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Background: The aim of this population-based study was to perform competing risk analysis and estimate 
cancer- and other cause-specific mortality in patients who underwent oesophagectomy with pT1N0M0 
oesophageal cancer (EC). A competing risks nomogram was also developed to predict the proportional of 
death from each specific cause.
Methods: A total of 1,144 patients who received oesophagectomy for pT1N0M0 EC between 2010 and 
2015 from SEER database were included. The cumulative incidence function was used to evaluate each cause 
of death, and the significant difference was assessed by the Grey’s test. A nomogram was established using 
the proportional subdistribution hazard analysis to identify predictors for each cause-specific death.
Results: The 5-year cumulative incidence of cancer-specific death for surgically resected pT1N0M0 EC 
was 15.7%, and the incidence was 11.2% for other cause-specific death. Age, tumour length, pT1 substage, 
grade, history and primary site were identified as predictive factors for EC-specific death, but only age, 
tumor length and pT1 substage were associated with death from other cause. Our nomograms showed a 
relative good discriminative ability, with c-index of 0.663 for the EC-specific mortality model and 0.699 
for the other cause-specific mortality model. The calibration curves showed a good match between the 
nomogram-predicted probabilities and the actual probabilities.
Conclusions: In patients who underwent curative-intent resection for pT1N0M0 EC, death from 
other causes was an important competing event. During clinical decision making and patient-clinician 
communication, our quantifiable nomograms could provide a rapid and precise judgement of the risk of 
death from each cause.
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Introduction

Oesophageal cancer (EC) is predicted to be the seventh 
most commonly diagnosed cancer (an estimated 572,034 
new cases) and the sixth leading cause of cancer-related 
death (an estimated 508,585 deaths) worldwide in 2018 (1).  
Only 5.0–11.1% of all patients with EC live five years 
or more after confirmed diagnosis, and even for patients 
with superficial EC (T1, located in mucosa or submucosa), 
almost 10.0–30.0% of this population will experience 
EC-related death within five years of surgery (1-5). 
Accordingly, the development of predictive models to 
precisely distinguish patients with unfavourable outcomes 
is critical to improving the survival rate of patients with 
early-stage EC, thereby increasing the overall survival 
rate of all EC patients. In addition, adequate and 
precise knowledge of prognostic outcomes can provide 
valuable information for aiding in decision making 
for multidisciplinary treatments, such as endoscopic 
treatment, postoperative adjuvant therapy, and intensive 
follow-up (3-5).

In addition, like with other malignancies, EC carries 
quite a high risk of competing cancer- and non-cancer-
related deaths because almost 76.2% of patients with EC 
are over 60 years old, and nearly 50% of these patients 
are over 75 years old and have associated previous basic 
illness, such as cardiovascular and cerebrovascular diseases, 
respiratory diseases and metabolic diseases (6,7). Hence, 
the incidence of competing events increases with age, such 
as death from non-cancer diseases. Although many previous 
studies have explored prognostic factors for patients with 
early-stage EC using univariate and multivariate overall 
survival analyses, these competing risks have not been 
considered, which may make these independent prognostic 
factors untrustworthy (3,8-10). Indeed, for individualized 
cancer treatments, visualization of both cancer and non-
cancer events contributing to the risk of death, based on 
competing risk models, is necessary (11,12). However, 
to date, a cause-specific analysis with an assessment of 
competing risks for surgically resected early-stage EC has 
not been reported.

Therefore, the aim of this study was to construct 
competing risk models and nomograms to evaluate 
cancer- and other cause-specific mortality in patients 
who underwent resection for pT1N0M0 EC by using the 
National Cancer Institute’s Surveillance, Epidemiology, and 
End Results (SEER) database.

Methods

Study cohort

The study cohort for this research was downloaded from 
the SEER public-access database, which was released in 
June 3, 2018, using SEER*Stat (version 8.3.5) (13). First, 
all patients who were diagnosed with a primary site of 
oesophagus from 2010 to 2015, which was the period of 
adoption of the American Joint Committee on Cancer 
(AJCC) 7th edition TNM staging manual, were identified 
with the international classification of diseases for oncology, 
3rd edition (ICD-O-3) site code (C15.0-C15.9), but no 
morphology code was limited (codes 8010-8015, 8020-
8022, 8030-8035, 8041-8043, 8050-8089, 8140-8147, 8160-
8162, 8170-8175, 8180-8231, 8250-8507, 8514-8551, 
8571-8574, 8576, 8940-8982). However, only patients with 
pathological T0-1 and N0 and clinical M0 stage undergoing 
oesophagectomy were enrolled in this study. In addition, 
patients who received induction therapy, had other primary 
cancer(s) diagnosed after or before EC, were <18 years of 
age at diagnosis, with less than 3 months of survival, or 
with incomplete survival information (including follow-up 
months and cause of death) were excluded from this study. 
Finally, 1,144 patients with complete demographics, follow-
up information, and clinicopathological data, including age, 
sex, race, year of diagnosis, insurance status, marital status, 
tumour length, pT subcategories, grade, histology, primary 
site, and regional nodes examination, were incorporated 
into our study (Figure 1).

To evaluate the difference in mortality rates between 
different groups, these continuous variables—age, year 
of diagnosis and tumor length (cm)—were divided into 
categorical variable. Patients were divided into four age 
brackets (<50, 50–59, 60–69, >70 years) depended on age 
interval of 10 years. Tumour length (cm) was separated into 
three groups (<1, 1–5, ≥5 cm), and the cut-off values were 
determined by X-Tile software version 3.6.1 (Copyright 
Yale University 2003). Year of diagnosis was classified 
equally into three groups according to calendar year (2010–
2011, 2012–2013, 2014–2015).

End points and competing risks

Cancer-specific mortality was defined as death due to EC, 
while death due to all non-cancer events was classified as 
other cause-specific mortality. Overall mortality included 
all deaths from cancer and non-cancer causes. However, in 
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fact, only one end point can be recorded during the follow-
up period. Therefore, cancer and non-cancer causes were 
regarded as two competing risk factors contributing to 
death.

Statistical analysis

The cumulative incidence rates of deaths for different 
competing events were calculated by competing risk 
analyses to show the cancer and non-cancer specific death 
probability, and only patients still alive at the date of last 
follow-up were documented as censored. In addition, the 
potential associations between these available perioperative 
variables from the SEER database and the risk of death from 
each cause were tested by using Fine and Grey’s regression 
analysis. These variables, if they were significant (P<0.05) in 
any univariate analysis group (cancer-specific death, death 
from other causes, and overall death), were retained in the 
multivariate regression analysis. All competing risk analyses 
were performed by using the R package cmprsk in R version 
3.5.1 software (R Foundation for Statistical Computing, 
Vienna, Austria, http://www.r-project.org/).

To provide the oncologist with a quantifiable tool to 
predict the proportional subdistribution hazard of each 
cause-specific death for each patient with surgically 
resected early-stage (pT1N0M0) EC, competing risk 
nomograms were built based on the above multivariate 
regression analysis using R package rms. The discrimination 

performance of our competing risks nomograms was 
evaluated by bootstrapping validation with 200 resamples, 
and Harrell’s C-index was used to quantify the concordance 
between the predicted and observed probability of cause-
specific death, which was achieved by the R package pec.

A two-sided P value less than 0.05 was regarded as a 
significant difference in all statistical tests.

Results

Patient characteristics

According to the above inclusion and exclusion criteria, a total 
of 1,144 patients (median age: 68 years, range: 30–87 years)  
diagnosed with pathological T1N0M0 EC from 2010 to 
2015 in the National Cancer Institute’s SEER database were 
retained in the final analysis. The perioperative baseline 
characteristics of these patients are summarized in Table 1.  
Of these patients, the majority were elderly (≥60 years, 
835/1,144, 73%), male (945/1,144, 82.6%), White race 
(1,042/1,144, 91.1%), and married (707/1,144, 61.8%). 
The lower third of the oesophagus was the most common 
site of primary EC (832/1,144, 72.8%) in patients who 
underwent oesophagectomy, followed by the middle third 
(124/1,144, 10.8%). However, other sites of primary EC 
recorded in the database, such as the upper third of the 
oesophagus, overlapping lesions of the oesophagus, etc., 
were only present in dozens of patients (the proportion 
was all less than 5%). In addition, 97.3% of patients 

Surveillance, Epidemiology, and End Results (SEER)*Stat Software (version 8.3.5)
released on June 3, 2018

Inclusion criteria:
Year of diagnosis: 2010–2015

International Classification of Disease for Oncology, third edition (ICD-O3) site code: Esophagus;
T stage according to 7th edition of American Joint Committee on Cancer (AJCC) staging system: T0–1;

N and M stage according to 7th edition of AJCC staging system: N0 and M0.
(N=3454)

Surgery not performed: N=1110

Multiple primary tumors: N=722
With induction therapy: N=478

N=2344

Final study cohort: N=1144

Figure 1 Screening diagram of the 1,144 patients from the SEER database who underwent oesophagectomy for pT1N0M0 oesophageal 
cancer between 2010 and 2015. SEER, Surveillance, Epidemiology, and End Results.
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Table 1 The 5-year cumulative incidence and univariate analysis of each cause of death among patients who underwent oesophagectomy for 
pT1N0M0 oesophageal cancer

Variables No. (%)

Oesophageal cancer-specific 
death

Other cause-specific death Overall death

5-year cumulative 
probability (%)

P value*
5-year cumulative 

probability (%)
P value*

5-year cumulative 
probability (%)

P value*

Total – 15.7 – 11.2 – 25.4 –

Age (years) 0.008 <0.001 <0.001

<50 64 (5.6) 9.2 1.6 10.6

50–59 245 (21.4) 21.6 8.7 29.2

60–69 461 (40.3) 12.6 5.3 17.2

>70 374 (32.7) 17 23.2 36.5

Sex 0.186 0.434 0.481

Female 199 (17.4) 22.2 7.3 28.7

Male 945 (82.6) 14.3 11.9 24.7

Race 0.289 0.490 0.211

White 1,042 (91.1) 15.1 11.2 25.0

Black 55 (4.8) 28.3 16.7 40.3

Other 47 (4.1) 13.3 2.5 15.5

Year of diagnosis 0.226 0.799 0.534

2010–2011 349 (30.5) 16.9 10.5 26.2

2012–2013 403 (35.2) 15.5 8.2 22.4

2014–2015 392 (34.3) 4.3 7.4 11.4

Insurance status 0.006 0.577 0.146

Uninsured 38 (3.3) 16.2 22.0 34.6

Insured 1,014 (88.6) 14.4 11.2 24.3

Any Medicaid 92 (8.1) 28.2 5.8 32.4

Marital status 0.067 0.927 0.358

Married 707 (61.8) 14.0 11.4 24.3

Divorced 121 (10.6) 12.7 7.7 19.4

Widowed 64 (5.6) 36.2 10.0 42.6

Never married 171 (14.9) 18.2 12.4 28.4

Unknown 81 (7.1) 13.1 14.3 25.5

Tumour length (cm) <0.001 0.021 <0.001

<1 200 (17.5) 24.5 18.6 38.5

1–5 828 (72.4) 10.0 9.4 18.8

≥5 116 (10.1) 42.2 14.9 50.8

Table 1 (continued)
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Table 1 (continued)

Variables No. (%)

Oesophageal cancer-specific 
death

Other cause-specific death Overall death

5-year cumulative 
probability (%)

P value*
5-year cumulative 

probability (%)
P value*

5-year cumulative 
probability (%)

P value*

T stage <0.001 0.006 <0.001

T1a 650 (56.8) 9.7 9.4 18.5

T1b 339 (29.6) 19.6 17.1 33.8

T1, non-specific 154 (13.5) 31.0 5.0 34.4

Grade <0.001 0.698 0.025

Well, I 185 (16.3) 12.2 16.1 26.4

Moderately, II 450 (39.3) 13.3 11.5 23.7

Poorly, III 209 (18.3) 22.9 11.8 32.6

Undifferentiated, IV 13 (1.1) 75.0 0.0 75.0

Unknown 286 (25.0) 12.9 7.7 19.6

Histology <0.001 0.082 0.024

Adenocarcinoma 963 (84.2) 12.6 12.0 23.3

Squamous cell 
carcinoma

132 (11.5) 30.9 5.2 35.6

Other 49 (4.3) 28.7 10.2 36.0

Primary site <0.001 0.879 0.015

Cervical oesophagus 1 (0.1) 0.0 0.0 0.0

Thoracic oesophagus 37 (3.2) 11.7 7.6 18.4

Abdominal 
oesophagus

10 (0.9) 0.0 0.0 0.0

Upper third of 
oesophagus

23 (2.0) 28.5 11.6 36.7

Middle third of 
oesophagus

124 (10.8) 31.1 10.5 39.6

Lower third of 
oesophagus

832 (72.8) 12.4 11.6 22.7

Overlapping lesion of 
oesophagus

19 (1.7) 38.9 0.0 38.9

Oesophagus,  
non-specific

96 (8.5) 16.5 17.0 30.7

Regional nodes 
examined

0.791 0.157 0.537

Yes 1,109 (97.3) 15.7 24.9 36.3

No 35 (3.1) 15.2 10.6 24.9

*, P value less than 0.05 was regarded as a significant difference.
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(1,109/1,144) received at least one lymph node resection 
during the surgical operation (mean: 19.94, range: 1–99). 
In postoperative pathological examination, the majority of 
patients were diagnosed with adenocarcinoma (87.4%), had 
a tumour length less than 5 cm but more than or equal to 
1 cm (72.4%) and were in the pT1a subcategory (56.8%). 
Information about the histological grade was available for 
858 patients (75%), and the constituent ratios of grade 
I, II, III, and IV were 16.3%, 39.3%, 18.3%, and 1.1%, 
respectively.

Overall, EC-specific and other cause-specific death

For patients with pT1N0M0 EC in this cohort, the median 
follow-up was 27.0 months (range, 0.5 to 71.0 months). 
A total of 291 deaths were observed during the follow-
up period; however, approximately half (128 cases) of the 
deaths were due to competing risk events. The 5-year 
cumulative incidence of overall, EC-specific, other cause-
specific mortality was 25.4% [95% confidence interval (CI), 
21.7–29.1%], 15.7% (95% CI, 12.6–18.8%), and 11.2% 
(95% CI, 7.6–13.4%), respectively.

In univariate analysis, the characteristics of age, tumour 
length and pT1 subcategory were significantly related to the 
cumulative incidences of EC-specific, other cause-specific 
and overall death (all P<0.05), and the characteristics of 
histology, histological grade and primary tumour site were 
also significantly associated with EC-specific and overall 
mortality, but not with other cause-specific mortality. 
After the proportional subdistribution hazard analysis was 
performed by using the forward method, the following 
predictors were identified to conduct forecasting models 
for each outcome: age, tumour length, pT1 subcategory, 
histology, histological grade, primary tumour site for EC-
specific death (C-index, 0.663, Table 2); age, tumour length, 
pT1 subcategory for other cause-specific death (C-index, 
0.699, Table 2); and age, tumour length, pT1 subcategory 
for overall death (C-index, 0.578, Table 2). The 5-year 
cumulative probability of EC- and other cause-specific 
death by age, tumour length, and pT1 subcategory is 
showed in Figure 2, as determined by using the cumulative 
incidence function (CIF).

Predictive nomogram for cause-specific death

To predict the 1-, 3- and 5-year cumulative incidence of 
cause-specific death for patients with pT1N0M0 EC, these 
independent risk predictors identified by the proportional 

subdistribution hazard approach were used to construct 
a predictive nomogram based on Fine and Grey’s model 
(Figure 3). The C-index for the overall, EC- and other 
cause-specific mortality models was 0.578, 0.663 and 0.699, 
respectively, which showed that the models have a relative 
good discriminative ability. The calibration plots for the 
5-year cumulative incidence of cause-specific death with 
the CI are presented in Figure 4, and the plots of predicted 
mortality for the bootstrap resampling group closely 
matched the ideal reference (45°) line, which indicates that 
the nomograms were well calibrated.

Discussion

First, this study identified cause-related risk factors 
to predict the specific cause of death for each patient 
diagnosed with pT1N0M0 EC in the SEER database 
between 2010 and 2015. Further, the independent cause-
related risk factors identified by multivariate analysis were 
used to develop the quantifiable nomogram, which could 
predict the proportional subdistribution hazard of each 
cause-specific death.

With increasing age, the age-related comorbidities 
increased but physiological functions weakened; thus, 
advancing age may be the most representative of all 
competing events (7,14). In previous studies on early-
stage oesophageal squamous cell carcinoma (ESCC) and 
adenocarcinoma (EAC), multivariate survival analyses 
indicated that advancing age was a strong prognostic 
factor of overall survival (9,15). Subsequently, Tang et al. 
performed a SEER-based study and identified age as an 
independent predictor to estimate cancer-specific survival 
of patients initially diagnosed with metastatic EC (advanced 
stage) (16). Similar to the results reported by Wu et al., 
advancing age had a negative impact on overall mortality, 
but not on cancer-specific mortality, of patients with EAC 
(regardless of the clinical-pathological stage), which was 
also the first competing risk in the analysis of EC. In 
the current study, we observed that the higher incidence 
of surgically resected early-stage EC-specific death was 
diminished in elderly patients (>70 years at diagnosis) and 
enhanced in younger patients (<60 years at diagnosis), 
consistent with results from Berry et al. (9). However, the 
obviously negative prognostic value of advancing age was 
demonstrated for other cause-specific mortality. Thus, the 
risk of death of the elderly, early-stage EC patients who 
died of cancer became closely equivalent to those who died 
of other causes. Thus, for elderly patients diagnosed with 
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Table 2 Hazard models of probabilities of each cause of death for patient who underwent oesophagectomy for pT1N0M0 oesophageal cancer

Variable

Oesophageal cancer-specific 
death

Other cause-specific death Overall death

sdHR# (95% CI) P value* sdHR# (95% CI) P value* HR† (95% CI) P value*

Age (years) 0.001 <0.001 <0.001

<50 Reference Reference Reference

50–59 0.210 (0.050–0.872) 0.032 0.115 (0.016–0.836) 0.033 0.147 (0.046–0.469) 0.001

60–69 1.247 (0.781–1.992) 0.355 0.339 (0.164–0.698) 0.003 0.800 (0.552–1.161) 0.240

>70 0.536 (0.340–1.143) 0.007 0.217 (0.117–0.401) <0.001 0.372 (0.261–0.531) <0.001

Tumour length (cm) <0.001 0.002 <0.001

<1 Reference Reference Reference

1–5 0.639 (0.357–1.143) 0.131 1.765 (0.675–4.614) 0.246 0.825 (0.510–1.334) 0.433

≥5 0.298 (0.182–0.487) <0.001 0.622 (0.258–1.500) 0.290 0.339 (0.223–0.516) <0.001

T stage 0.001 0.001 <0.001

T1a Reference Reference Reference

T1b 0.893 (0.539–1.482) 0.663 0.269 (0.101–0.713) 0.008 0.674 (0.435–1.047) 0.079

T1, non-specific 0.447 (0.285–0.703) <0.001 0.426 (0.253–0.715) 0.001 0.428 (0.303–0.605) <0.001

Grade 0.048 0.260

Well, I Reference Reference

Moderately, II 0.207 (0.075–0.568) 0.002 0.378 (0.141–1.017) 0.054

Poorly, III 0.254 (0.084–0.766) 0.015 0.538 (0.191–1.516) 0.241

Undifferentiated, IV 0.276 (0.100–0.758) 0.013 0.531 (0.198–1.427) 0.210

Unknown 0.292 (0.104–0.822) 0.020 0.496 (0.180–1.363) 0.174

Histology 0.019 0.607

Adenocarcinoma Reference Reference

Squamous cell carcinoma 1.038 (0.443–2.436) 0.931 0.684 (0.314–1.488) 0.338

Other 0.574 (0.259–1.268) 0.170 0.722 (0.367–1.423) 0.347

Primary site 0.039 0.328

Cervical oesophagus Reference Reference

Thoracic oesophagus – 0.983 – 0.979

Abdominal oesophagus 1.131 (0.304–4.208) 0.854 1.302 (0.465–3.648) 0.615

Upper third of oesophagus – 0.962 – 0.955

Middle third of oesophagus 1.041 (0.309–3.505) 0.949 1.408 (0.532–3.729) 0.491

Lower third of oesophagus 1.335 (0.602–2.958) 0.477 1.429 (0.735–2.776) 0.293

Overlapping lesion of 
oesophagus

0.749 (0.379–1.480) 0.406 0.940 (0.542–1.630) 0.826

Oesophagus, non-specific 3.344 (1.238–9.028) 0.017 2.429 (0.974–6.056) 0.057
#, analysed by the proportional subdistribution hazard model; †, analysed by the COX multivariate regression model; *, P value less than 0.05 
was regarded as a significant difference. sdHR, subdistribution hazard ratio; CI, confidence interval; HR, hazard ratio. 
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early-stage EC, the option of oesophagectomy should be 
fully considered with systemic conditions and comorbidities, 
and better postoperative basic life support should be as 
important as antitumour treatment to avoid excessive death 
from other causes.

In 2004, it was already reported that pT1 EC could be 
subcategorized into pT1a and pT1b according to whether 
tumour cells invaded the submucosa (17). However, the pT1 
subcategorization of the oesophagus and oesophagogastric 
junction on the basis of survival differences to subdivide 
the stage I grouping was not added to the AJCC Cancer 

Staging Manual until 2010 (2). In this study, after Gary’s 
test and proportional subdistribution hazard analysis, we 
also found that patients with later pT1 substage (from 
pT1a, pT1b to pT1) had higher EC-specific mortality and 
overall mortality but lower other cause-specific mortality. 
Therefore, patients with earlier stage pT1 EC treated with 
oesophagectomy may have died from other causes before 
dying of cancer recurrence or metastasis. However, in a 
previous propensity score-matched study, patients with 
T1N0 EC who underwent local therapy had similar overall 
survival but improved EC-specific survival compared with 
those who underwent oesophagectomy, which meant that 
local therapy may reduce procedure-related death (9). In 
addition, Matsumoto and colleagues performed a single 
centre retrospective study and found that the prognosis 
following oesophagectomy was not better than that of 
chemoradiotherapy in elderly patients with stage I EC (18). 
Accordingly, the assessment of surgical tolerance among 
patients with pT1a stage EC who have potentially life-
limiting medical conditions or comorbidities was critical, 
and palliative chemoradiotherapy or local therapy may be 
considered as treatment options for this population (4,9,18).

As we all know, patients diagnosed with more early-
stage cancer had the chance to achieve longer survival, but 
the risk of dying from non-cancer causes increased. This 
phenomenon has been demonstrated and reported in stage 
I non-small-cell lung cancer, localized renal cell carcinoma, 
thyroid cancer, and non-metastatic malignant melanoma 
(11,12,19-21). However, a similar study on early-stage EC 
is still needed. In our competing risk analysis on patients 
with surgically resected early-stage (pT1N0M0) EC, a total 
of 291 patients died in the five-year follow-up period, and 
almost half of these patients died from non-cancer causes 
(128 patients). Subsequently, to numerically predict the 
probability of cause-specific death in surgically resected 
early-stage EC, the independent predictors identified by 
the proportional subdistribution hazard approach were used 
to develop a competing risk nomogram; to our knowledge, 
this is first time such a nomogram has been developed in 
EC. Our nomogram revealed a relative good discriminative 
ability and good calibration for both EC-specific death 
and other cause-specific death. Although our study was 
performed on data from the SEER database, the data in 
this national database were collected from various locations 
and sources throughout the United States (U.S.) and the 
population tends to have a higher proportion of foreign-
born persons (17.9%) than of Americans (13.2%); thus, the 

Figure 2 The cumulative incidence curves of oesophageal cancer-
specific death (solid line) and other cause-specific death (dotted 
line) according to age (A), tumour length (B), and pT1 substage (C).
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Figure 3 Nomogram for predicting 3- and 5-year probabilities of ECSD (A), OCSD (B) and OD (C) in patients with surgically resected 
pT1N0M0 EC. ECSD, oesophageal cancer-specific death; OCSD, other cause-specific death; OD, overall death; NOS, non-specific; ADC, 
adenocarcinoma; SCC, squamous cell carcinoma; C, cervical oesophagus; T, thoracic oesophagus; A, abdominal oesophagus; U, upper third 
of oesophagus; M, middle third of oesophagus; L, lower third of oesophagus; O, overlapping lesion of oesophagus.
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competing risk nomogram obtained from SEER analysis 
had good applicability for prognostic judgement in different 
countries and areas (13). In addition, all variables enrolled 
in each cause-specific model were common and easily 
available in clinical practice. Therefore, during clinical 
decision making and patient-clinician communication, 
clinicians could apply the nomogram to make a rapid and 
precise prognosis judgement that relied only on medical 
records and postoperative pathology.

Although this large population-based cohort study that, 
for the first time, uses competing risk regression analysis 
in surgically resected early-stage EC has the greatest 
advantage, undeniably, several limitations should also be 
noted. First and foremost, some important factors related to 
prognosis of EC, such as history of alcohol use and smoking, 
cardio-pulmonary function, operation type, postoperative 
complications, tumour markers, genetic information, etc., 
were not documented in the SEER database; the recurrence 
time and site closely associated with EC-specific death were 
also unavailable (1,3,9,15,22). Second, because of the lack 

of pT1 staging before 2010 in the SEER database, patients 
enrolled in this retrospective study were selected from 
2010 to 2015, so the follow-up time was relatively short. In 
addition, much progress in medical registration subsystems 
and follow-up strategies has occurred during the past two 
decades; thus, heterogeneity of the documented data sources 
was inevitable. Third, bootstrap resampling was selected as 
a cross-validation method to assess the predictive ability of 
our nomograms. Although each individual from the original 
data had an equal chance of being resampled, each random 
process could lead to an uneven calibration plot. Moreover, 
while our nomograms showed good applicability in internal 
validation, external applicability validated in another patient 
population could not be guaranteed. On the whole, our 
nomograms could be easily used in clinical practice without 
any complex calculations, and they graphically provided 
some references for prognosis judging and clinical decision 
making during patient counselling. More importantly, our 
study confirmed the feasibility of a nomogram in generating 
a numerical probability of cause-specific death in patients 

Figure 4 Calibration curves for the nomogram. The x-axis represents the nomogram-predicted 5-year probabilities of ECSD (A), OCSD 
(B) and OD (C), and the y-axis represents the actual 5-year cumulative incidence of ECSD (A), OCSD (B) and OD (C). ECSD, oesophageal 
cancer-specific death; OCSD, other cause-specific death; OD, overall death.
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with early-stage EC and supplied a direction for future 
studies based on multicentre, large-scale cohorts with 
adequate follow-up time.

Conclusions

We carried out the first competing risk analysis for patients 
with surgically resected early-stage EC using the SEER 
database. Based on independent predictors identified by 
the final proportional subdistribution hazard analysis, a 
competing risks nomogram was developed to predict the 
proportional of risk of each cause of death. Our nomograms 
demonstrated good performance for risk stratification in the 
internal validation, but further external validation is needed 
to determine whether the nomogram can be applied to a 
wider population.
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