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Purpose: This study aimed to develop and validate a nomogram for predicting 3-year
disease-free survival (DFS) among a multicenter cohort of Chinese patients with locally
advanced rectal cancer (LARC) who underwent preoperative therapy followed by surgery.
This nomogram might help identify patients who would beneﬁt from postoperative adjuvant
chemotherapy and close follow-up.
Materials and methods: All data from 228 patients in two independent Chinese cohorts
(118 patients and 110 patients) were pooled and subjected to survival analysis. One cohort’s
data were used to develop multivariate nomograms based on Cox regression, and the second
cohort was used for external validation. The variables were sex, age, clinical tumor stage,
tumor location, preoperative therapy protocol, adjuvant chemotherapy, surgical procedure,
surgical approach, pTNM stage, tumor deposit, tumor regression grade, lymphovascular
invasion, perineural invasion, pretreatment serum carcinoembryonic antigen (CEA) level,
preoperative CEA level, and postoperative CEA level. The model’s performance was evaluated based on its discrimination, calibration, and clinical usefulness.
Results: The nomogram was based on ypT stage and ypN stage, and the C-index values for
3-year DFS were 0.70 in the training cohort (95% conﬁdence interval: 0.62–0.78) and 0.78 in
the validation cohort (95% conﬁdence interval: 0.68–0.89). The Hosmer-Lemeshow calibration test revealed good calibration for predicting 3-year DFS in the training and validation
cohorts, and decision curve analysis demonstrated that the nomogram was clinically useful.
Conclusion: This nomogram including the ypT stage and ypN stage could predict DFS at
3 years after surgery, which may help better identify Chinese patients who would beneﬁt
from additional postoperative adjuvant systemic treatment.
Keywords: rectal cancer, disease-free survival, recurrence, nomogram

Introduction
Colorectal cancer (CRC) is the third most common malignant cancer and the fourth
leading cause of cancer-related death among men, with rankings of the second most
common and third most lethal cancer among women.1 There are >376,000 cases of
CRC in China each year, with approximately 70% being diagnosed as locally
advanced rectal cancer (LARC).2,3 The standard treatment for LARC involves
preoperative therapy followed by surgery and adjuvant chemotherapy.4 However,
only 25% of patients beneﬁt from postoperative adjuvant chemotherapy after
preoperative therapy, with no overall reduction in distant metastases (DM) or
improved survival.5–7 Thus, patients with LARC who have a low probability of
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recovery may be appropriate for intensiﬁed local or systemic treatment, and there is an urgent need to develop and
validate models that can guide personalized treatment
decisions in an evidence-based manner.7,8
Some models, which are visualized using nomograms,
have been proposed for predicting outcomes during follow-up for LARC in the latest American Joint Committee
on Cancer (AJCC) Cancer Staging Manual.9 These predictions models who underwent preoperative radio/radiochemotherapy were based on data from four large
European randomized clinical trials.7 The discriminative
capability of these prediction models was determined
based on the concordance index (C-index) values for
local recurrence (0.68), DM (0.73) and overall survival
(0.7) after 5–10 years of follow-up, and the models were
externally validated using data from another European
randomized clinical trial.7 However, before 2015, it was
unclear whether these prediction models were generalizable to Asian populations, especially the Chinese population, as differences in population distribution and
treatment might inﬂuence the discrimination and calibration of these models.10 Thus, Shen et al evaluated these
models using routine clinical data from Chinese patients
in 2015, and found differences in the clinicopathological
features in the European clinical trial data (training set)
and the Chinese data, which led the models to overestimate the local control rate versus the outcomes that were
observed in clinical practice.10 Furthermore, that study
only evaluated data from a single institution, which might
not reﬂect the entire Chinese population.10 Moreover, the
study failed to incorporate serum carcinoembryonic antigen (CEA), tumor deposit (TD), tumor regression grade
(TRG), circumferential resection margin (CRM), lymphovascular invasion (LVI), perineural invasion (PNI),
micro-satellite instability (MSI), KRAS mutations,
NRAS mutations, and BRAF mutations, which are considered in the 8th edition of the AJCC Cancer Staging
Manual for predicting LARC outcomes.9 Therefore, prediction models must be optimized and validated in the
Chinese population using additional prognostic factors
and more representative cohorts to determine whether
they can enhance the personalized treatment of LARC.
The present study aimed to develop a nomogram for
predicting disease-free survival (DSF) among a multicenter
cohort of Chinese patients with LARC, and to incorporate six
additional factors (CEA, TD, CRM, TRG, LVI, and PNI) that
are included in the 8th edition of the AJCC Cancer Staging
Manual. The nomogram was then subjected to independent
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external validation, in order to determine whether it could
help identify Chinese patients who would beneﬁt from additional postoperative adjuvant systemic treatment.

Materials and methods
This retrospective study complied with the Declaration of
Helsinki and good clinical practice guidelines, and the retrospective protocol was approved by the local ethics committee
of the Yunnan Cancer Hospital, Xishan Region, Kunming,
People’s Republic of China (KY201824). The committee
waived the need for informed consent to be obtained because
this study is a retrospective study. All patient information in
the study was anonymous.

Patients
We retrospectively identiﬁed 228 consecutive Chinese
patients with LARC who underwent preoperative therapy
between December 2012 and March 2015 at two centers,
including 118 patients from the Yunnan Cancer Hospital
and 110 patients from The Sixth Afﬁliated Hospital of Sun
Yat-sen University. Figure 1 shows the study ﬂow chart.
Based on the existing literature,7 the inclusion criteria
were:
(a) Primary rectal adenocarcinoma conﬁrmed via
biopsy
(b) A T3 or resectable T4M0 tumor based on pre-treatment computed tomography of the chest and abdomen and pelvis magnetic resonance imaging,
according to the 8th edition of the AJCC Staging
Manual9
(c) A tumor that was located within 15 cm of the anal
verge
(d) Age of ≤80 years
(e) No other treatment before the preoperative therapy
(f) Radical surgery was performed after the preoperative therapy
The exclusion criteria were:
(a) Patients with a history of cancer
(b) Patients who did not complete preoperative radiochemotherapy or chemotherapy or radiotherapy
(c) Patients with residual tumor and/or circumferential
resection margin involvement
(d) Patients with <3 years of follow-up data
(e) Patients who did not undergo postoperative imaging or clinical follow-up to detect recurrence
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Center 1 (training cohort)
Locally Advanced Rectal Cancer
(December 2012 -March 2015 )
391 cases

Center 1 (validation cohort)
Locally Advanced Rectal Cancer
(December 2012 -March 2015 )
258 cases
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273 excluded cases

158 excluded cases

3 with a history of cancer
209 without preoperative RT and/ or CT
9 with residual tumor and/or positive CRM
4 with less than 3 years of follow-up
48 with undergo neither postoperative CT or
MRI assessment nor clinical follow-up
tumor relapse

2 with a history of cancer
109 without preoperative RT and/ or CT
1 with residual tumor and/or positive CRM
2 with less than 3 years of follow-up
44 who undergo neither postoperative CT or
MRI assessment nor clinical follow-up
tumor relapse

Eligible
118 cases

3-year DFS (+)
82 cases

3-year DFS (-)
36 cases

Eligible
110 cases

3-year DFS (+)
92 cases

3-year DFS (-)
18 cases

Figure 1 Study ﬂow chart.
Abbreviations: CRM, circumferential resection margin; CT, chemotherapy; DFS, disease-free survival; RCT, radiochemotherapy; RT, radiotherapy.

Based on the nomograms for predicting local recurrence
and DM from LARC,7,9 the present study analyzed the
following factors:
(a) Patient characteristics, which included sex, age at
surgery, pre-treatment clinical tumor (cT) stage, and
tumor location
Location was categorized based on distance from the anorectal verge: <5 cm, 5–10 cm, and >10 cm. Clinical nodal
(cN) stage was not included in the multivariate model
because of its absence in certain data sets (69%) and the
low reliability of imaging-based nodal staging.11
(b) Treatment factors, which included preoperative therapy
protocol (radiochemotherapy or chemotherapy or
radiotherapy),surgical procedure (low anterior resection or abdominoperineal resection), surgical approach
(laparoscopic resection or open resection), and ﬂuorouracil-based adjuvant chemotherapy (yes or no)
(c) Pathological factors, which included tumor stage
(ypT), nodal stage (ypN), TD (yes or no), TRG
(0–3), LVI (yes or no), and PNI (yes or no)
The pathological factors were judged based on the 8th
edition of the AJCC Cancer Staging Manual and the
National Comprehensive Cancer Network guidelines.4,9

Cancer Management and Research 2019:11

(d) Pretreatment, preoperative, and postoperative serum
carcinoembryonic antigen (CEA) levels
The pretreatment CEA level was the value closest to
the start of preoperative therapy. The preoperative CEA
level was the value closest to the time of surgery. The
postoperative CEA level was the last value from
<12 weeks after surgery and before starting adjuvant chemotherapy. The CEA levels were categorized as normal
(≤5.0 ng/mL) or elevated. (>5.0 ng/mL)
(e) Predicted outcomes, which were recurrence within
3 years and the corresponding time-to-event in months
The DFS interval was deﬁned as the time from the start
of preoperative therapy to the ﬁrst conﬁrmed instance of
local recurrence, DM, or death due to disease or treatment.
Patients who were alive and free from disease (or died
from an unrelated cause and without evidence of rectal
cancer) were censored at the last follow-up.12

Preoperative therapy protocol
All patients received the preoperative therapy according the
National Comprehensive Cancer Network (NCCN) Clinical
Practice Guidelines in the Rectal Cancer.4 Preoperative therapy
protocol included combined radiochemotherapy, mono chemotherapy or mono radiotherapy. The combined
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radiochemotherapy included Capecitabine/long-course radiotherapy(45–50 Gy in 25–28 fractions), infusional 5-FU/longcourse radiotherapy(45–50 Gy in 25–28 fractions), or bolus 5FU/leucovorin//long-course radiotherapy(45–50 Gy in 25–28
fractions). The mono chemotherapy included FOLFOX (folinic acid, ﬂuorouracil and oxaliplatin) or CAPEOX (capecitabine and oxaliplatin). The mono radiotherapy was the regimen
of 25 Gy in 5 fractions.

Follow-up
All patients were followed every 3–6 months during the
ﬁrst 2 years, every 6 months during the next 3 years, and
then annually thereafter. The evaluations included a clinical examination, abdominal ultrasonography or computed
tomography, chest radiography, and serum CEA level. All
instances of local recurrence or DM were conﬁrmed via
histology or imaging.

Statistical analysis
The statistical analyses were performed using R software
(version 3.4.0; http://www.R-project.org). Missing values
(for covariates with <10% missing values) were imputed
using
expectation-maximization
imputation.13
Differences were considered statistically signiﬁcant at a
two-sided P-value of <0.05. The Yunnan Cancer Hospital
cohort was used as the training dataset and The Sixth
Afﬁliated Hospital of Sun Yat-sen University cohort was
used as the external validation dataset.
Differences in clinicopathological characteristics
between the training and validation cohorts were analyzed using the t test or chi-square test. The hazard
function for DFS was plotted using the kernel-smoothing method,14 and the 3-year DFS rates according to the
different variables were compared using Kaplan-Meier
curves and the log-rank test. Multivariate analyses were
performed using the Cox proportional hazards model,
and hazard ratios (HR) and 95% conﬁdence intervals
(CI) were calculated using the model coefﬁcients.
Signiﬁcant predictors of 3-year DFS were selected
based on the Cox model using the training data
(p<0.05). The model was re-developed with the signiﬁcant predictors, and all predictors still contributed signiﬁcantly to the reduced model.
The model’s performance was evaluated based on its
discrimination, calibration, and clinical usefulness.
Discrimination was evaluated using the Harrell concordance index (C-index) and calibration was evaluated
using the Hosmer-Lemeshow calibration test and a
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calibration curve.15,16 Clinical beneﬁts at different threshold probabilities were evaluated using decision curve
analysis.17 The model’s performance was also evaluated
using bootstrapping, in which the data set was tested 1,000
times with random resampling each time (ie, patients
could occur more than once in the data set), and the
model’s output was subsequently converted into a
nomogram.18

Results
Clinicopathological characteristics
The clinicopathological characteristics of the two cohorts
are shown in Table S1. No signiﬁcant differences (p=0.051
to 0.861) were detected in terms of sex, age, PNI, pretreatment serum CEA level, preoperative serum CEA level, or
postoperative serum CEA level. However, there were signiﬁcant differences (all p<0.05) in terms of tumor location,
cT stage, cN stage, preoperative protocol therapy, adjuvant
chemotherapy, surgical procedure, surgical approach, ypT
stage, ypN stage, TRG, and LVI.

Follow-up analysis
The median follow-up intervals were 45.5 months in the
training cohort (interquartile range [IQR]: 39.9–
53.0 months) and 48.6 months in the validation cohort
(IQR: 43.5–53.1 months). In the training cohort, the overall survival rate at the last follow-up was 64.8% (95% CI:
55.1–76.4%), the DFS rate at the last follow-up was 45.4%
(95% CI: 34.8–59.1%), the 3-year DFS rate was 69.5%
(95% CI: 61.2–78.3%), the mean DFS was 38.3 months
(95% CI: 35.0–41.6 months), and the median DFS was
42.9 months (IQR: 41.0–45.3 months). In the validation
cohort, the overall survival rate at the last follow-up was
91.1% (95% CI: 81.7–100.0%), the DFS rate at the last
follow-up was 75.2% (95% CI: 61.2–92.3%), the 3-year
DFS rate was 83.6% (95% CI: 77.0–90.8%), the mean
DFS was 44.4 months (95% CI: 42.1–46.9 months), and
the median DFS was 47.8 months (IQR: 44.6–
49.1 months). The smoothed curves for the hazard function in each cohort indicated that the risk of recurrence
was slightly higher and peaked slightly earlier in the
training cohort (Figure S1). The Kaplan-Meier analyses
of the pooled data revealed that the DFS interval was
signiﬁcantly inﬂuenced by preoperative therapy protocol,
surgical approach, ypT stage, ypN stage, TRG, LVI, PNI,
preoperative CEA level, and postoperative CEA level
(Table 1).
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Table 1 DFS rate at 3 years for the pooled data set, stratiﬁed for each variable
Characteristic

No. of patients

3-year DFS rate (%)

Male
Female

151
77

73.5
81.8

≤49

76

77.6

50–59
60–69

66
65

71.2
81.5

≥70

21

71.4

Low

115

73.9

Mid
High

94
19

79.8
73.7

3

148

79.1

4

80

71.3

P

Clinical diagnosis

Cancer Management and Research downloaded from https://www.dovepress.com/ by 3.235.29.190 on 02-Apr-2020
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Gender

0.166

Age

0.456

Tumor location

0.606

cT stage

0.198

cN stage
0

70

78.6

1–2

158

75.3

Yes

172

71.5

No

56

91.1

Yes
No

215
13

77.2
61.5

Yes

206

75.2

No

22

86.4

LAR

70

71.4

APR

158

78.5

LR
OR

112
116

82.1
70.7

0

37

94.6

1–2

53

83.0

3
4

128
10

70.3
50.0

0.590

Treatment
Preoperative radiotherapy

0.004*

Preoperative chemotherapy

0.129

Adjuvant chemotherapy

0.253

Surgical procedure

0.213

Surgical approach

0.029*

Pathology
ypT stage

0.001*

ypN stage

<0.001*

(Continued)
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Table 1 (Continued).
Characteristic

No. of patients

3-year DFS rate (%)

0
1

151
54

87.4
63.0

2

23

34.8

Yes
No

8
103

75.0
72.8

G0

37

94.6

G1

34

82.4

G2
G3

91
66

69.2
76.3

Yes

24

50.4

No

177

81.4

Yes

14

28.6

No

188

81.4

Normal (≤5 ng/ml)

103

81.6

Elevated (>5 ng/ml)

112

71.3

Normal (≤5 ng/ml)
Elevated (>5 ng/ml)

122
106

82.8
68.9

Normal (≤5 ng/ml)

193

78.8

Elevated (>5 ng/ml)

27

59.3
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TD

0.832

TRG

0.018*

LVI

<0.001*

PNI

<0.001*

CEA
Pretreatment level

0.079

Preoperative level

0.011*

Postoperative level

0.011*

Note: *P-value <0.05, selected as predictor for nomogram.
Abbreviations: APR, abdominoperineal resection; CEA, carcinoembryonic antigen; cN, clinical nodal [stage]; CRM, circumferential resection margin; cT, clinical tumor
[stage]; LAR, low anterior resection; LR, laparoscopic resection; LVI, lymphovascular invasion; OR, open resection; PNI, perineural invasion; TD, tumor deposit; TRG, tumor
regression grade; ypN, nodal stage; ypT, tumor stage.

Nomogram
The nomogram was developed using all patients in the training
cohort (N=118). However, some predictive variables from the
Kaplan-Meier analyses (Table 1) were not signiﬁcant in the
multivariate models (Table 2), and these variables included
preoperative therapy protocol, surgical approach, TRG, LVI,
PNI, preoperative CEA level, and postoperative CEA. The
predictors that remained signiﬁcant in the nomogram included
ypT stage and ypN stage.
The 3-year DFS nomogram is presented in Figure 2.
The C-index values were 0.70 in the training cohort (95%
CI: 0.62–0.78) and 0.78 in the validation cohort (95% CI:
0.68–0.89). The nomogram’s performance was not signiﬁcantly difference between the training and validation
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cohorts. Furthermore, the Hosmer-Lemeshow calibration
test failed to detect a signiﬁcant result in the training and
validation cohorts, with Figure 3 showing the calibration
plots for external validation at 1 year, 2 years, or 3 years.
Figure 4 shows the decision curve at 3 years, and the use
of the nomogram’s predictions of 3-year outcomes provided better results than scenarios in which all patients
were treated or in which no patients were treated (the risk
probabilities ranged from 0.21 to 0.44).

Discussion
We developed and validated a nomogram including the
ypT stage and ypN stage for predicting recurrence among
Chinese patients with LARC who underwent preoperative

Cancer Management and Research 2019:11
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Table 2 Model development of 3-year DFS: multivariate analyses to determine the ﬁnal predictors for the nomograms
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Variable

Cox proportional hazards regression

Nomogram

HR*

95% CI

P

Gender
Age

1.32
1.00

0.58 to 3.05
0.97 to 1.03

0.51
0.98

Tumor location

0.72

0.37 to 1.39

0.32

cT stage
Preoperative radiotherapy

0.62
0.72

0.28 to 1.39
0.12 to 4.44

0.24
0.72

Preoperative chemotherapy

0.56

0.15 to 2.03

0.38

Adjuvant chemotherapy
Surgical procedure

3.42
0.66

0.42 to 0.42
0.27 to 1.60

0.25
0.35

Surgical approach

0.78

0.21 to 2.91

ypT stage
ypN stage

1.99
1.89

1.14 to 3.47
1.03 to 3.48

TD

0.93

0.35 to 2.47

0.88

TRG
LVI

0.56
0.99

0.29 to 1.10
0.43 to 2.25

0.09
0.97

PNI

1.69

0.79 to 3.61

0.18

Pretreatment CEA level
Preoperative CEA level

0.47
1.71

0.18 to 1.24
0.65 to 4.51

0.13
0.28

Postoperative CEA level

1.04

0.35 to 3.11

0.94

Performance
(c-index)

95% CI

0.71

Training: 0.70

0.62 to 0.78

0.02**
0.04**

Validation: 0.78

0.68 to 0.89

Note: The concordance index (c-index; mean and 95% CI) for the training and external validation data sets are given for the derived nomograms as a performance measure.
*HRs are calculated in the following framework: sex (male v female), cT stage (cT4v T3), tumor location (high→low), preoperative radiotherapy(yes v no), preoperative
chemotherapy(yes v no) (yes v no), adjuvant chemotherapy (yes v no), surgery procedure(APR v LAR), surgical approach (LR v OR), pT stage (pT4 → pT0), pN stage
(pN2 → pN0), TD (yes v no), TRG (G3 → G0), LVI (yes v no), PNI (yes v no), pretreatment/preoperative/postoperative CEA level (elevated v normal). Age is continuous.
**P-value <0.05, selected as predictor for nomogram.
Abbreviations: CEA, carcinoembryonic antigen; CRM, circumferential resection margin; cT, clinical tumor [stage]; DFS, disease-free survival; HR, hazard ratio; LVI,
lymphovascular invasion; TD, tumor deposit; TRG, tumor regression grade; ypN, nodal stage; ypT, tumor stage.

Points

0

2

4

6

3

1

TStage

10

8

0

4

2
1

NStage

2

0
Total Points

0

8

4

12

16

20

1-year survival
0.95

0.9

0.8

0.7

0.6

0.5

0.4

2-year survival
0.8

0.9

0.7

0.6

0.5

0.4

0.3

0.2

3-year survival
0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Figure 2 Nomograms for predicting 3-year disease-free survival among patients with locally advanced rectal cancer. Each variable value was assigned a score and the sum of
the scores was converted into a probability in the lowest scale.
Abbreviations: ypN, pathological nodal ﬁndings [stage]; ypT, pathological tumor ﬁndings [stage].
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1.0

1-year Survival

0.4

0.6

0.8

2-year Survival
3-year Survival

0.2

Observed fraction survival probability

0.2

0.4

0.6

0.8

1.0

Nomogram predict survival probability

Figure 3 Calibration plots for external validation of the disease-free survival
prediction nomogram. The calibration curve for the disease-free survival (DFS)
nomogram revealed good calibration based on agreement between the estimated
and observed 1-year, 2-year, and 3-year outcomes. The nomogram-estimated DFS is
plotted on the X-axis and the observed tumor recurrence rate is plotted on the Yaxis. The diagonal dotted line indicates perfect calibration based on an ideal model
that perfectly reﬂects the actual outcomes. The solid line indicates the nomogram’s
performance, with close alignment of the solid and dotted lines indicating better
estimation of the actual outcomes.

0.15

therapy followed by surgical resection. This nomogram is
simpler and had similar performance to the currently available nomograms.7,10,19,20 Furthermore, based on its focus
on recurrence risk, it may be useful for identifying patients
who could be cured, especially as the results were externally validated in an independent cohort. In this context,
the 8th edition of the AJCC Cancer Staging Manual provided risk assessment models for several cancers,8 and
Valentini et al used 2011 data from European clinical
trial participants to develop nomograms that predicted
various outcomes (local recurrence, DM, and overall survival) among patients with LARC.7,9 In 2015, these models were evaluated in an independent Chinese cohort,

which revealed that they overestimated the local control
rate (vs the observed rate) in the Chinese cohort.10
Therefore, we attempted to optimize these models using
additional factors from the 8th edition of the AJCC Cancer
Staging Manual,9 which we believe is the ﬁrst attempt to
develop and validate a model for predicting DFS among
Chinese patients with LARC based on data from routine
clinical practice.
Our nomogram was successfully subjected to independent external validation, which revealed good calibration
and better discrimination in the validation cohort than in
the training cohort. Furthermore, the decision analysis
curve revealed that, when used for patients with a threshold probability of >21%, our nomogram provided clinical
beneﬁts relative to approaches that involved treating all
patients or treating no patients. Therefore, our nomogram
appears to be robust and useful for predicting 3-year DFS
among Chinese patients with LARC.
Our results revealed that, in addition to the traditional
staging system, the DFS interval in LARC cases was also
affected by preoperative therapy protocol, TRG, LVI, PNI,
preoperative CEA level, and postoperative CEA level, which
has also been demonstrated in previous studies.21–25
Furthermore, our ﬁndings indicate that surgical approach
inﬂuences the DFS interval, although previous studies failed
to detect a signiﬁcant difference in DFS or recurrence
between patients who underwent laparoscopic or open resection of rectal cancer.26,27 This might be related to differences
in the preferences of Chinese surgeons. The laparoscopic
surgery in the treatment of patients with rectal cancer was
introduced to China less than a decade ago. In some

None
All
model

0.05
-0.05

0.00

Net benefit

0.10
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Figure 4 Decision curve analysis for the 3-year disease-free survival prediction model. The Y-axis measures the net beneﬁt, which is calculated by summing the beneﬁts
(true-positive results) and subtracting the harms (false-positive results). The harms are weighted based on a factor related to the relative harm of undetected cancer versus
the harm of unnecessary treatment.
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underdeveloped areas, such as Yunnan Province, there was no
systematic training program for the novice laparoscopic surgeons. Therefore, surgeons’ experiences were gained through
the surgery practice. In order to be more experienced, some
surgeons preferred performing laparoscopic surgery in the
treatment of patients with rectal cancer without the guidance
of other senior or experienced surgeons. As a result, the
surgeons’ practice had an impact on the performance of the
radical surgery, such as the negative distal margin and total
mesorectal excision completeness, which is associated with
the long-term outcomes in LARC. We also found that most
factors (except the traditional ypT and ypN staging) were not
signiﬁcant in the multivariate models, although this might be
related to the relatively small sample size. Interestingly, we
detected differences in the clinicopathological and treatment
characteristics of our Chinese cohort (observed in routine
clinical practice) and the European pooled cohort that was
used by Valentini et al For example, our Chinese patients were
younger, were more likely to have tumors at ≤10 cm from the
anal verge, were more likely to undergo abdominoperineal
resection, had a higher proportion of ypT0 tumors, and had a
lower proportion of preoperative chemotherapy without
radiotherapy. These differences agree with the ﬁndings that
were reported by Shen et al10.
The present study also revealed some differences in the
clinicopathological and treatment features of the training
and validation cohorts. First, the training cohort had larger
proportions of patients with cT4 or cN1–2 disease than the
validation cohort. Second, the training cohort had greater
proportions of tumors at <5 cm from the anal verge, low
anterior resection, and open resection. Third, the validation
cohort had a higher proportion of preoperative plus postoperative chemotherapy, along with higher rates of ypT0
disease, ypN0 disease, and 3-year DFS. These differences
may be related to the cohorts being collected in a relatively
underdeveloped area of China (Yunnan Province) and a
relatively developed area of China (Guangdong Province).
Nevertheless, these differences did not affect the performance of our nomogram in the validation cohort, which
indicates that our nomogram was robust and generalizable
when applied to new conditions.
This study has two major limitations. First, the sample
size was relatively small compared to the number of predictors, and 273 patients were excluded from the initial
population because of the restrictive inclusion criteria,
although this resulted in a relatively homogeneous population with ≥3 years of follow-up data. Second, we did not
consider the prognostic implications of genetic alterations
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(eg, MSI, KRAS, NRAS, and BRAF mutations), which is
because these variables had >10% missing values and
were not eligible for the imputation approach.

Conclusion
In conclusion, we developed and validated a nomogram to
predict 3-year DFS among Chinese patients with LARC.
This nomogram may help build on the traditional staging
system and allow clinicians to perform personalized prediction of DFS among Chinese patients with LARC.
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Table S1 Clinicopathological characteristics of patients with LARC in the training cohort and validation cohort
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Characteristic

Training cohort
(n=118)n(%)

Validation cohort
(n=110)n(%)

Male

71 (60.2)

80 (72.7)

Female

47 (39.8)

30 (27.3)

≤49
50–59

38 (32.2)
37 (31.4)

38 (34.5)
29 (26.4)

P

Clinical diagnosis
Gender

0.051

Age

0.861

60–69

32 (27.1)

33 (30.0)

≥70

11 (9.3)

10 (9.1)

Low
Mid

82 (69.5)
29 (24.6)

33 (30.0)
65 (59.1)

High

7 (5.9)

12 (10.9)

3

63 (53.4)

85 (77.3)

4

55 (46.4)

25 (22.7)

0
1–2

50 (42.4)
68 (57.6)

20 (18.2)
90 (81.8)

Radiochemotherapy
Chemotherapy

98 (83.1)
7 (5.9)

61 (55.5)
49 (44.5)

13(11.0)

0(0.00)

Yes
No

98 (83.1)
20 (16.9)

108 (98.2)
2 (1.8)

LAR

63 (53.4)

7 (6.4)

APR

55 (46.6)

103 (93.6)

LR

11 (9.3)

101 (91.8)

OR

107 (90.7)

9 (8.2)

0
1–2

13 (11.0)
27 (22.9)

24 (21.8)
26 (23.6)

Tumor location

<0.001

cT stage

<0.001

cN stage
<0.001

Treatment
Preoperative therapy

<0.001

Radiotherapy
Adjuvant chemotherapy

<0.001

Surgical procedure

<0.001

Surgical approach

<0.001

Pathology
ypT stage

0.002

3

68 (57.6)

60 (54.5)

4

10 (8.5)

0 (0.00)

(Continued)
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Table S1 (Continued).
Characteristic

Training cohort
(n=118)n(%)

Validation cohort
(n=110)n(%)

0

65 (55.1)

86 (78.2)

1–2

53 (44.9)

24 (21.8)

Yes

8 (72.1)

—

No

103 (27.9)

—

G0

13 (11.0)

24 (21.8)

G1
G2

9 (7.6)
43 (36.4)

25 (22.7)
48 (43.6)

G3

53 (44.9)

13 (11.9)

Yes

19 (19.8)

5 (4.8)

No

77 (80.2)

100 (95.2)

Yes
No

7 (7.2)
90 (92.8)

7 (6.7)
98 (93.3)

Normal (≤5 ng/ml)
Elevated (>5 ng/ml)

49 (42.6)
66 (57.4)

54 (49.1)
56 (50.9)

Normal (≤5 ng/ml)

64 (54.2)

58 (52.7)

Elevated (>5 ng/ml)

54 (45.8)

52 (47.3)

Normal (≤5 ng/ml)

91 (82.7)

102 (92.7)

Elevated (>5 ng/ml)

19 (17.3)

8 (7.3)

45.5 (39.9–53.0)

48.6 (43.5–53.1)
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ypN stage

<0.001

—

TD

TRG

<0.001

LVI

0.001

PNI

0.878

CEA
Pretreatment level

0.329

Preoperative level

0.819

Postoperative level

Follow-up (months)

0.024

<0.001

Note: data are median (IQR) or n (%).
Abbreviations: APR, abdominoperineal resection; CEA, carcinoembryonic antigen; cN, clinical nodal [stage]; cT, clinical tumor [stage]; LAR, low anterior resection; LR,
laparoscopic resection; LVI, lymphovascular invasion; OR, open resection; PNI, perineural invasion; TD, tumor deposit; TRG, tumor regression grade; ypN, nodal stage; ypT,
tumor stage.
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Figure S1 The smoothed curves of the hazard function for each cohort.
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