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Competing risk nomogram to predict cancer-specific
survival in esophageal cancer during the intensity-modulated
radiation therapy era: A single institute analysis
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Abstract. The present study aimed to investigate the
probability of cancer-associated mortality of patients
with esophageal cancer undergoing intensity-modulated
radiation therapy (IMRT), and to establish a competing
risk nomogram to predict the esophageal cancer-specific
survival (EC-SS) of these patients. A total of 213 patients
with EC who underwent IMRT between January 2014
and May 2017 were selected to establish nomograms
according to Fine and Gray's competing risk analysis.
Predictive accuracy and discriminative ability of the model
were determined using the concordance index (C-index),
calibration curves and the area under receiver operating
characteristic curves. Decision tree analysis was also
constructed for patient grouping. With a median follow-up
of 19 months (range, 3-50), the 2-year EC-specific mortality
(EC-SM) and the non-esophageal cancer specific mortality
(NEC-SM) of the cohort were 35.4 and 3.51%, respectively.
Furthermore, an elevated 2-year EC-SM was observed in
patients with tumor length =4.5 cm compared with patients
with tumor length <4.5 cm (45.8% vs. 21.4%; P<0.001),
patients with non-squamous cell carcinoma compared with
patients with squamous cell carcinoma (49.9 vs. 33.7%;
P=0.025) and patients with N3 stage (43.2%; P=0.005).
The 2-year NEC-SM of patients with tumor length =4.5 cm
was 6% vs. 0% in patients with tumor length <4.5 cm
(P=0.016). Three independent risk factors for survival,
including tumor length, histological type and N stage, were
integrated to build competing nomograms for the EC-SS
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model (C-index=0.72; 95% confidence interval, 0.66-0.77).
In addition, the nomograms displayed better discrimination
power than the 7th edition of the Tumor-Node-Metastasis
staging system for predicting EC-SS (area under the
curve=0.707 vs. 0.634). Furthermore, the results from the
classification tree analysis demonstrated that N stage was
the initial node and that primary tumor length was a deter-
minant for EC-SM in these patients. In conclusion, NEC-SM
represented a competing event for patients with EC with
a tumor length =4.5 cm. The competing risk nomograms
may therefore be considered as convenient individualized
predictive tools for cancer-specific survival in patients with
EC undergoing IMRT treatment.

Introduction

Esophageal cancer (EC) was the 7th most diagnosed malig-
nant tumor (572,000 new cases) and the 6th leading cause
of cancer-associated mortality (509,000 mortality cases)
worldwide in 2018 (1). The incidence of EC varies consider-
ably among geographical regions and sexes. EC mostly occurs
in men (~70% of all cases), and there is a 2-3-fold difference
in the incidence and mortality rates between regions world-
wide (2). In the latest report from 2017, EC ranked the 6th
most common type of cancer diagnosed and the 4th leading
cause of cancer-associated mortality in China (3,4). At
present, esophagectomy is considered as the standard treat-
ment for patients with resectable EC (5). However, ~50% of
patients present with locally advanced disease at the time of
diagnosis (6). Definitive radiation therapy with or without
concurrent chemotherapy has been recommended as the
optimal treatment for patients who are medically inoperable
or have locally advanced disease (7). Intensity-modulated
radiotherapy (IMRT) has been widely used for the treatment
of EC, because it can provide excellent dose coverage and
conformity to the target volume while minimizing excessive
dose to healthy tissues, compared with 3D conformal radio-
therapy (8). In addition, the number of elderly patients with
EC has grown in the last decades due to the increasing life
expectancy and population aging. Elderly patients with EC are
more vulnerable to experience competing events, including
non-cancer-associated mortality (9). It is therefore crucial to
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clearly evaluate the risk factors for cancer-specific survival in
patients with EC receiving IMRT.

Cancer patients are frequently exposed to >2 events
different from the one of interest and are identified as
competing risk events (10). In the presence of competing
risks, conventional survival analysis may be inappropriate
as this type of analysis considers competing events as
censored events, which might overestimate the incidence of
cancer-associated mortality (11,12). Recently, competing risk
analysis has been widely used in cancer research as it takes
into account the informative nature of censoring and may
more effectively discriminate the effects of risk factors on
specific events (13,14). A nomogram is a statistical model that
generates individualized risk prediction by combining risk
factors (15). Competing risk nomograms have been recently
developed for various types of cancer, including renal cell
carcinoma (16), nasopharyngeal carcinoma (17), breast
cancer (18), thyroid cancer (19) and lung cancer (14).
However, to the best of our knowledge, a competing risk
nomogram for EC following IMRT is still lacking. The
present study therefore performed a competing risk analysis
based on a cohort of patients with EC undergoing IMRT.
Subsequently, competing nomograms were established to
provide clinicians with a quantitative tool that can be used
to evaluate the probability of EC-specific mortality (EC-SM)
and non-esophageal cancer specific mortality (NEC-SM) in
order to better stratify the risk and make the best clinical
decision.

Materials and methods

Study population. The medical records of patients with
EC who underwent IMRT at the Shanghai Rui Jin Hospital
Affiliated to Shanghai Jiao Tong University School of
Medicine between January 2014 and May 2017 were recov-
ered. The inclusion criteria were as follows: i) Diagnosis
of EC was confirmed independently by two pathologists
through hematoxylin and eosin staining in a retrospec-
tive review; ii) complete medical records containing the
clinicopathological characteristics of the patients were
available; iii) no history of previous or concurrent malig-
nancy; and iv) follow-up period of >3 months following
IMRT. A total of 213 patients with EC undergoing IMRT
in the Department of Radiation Oncology of Rui Jin
Hospital Affiliated Medicine School of Shanghai Jiao Tong
University were subsequently identified and included in
the present study. All patients received standard IMRT of
50.4 Gy (28 fractions, 1.8 Gy per fraction, in 5.6 weeks) as
the primary treatment. When possible, salvage treatments,
including surgery and re-irradiation, were provided for
patients with relapsed or persistent disease. The present
study was approved by the Institutional Review Board
at Shanghai Rui Jin Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine. As the present study
was retrospective in nature, the requirement for written
informed consent from the patients was waived.

Clinical variables and definitions. Clinicopathological
characteristics of patients included sex, age at diagnosis, date
of diagnosis, tumor site, performance status, tumor length,
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Table I. Clinicopathological characteristics of the 213 patients
with esophageal cancer.

Clinical feature Patient number (n=213) (%)

Sex, n (%)

Male 183 (85.9)

Female 30 (14.1)
Age (years), median (range) 63 (41-87)
Histological type, n (%)

SCC 191(89.7)

Non-SCC 22 (10.3)
Performance status, n (%)

0 82 (38.5)

1-2 131 (61.5)
Tumor location, n (%)

Cervical 7@3.3)

Thoracic 131 (61.5)

Abdominal 75 (35.2)
Tumor length (cm), median 5(1-16)
(range)
Grade, n (%)

Well 17 (8.0)

Moderate 107 (50.2)

Poor/undifferentiated 89 (41.8)
T stage, n (%)

Tl 8 (3.8)

T2 25 (11.7)

T3 135 (63.4)

T4 45 (21.1)
N stage, n (%)

NO 39 (18.3)

N1 63 (29.6)

N2 60 (28.2)

N3 51 (23.9)
M stage, n (%)

Yes 25 (11.7)

No 188 (88.3)
AJCC stage, n (%)

1 8(3.8)

1I 41 (19.2)

III 86 (40.4)

v 78 (36.6)
Concurrent chemoradiotherapy

Yes 172 (80.8)

No 41 (19.2)
Radical surgery

Yes 104 (51.2)

No 109 (48.8)

AJCC, American Joint Committee on Cancer; SCC, squamous cell
carcinoma; T, tumor; N, node; M, metastasis.

grade, pathological diagnosis, tumor stage at the time of
diagnosis, concurrent chemoradiotherapy, primary tumor
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Figure 1. Cut-off optimization for tumor length associated with survival in the esophageal cancer data. (A) Tumor length in the 213 cases of esophageal
cancer. The red vertical line designated the optimal cut-off derived from the survival-based model. (B) The HR, including 95% CI, was plotted according to
the cut-off. The vertical line designated the dichotomization showing the most significant association with OS. (C) Different OS according to tumor length.
(D) Difference in the mean OS according to tumor length. The red vertical line designated the dichotomization showing the most significant association with

OS. CI, confidence interval; HR, hazard ratio; OS, overall survival.

(T) stage, regional lymph nodes (N) stage, distant metastasis
(M) stage and surgery. All tumors were staged according to
the Tumor-Node-Metastasis (TNM) staging system of the
American Joint Committee on Cancer (AJCC, 7th edition,
2009) (20). Furthermore, the cut-off value of tumor length
affecting patient survival was determined using the Cut-off
Finder application version 1.0 (http://molpath.charite.
de/cutoff/) (21).

The primary endpoints of the present study were
EC-SM and NEC-SM. EC-SM was defined as the mortality
resulting from recurrent, metastatic or residual EC. Patients
who exhibited EC progression at the last follow-up and
patients who died from EC without a documented specific
reason were included in the EC-specific group. NEC-SM
was defined as the mortality resulting from specific causes
other than EC, including death without a documented
specific reason within 6 months of the last follow-up in
the absence of EC relapse. The data from the surviving
patients and from patients lost to follow-up were treated as
censored data.

Patient follow-up. After IMRT treatment, all patients were
followed at 3-month intervals for 2 years, at 6-month intervals
for the next 3 years, and annually thereafter. The date of the
last follow-up was July 2018. The last follow-up was mainly
made by telephone calls. Recurrence was determined by clin-
ical and radiological examination or histological confirmation.
The main pattern of recurrence was recorded as the first site of
detectable treatment failure during the follow-up period. The
research endpoint corresponded to the overall survival (OS),
which was calculated from the time of the diagnosis of EC
until death from all causes or until the end of the follow-up
period.

Statistical analysis. Clinicopathological characteristics
were summarized using descriptive statistics. Patients were
divided into two groups according to their age (<60 and
=65 years). EC-SM and NEC-SM were considered as two
competing events, and the associations between pretreat-
ment variables and the risk of EC-SM were evaluated using
Fine and Gray's competing risk regression analysis (17). The
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Figure 2. Cumulative incidence curves of deaths (A) in the entire cohort of patients with esophageal cancer and according to (B) tumor length, (C) histological
type and (D) N stage. The 2-year cumulative incidences of each competing event were presented and the differences among the groups were estimated
using Gray's test. The red line represented the cancer-specific mortality and the black line represented the competing mortality. CI, confidence interval;

CID, cumulative incidence of death; SCC, squamous cell carcinoma.

cumulative incidence function (CIF) was used to determine
the probability of each event, and the differences between
the groups were estimated using Gray's test. Predictors with
a P<0.05 in the univariate analysis were used for multivar-
iate analysis based on proportional sub-distribution hazard
models (22). A nomogram predicting EC-specific survival
(EC-SS) was constructed for patients with EC based on
the identified independent risk factors. Nomograms were
created using the nomogram function of the ‘rms’ package
in R software (Mathsoft; version 3.6.1), the prediction
performance was assessed using Harrell's concordance
index (C-index) (23) and calibration curves were obtained by
plotting the observed rates against the nomogram-predicted
probabilities via a Bootstrap method with 1,000 resa-
mples (17). The package ‘partykit’ in R was used to
generate a decision tree (http://cran.salud.gob.sv/web/pack-
ages/partykit/vignettes/ctree.pdf). Overall survival was
estimated using Kaplan-Meier method. Comparison between
risk groups was performed by using log-rank test. Statistical
analysis was performed using SPSS software (version 16.0;

SPSS Inc.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Baseline characteristics. The clinicopathological characteris-
tics of the 213 patients with EC included in the present study
are summarized in Table I. The median age at diagnosis was
63 years (range, 41-87 years). There were 183 men (85.9%)
and 30 women (14.1%; male-to-female ratio, 6.1:1). The
tumor histological types included squamous cell carcinoma
(89.7%) and adenocarcinoma (8%) and other histological types
(2.3%). The tumor locations were thoracic (61.5%), abdominal
(35.2%) and cervical (3.3%). Concurrent chemoradiotherapy
was administered to 172 patients (80.8%), whereas 42 patients
(19.2%) were treated with IMRT alone due to advanced disease,
comorbidities or patient requests. A total of 104 patients
(51.2%) received radical esophagectomy. The median length of
the follow up was 19 months. In addition, 25 patients (11.7%)
presented with distant metastasis at initial diagnosis (Table I).
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Table II. Univariate and multivariate competing risk analyses of patient clinicopathological characteristics for the determination
of esophageal cancer specific mortality.

Univariate analysis Multivariate analysis

Variable SHR 95% CI P-value SHR 95% ClI P-value
Sex

Male 1 -

Female 0.68 0.34-1.37 0.29 - - -
Age, years

<60 1 -

=60 0.84 0.54-1.33 0.47 - - -
Performance status

0 1 1

1-2 1.66 1.04-2.65 0.035 1.46 0.85-2.52 0.17
Tumor location

Cervical 1 -

Thoracic/abdominal 091 0.58-1.42 0.67 - - -
Histological types

SCC 1 1

Non-SCC 2.03 1.06-3.91 0.034 2.71 1.48-4.93 0.001
Grade

High 1 1

Moderate/poor 1.44 1.01-2.08 0.046 1.14 0.75-1.74 0.61
Surgery

No 1 1

Yes 0.62 0.40-0.96 0.033 1.52 0.85-2.72 0.15
Tumor length, cm

<4.5 1 1

>4.5 243 1.48-3.99 <0.001 1.80 1.03-3.16 0.04
T stage

T1 1 1

T2 1.92 0.23-16.29 0.55 142 0.16-12.49 0.75

T3 3.39 0.45-25.49 0.24 2.04 0.26-16.27 0.50

T4 10.82 1.40-83.58 0.022 5.37 0.59-49.29 0.14
N stage

NO 1 1

N1 1.51 0.71-3.24 0.284 141 0.63-3.13 041

N2 2.26 1.08-4.73 0.030 1.71 0.76-3.82 0.19

N3 3.31 1.54-7.09 0.02 2.52 1.07-591 0.034
Metastasis

No 1 1

Yes 2.12 1.08-4.13 0.028 141 0.66-3.00 0.37
Concurrent chemotherapy

Yes 1 - - -

No 1.20 0.68-2.12 0.52 - - -
C-index (95% CI) - - - - 0.72 (0.66-0.77) -

CI, confidence interval; SHR, sub-distribution hazard ratio; SCC, squamous cell carcinoma; N, node; T, tumor.

A total of 23 patients (10.8%) were lost to follow-up. In 65 (91.5%) as a result of EC-SM and 6 (8.5%) as a result of
addition, 71 patients (33.3%) died during follow-up, including = NEC-SM. Among the 6 NEC-SM patients, the most common
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Figure 3. Competing risk nomograms for predicting the 2-year probabilities of esophageal cancer-specific survival. Total point values were independently
calculated for each cause of death and then applied to the corresponding probability scale at the bottom of each figure. N, lymph node stage; SCC, squamous

cell carcinoma; N, lymph node stage.

causes were treatment-associated complications (hemorrhage
and pneumonia, 2 patients each; 66.7% account for NEC-SM)
and cardiovascular and respiratory diseases (one patient each,
respectively; 33.3% account for NEC-SM).

Survival outcomes of patients with EC following IMRT. The
results of the cut-off point determination for primary tumor
size indicated that 4.5 cm was the optimal point, which was
supported by multiple methods of Cut-off Finder, including
frequency (Fig. 1A), hazard ratio (Fig. 1B), difference in mean
OS (Fig. 1C) and survival proportion (Fig. 1D). Furthermore,
in patients with EC, the 2-year EC-SM and NEC-SM were
35.4 and 3.51%, respectively (Fig. 2A). However, elevated
2-year EC-SM was observed in patients with tumor length
>4.5 cm compared with patients with tumors length <4.5 cm
(45.8 vs. 21.4%; P<0.001; Fig. 2B), in patients with non-squa-
mous cell carcinoma compared with patients with squamous
cell carcinoma (49.9 vs. 33.7%; P=0.025; Fig. 2C), and in
patients with N3 stage in comparison with non-N3 stage
(43.2%; P=0.005; Fig. 2D). The 2-year NEC-SM in patients
with tumor length =4.5 cm was 6% (vs. 0% in <4.5 cm group;
P=0.016).

Risk factors for EC-SM. The results from univariate competing
risk regression analysis demonstrated that performance status
[sub-distribution hazard ratio (SHR)=1.66; 95% confidence
interval (CI), 1.04-2.65; P=0.035, histological types SHR=2.03;
95% CI, 1.06-3.91; P=0.034], tumor grade (SHR=1.44; 95% CI,
1.01-2.08; P=0.046), surgery (SHR=0.62; 95% CI, 0.40-0.96;
P=0.033), T4 stage (SHR=10.82; 95% CI, 1.40-83.59; P=0.022),
N2/3 stage (SHR=2.26; 95% CI, 1.08-4.73; P=0.03 and
SHR=3.31; 95% ClI, 1.54-7.09; P=0.02) and metastasis status
(SHR=2.12; 95% CI, 1.08-4.13; P=0.028) were significantly
associated with EC-SM (Table II). Multivariate analysis vali-
dated that tumor length >4.5 cm (SHR=1.80; 95% CI, 1.03-3.16;

Kaplan-Meier survival estimates

B ~

— P<0.001
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Survival
0.50
1

0 10 20 30 40 50
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— = = high risk group

Figure 4. Esophageal cancer specific survival curves stratified according to
the risk levels of the nomogram-predicted survival probabilities.

P=0.04), non-SCC (SHR=2.71; 95% CI, 1.48-4.93; P=0.001)
and N3 stage (SHR=2.52; 95% CI, 1.07-5.91; P=0.034) were
independent predictors for EC-SM (Table II).

Construction and validation of nomograms for EC-SS. All
validated factors, including tumor length, histological type
and N stage, were integrated into the competing nomograms
in the EC-SS model (C-index=0.72; 95% CI, 0.66-0.77;
Fig. 3). The calibration plots for the probabilities of 2-year
EC-SS demonstrated reasonable concordance between the
nomogram-predicted survival rates and the actual survival
rates in the training sets (Fig. S1). In addition, the nomo-
grams exhibited improved discrimination power compared
with the 7th edition of TNM staging system of AJCC for
predicting EC-SS (area under the curve=0.707 vs. 0.634;
Fig. S2).
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Figure 5. Decision tree for overall survival of patients with esophageal cancer. N stage was the initial node followed by tumor length. 1, initial node for

survival. 2, second node for survival. N, lymph node stage.

Comparison of prognosis based on risk stratification. Each
risk variable, including primary tumor size, N stage and histo-
logical type, were assigned values according to the nomogram
for EC-SM (derived from the competing risk model). The
total score was obtained by adding the individual scores of all
significant parameters. Subsequently, three risk stratifications
were defined as follows: Low risk (total score <100), medium
risk (>100 total score <200) and high risk (total score >200).
The results of the prognosis according to the risk stratification
were as follows: 131 cases with low risk, 75 cases with medium
risk and 7 cases with high risk. In addition, significant differ-
ences in OS (P<0.001) and EC-SM (P<0.001) were observed in
the three risk groups (Fig. 4).

Classification tree for the factors associated with EC-SM. The
classification tree analysis method was used to determine the
factors associated with EC-SM following IMRT. The results
of the pruned tree presented in Fig. 5 demonstrated that
N stage was the initial node and that tumor length was also a
determinant for EC-SM of these patients.

Discussion

In the present study, the 2-year EC-SM was 35.4%, the median
length of the follow up was 19 months, and 3.5% of patients
died from causes other than EC. Since competing causes of
mortality might have an impact on the prognosis of patients
with EC, it is important to consider these competing risks
when evaluating the prognosis in order to determine the best
treatment option. To the best of our knowledge, the present
study was the first to develop competing risk nomograms

based on the proportional sub-distribution hazard method to
predict EC-SM by using a cohort of patients with EC. The
AJCC system, which depends on TNM staging, is the strongest
clinical tool for the prognosis prediction of patients with EC.
However, T classification represents the invasion depth of the
tumor, which is different from the tumor length (24). Previous
studies have reported existence of a link between tumor length
and outcome in patients with EC (25-30). Similarly, the present
study demonstrated that tumor length was an important prog-
nostic factor for the EC-SM of patients who underwent IMRT.
Furthermore, although most studies supported that tumor
length is an important prognostic factor for EC, no consensus
was achieved on the tumor size cut-off value, which ranges
from 2 to 5 cm (31-33). The results from the present study
demonstrated that elevated 2-year EC-SM was observed in
patients with tumor length =4.5 cm (45.8% vs. <4.5 cm group:
21.4%; P<0.001). The N stage reflects regional lymph node
metastasis, and previous studies reported that N stage is an
important factor influencing the prognosis of patients with
EC (23-25,34-36). Similarly, the present study demonstrated
that the N3 stage was the strongest independent predictor for
EC-SM, supporting the prognostic significance of the AJCC
staging system in EC.

Esophageal SCC and esophageal non-SCC have distinct
clinicopathological characteristics. The effects of the tumor
histological type on the outcome of patients with EC were
therefore investigated in the present study. The results demon-
strated that the 2-year ES-SM in patients with non-SCC was
significantly higher than in patients with SCC. This may be
due to the fact that SCC tends to be more radiosensitive than
non-SCC, particularly adenocarcinoma (37).
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The prognostic factors identified in the present study
were integrated to develop nomograms that could predict
the 2-year EC-SS of patients with EC. These nomograms
displayed better discrimination power than the TNM staging
system for predicting the EC-SS of patients with EC who
received IMRT. Therefore, the nomograms developed in
the present study may be used by radiation oncologists to
precisely predict the individual patient's survival probability
at specific time intervals.

The present study had some limitations. Firstly, only
data of patients from one institution were included, which
might limit the applicability of the nomogram. Secondly,
the sample size was relatively small. Thirdly, the study was
a retrospective study, and inherent bias could therefore not
be excluded. Furthermore, different treatment strategies,
including surgery and chemotherapy, may also affect the
prognosis of patients with EC receiving IMRT. Finally, the
results obtained in the present study were not externally vali-
dated. External validation is therefore required to determine
whether the nomograms could be applied to other patient
groups. Further evaluation in prospective multi-institute
trials is therefore warranted.

In conclusion, the present study revealed that NEC-SM may
represent a significant competing event for patients with EC
and primary tumor length >4.5 cm. Furthermore, to the best of
our knowledge, the present study was the first to establish the
first competing risk nomogram for EC that could be used to
predict the probability of 2-year EC-SS. This nomogram may
be considered as a convenient individualized predictive tool
for determining the cancer-specific survival in patients with
EC receiving IMRT.
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