to predict overall survival. The y axis measures the net benefit. The net benefit is a result that the proportion of patients 
who are true positive subtracts the proportion of patients who are false positive, weighting by the relative harm of undetected tumor compared with the harm of 
unnecessary treatment. The blue dotted line represents the nomogram. The red line represents the assumption that all patients are treated. The black line represents the 
assumption that no patients are treated.
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Figure 4 Clinical risk stratification based on nomogram for OS and the plot of overall survival of different risk subgroups. (A) OS in the low-risk and high-risk subgroups 
classified by a cut-off of ≤115 and>115, respectively, in the SYSU6thA-A development cohort; OS in the low-risk and high-risk subgroups classified by the same cut-off of 115 
in (B) the SYSU6thA-B internal validation cohort and (C) the external validation SYSUCC cohort.
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Figure 5 Calibration curves of the nomogram to predict disease-free survival at 3 years in development and validation cohorts. (A) Calibration curve of the nomogram in 
the SYSU6thA-A development cohort. (B) Calibration curve of the nomogram in the SYSU6thA-B internal validation cohort. (C) Calibration curve of the nomogram in the 
external validation SYSUCC cohort. The actual 3-year disease-free survival is plotted on the y axis; the predicted probability by nomogram is plotted on the x axis. The 
dotted line represents a perfect prediction made by an ideal model. Smooth lines represent the performance of the nomogram, and dots represent corresponding observed 
rates with 95% CIs.
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Figure 6 Clinical risk stratification based on nomogram for DFS and the plot of disease-free survival of different risk subgroups. (A) DFS in the low and high-risk subgroups 
classified by a cut-off of ≤65 and>65, respectively, in the SYSU6thA-A development cohort; DFS in the low and high-risk subgroups classified by the same cut-off of 65 in (B) 
the SYSU6thA-B internal validation cohort and (C) the external validation SYSUCC cohort.
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Conclusion
In conclusion, we developed and validated nomograms to 
effectively predict 3-year OS and DFS rate. It is a useful 
tool that can divide patients into groups with different 
risks, which may help clinicians identify patients who 
need close follow-up.
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