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Background: A nomogram was developed for the estimation of individualized overall survival (OS) of 
patients diagnosed with small cell esophageal carcinoma (SCEC).
Methods: From the SEER dataset, 427 patients diagnosed with SCEC during the period from 2004 to 
2015 were selected as training sets. For the establishment of a nomogram capable of estimating the OS 
possibility of patients diagnosed with SCEC, a group of independent prognostic factors were identified and 
incorporated. The effectiveness of the nomogram was then both externally and internally verified among 
159 patients from Fudan University Shanghai Cancer Center (FUSCC) who were diagnosed with SCEC 
between 2006 and 2015. The predictive accuracy and discriminative ability of the nomogram were measured 
by concordance index (C-index). Comparisons between nomogram and the AJCC staging systems (6th and 
7th) were performed with calibration plots and area under the curves (AUC) values.
Results: We identified age, gender, primary site, SEER stage, surgery, radiotherapy, and chemotherapy as 
seven independent risk factors which were then used to set up the nomogram. Calibration curves indicated 
that the prediction of the nomogram was consistent with real observations for the possibilities of 1-, 3-, and 
5-year OS, and applying the nomogram to the cohort for validation led to reproducible results. Moreover, 
the C-indices and AUC values were higher in the nomogram than those in the AJCC staging system AJCC 
which is also aimed at the prediction of OS. 
Conclusions: This study resulted in the establishment of the first nomogram for the prediction of 
individualized OS of patients diagnosed with SCEC. The accuracy rate of prediction of this model may be 
higher than previously established staging systems. 
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Introduction

Neuroendocrine carcinoma (NEC) is an esophageal tumour 
with low incidence, constituting only 3% of all esophageal 
cancers (1,2).  Of tumours classified by the WHO 

originating in the digestive system, NECs are considered 

as poorly-differentiated carcinomas, whose mitotic count 

is higher than 20 per 10 high power field, and whose index 

of proliferation is higher than 20 percent. Both small 
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and large cell carcinomas exist in NECs (3,4). Primary 
small cell esophageal carcinoma (PSCEC) is the most 
common extrapulmonary small cell carcinomas (5,6) and its 
prevalence is increasing overtime (7,8). Most patients with 
SCEC have a poor prognosis, with a median survival time 
of is only 8–13 months following diagnosis (5).

Due to the rarity and tumour heterogeneity of SCEC, 
a specific staging system, clinical trials, or standard 
treatment have not as yet been established. Additionally, 
as SCEC is a highly aggressive malignancy with dismal 
survival, considerable controversy regarding its prognostic 
factors exists, with the few studies investigating this being 
retrospective, with small sample size, and producing 
inconsistent results (9-13).

 A nomogram is a statistical model based on a set of 
vital factors and aimed to estimate the possible result of a 
clinical event, such as the recurrence rate of a disease or the 
possibility of death (14). It is widely regarded as a tool that 
can reliably predict the outcomes of clinical treatments of 
numerous cancers, and in some (15,16), has been verified as 
producing higher accuracy than previously developed staging 
systems. While nomograms are now used as alternative tools 
and are even seen as a novel criterion to manage cancer 
patients, none have been established to estimate the OS of 
patients diagnosed with SCEC. Therefore, it is imperative 
that investigations should be made in which SCEC OS is 
estimated on the basis of a large-scale cohort of patients.

For a precise estimation of the clinical treatment effect of 
patients diagnosed with SCEC, a nomogram was set up to 
investigate the contribution of each clinical variable bearing 
significance, as well as the relevant SEER data. In addition, an 
independent group of SCEC patients from Fudan University 
Shanghai Cancer Center (FUSCC) were employed to 
externally validate the model. We present the following article 
in accordance with the TRIPOD reporting checklist (available 
at https://dx.doi.org/10.21037/atm-21-3900).

Methods

Study population

This retrospective research was approved by the Institutional 
Review Board of FUSCC. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). With the support of the National Cancer Institute, 
information was sourced and obtained from 18 cancer 
registries in the SEER dataset which cover around one third 
of the total population of the United States. By referring to 
the 2008 ICD-0-3/WHO between 2004 and 2015, all patients 

diagnosed with SCEC were selected. Several covariates were 
also investigated incorporating race, gender, age when the 
patient was diagnosed, primary tumour location, registration 
region, marital status, SEER summary stage, tumour-node-
metastasis (TNM) stage (6th and 7th edition), surgery type, 
and the use of chemotherapy and radiation. On the other 
hand, SCEC patients treated in the FUSCC between 2006 
and 2015 were also selected as a validation cohort, and only 
those diagnosed with SCEC in the FUSCC for the first time 
were chosen, while those treated with anti-cancer therapies 
such as radiotherapy and chemotherapy were not considered. 
In addition to the aforementioned variables, performance 
status score (PS), smoking status, alcohol use, food habit, 
vascular invasion, perineural involvement, and pathology 
(pure or mixed SCEC) were also sought and included, while 
patients whose information was incomplete were excluded. 

Statistical analyses

Statistical analysis was performed using R-3.5.2 for Windows. 
OS was defined as the duration from the time when a patient 
was initially diagnosed with SCEC to the time when they 
died or attended their last follow-up, and was the primary 
endpoint of the research. Continuous data were analyzed 
using Student’s t test and categorical data using Chi-square 
test. Log-rank tests and Kaplan-Meier survival curves were 
employed to compare OS between different subgroups 
of SCEC patients and to delineate features influencing 
OS. Univariate and multivariable Cox regression analyses 
were applied for survival analysis. Using the methods in 
our previous study, a novel nomogram was built based on 
prognostic parameters derived from the SEER data (17). To 
evaluate whether the survival predicted by the nomogram 
was consistent with the observed survival, we referred to its 
calibration curves, which were validated by 1,000 resamples. 
We investigated the prognostic performance of the nonogram 
by using both calibration plots and time-dependent receiver 
operating characteristic (tdROC) curve analyses, and further 
compared its performance with that of the AJCC staging 
system through calculating C-indices and area under the 
curves (AUC) values. A two-sided P value smaller than 0.05 
suggested statistical significance. 

Results

Patient baseline characteristics

We retrospectively enrolled 427 patients diagnosed with 
SCEC in the SEER database between 2004 and 2015. To 
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verify the effectiveness of the nomogram, 159 patients were 
gathered as a cohort from the FUSCC through referring to the 
set inclusion and exclusion standards, and their baseline clinical 
pathologic features are summarized in Table 1. Most patients, 
both in the training group and in the verification group, 
were male, married, had lymph node metastasis, and received 
chemotherapy. Lower thoracic SCEC was the most common 
primary tumor site (44%) in the SEER database, while middle 
thoracic SCEC (64.8%) was the most common site in the 
SEER database. The SEER cohort were relatively older (mean 
67.4±11.4 years-of-age) at diagnosis than the validation cohort 
(mean 61.0±7.6 years-of-age), were associated with higher 
probability of distant metastasis (49.4%), and were more likely 
to have undergone radiotherapy (52.5%). By contrast in the 
validation cohort, as a regional stage predominated (45.3%), 
most patients received surgery (60.4%), while radiotherapy 
only involved 40.9% of patients. As listed in Table 1, we 
retrospectively collected information on PS, pathology (pure 
or mixed SCEC), smoking status, alcohol use, food habits, 
vascular invasion, perineural involvement, and surgical type in 
the validation group. 

Independent prognostic factors in the training cohort

A univariate analysis was performed in the training cohort 
to clarify the clinical parameters having vital linkages 
with the OS of SCEC patients. Figure 1A shows that 
race, gender, age, marital status, CHSDA region, primary 
tumour site, surgery, SEER stage, and clinical therapies 
such as chemotherapy and radiotherapy display remarkable 
associations with OS. However, multivariate analysis showed 
that race, marital status, and CHSDA region lost their vital 
roles, while the remaining variables remained significant 
(Figure 1B). The 3-year OS rates for patients with SEER 
localized, regional, and distant stages were 27.7%, 20.5%, 
and 2.4%, respectively. The Kaplan-Meier survival curves 
for different SEER stages are shown in Figure 2A. Of note, 
neither the 6th or 7th AJCC TNM staging system was an 
independent prognostic factor in the Cox regression model, 
and the Kaplan-Meier survival curves were overlapped 
among AJCC stages I–IV (Figure 2B,2C). Better survival was 
found among the patients treated with chemotherapy than 
those never receiving it, and radiotherapy and surgery were 
also found to be associated with favourable outcomes. 

Prognostic nomogram for OS

A nomogram incorporating all variables of significance 

identified by using the covariates mentioned above was 
developed, and as shown in Figure 3, the nomogram 
predicting 1-, 3-, and 5-year OS was built on the basis of 
chosen parameters that had a hazard ratio. The nonogram 
showed the greatest contributing factor to prognosis was the 
SEER distant stage, followed by chemotherapy, unknown 
SEER stage and regional stage, radiotherapy, upper primary 
tumour site, and male gender. Table S1 shows the exact 
values of all predictive parameters of the nomogram. 
Through adding all these values and placing them into the 
total-point scale, the survival probabilities were calculated. 

Validation of the predictive accuracy of the nomogram for OS

The C-index of the nonogram, which was employed to 
indicate OS, was 0.71 (95% CI, 0.67–0.75) in the training 
set by using 1,000× bootstrap resampling. The predicted 
OS was further verified externally in the separate group of 
159 patients from the FUSCC, who had been diagnosed 
with SCEC. The calibration plots presented an optimal 
agreement between the outcomes predicted by the 
nomogram and those actually observed in terms of the 1-, 
3-, and 5-year OS (Figure 4A-4C). Internal and external 
validation results both suggested appreciable reliability of 
the nomogram.

Comparison of the nomogram with AJCC staging systems

We did comparisons between the SCEC nomogram with 
the 6th and 7th AJCC TNM staging systems by calculating 
C-indices and area under the curves (AUC) values to 
access the prediction accuracy. The nomogram yielded a 
significantly larger C-index for predicting OS in the group 
aimed at verification compared with that of the AJCC stages 
[nomogram: 0.71 (95% CI, 0.67–0.75); TNM 6th: 0.63 
(95% CI, 0.59–0.67); TNM 7th: 0.64 (95% CI, 0.60–0.68); 
P<0.001]. Figure 4D-4F and Table S2 show the AUC value 
of the nonogram was slightly higher than that of the TNM 
staging system (nomogram vs. TNM 6th vs. 7th, 1-year OS 
rate, 0.92 vs. 0.59 vs. 0.81; 3-year OS rate, 0.89 vs. 0.67 vs. 
0.65; 5-year OS rate, 0.83 vs. 0.61 vs. 0.66). These results 
implied both the short-term OS and the long-term OS were 
predicted more accurately by the nomogram than the AJCC 
staging systems. 

Discussion

SCEC is an exceptionally rare diagnosis, with its prognostic 
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Table 1 Basic demographic and patient characteristics in the 
training and validation cohort of SCEC patients

Variables
FUSCC 
(n=159)

SEER 
(n=427)

P

Race (%) <0.001

NR 159 (100.0) 0 (0.0)

Others 0 (0.0) 94 (22.0)

White 0 (0.0) 333 (78.0)

Gender (%) 0.001

Female 38 (23.9) 168 (39.3)

Male 121 (76.1) 259 (60.7)

CHSDA region (%) <0.001

East 0 (0.0) 153 (35.8)

Northern Plains 0 (0.0) 84 (19.7)

NR 159 (100.0) 0 (0.0)

Pacific Coast 0 (0.0) 167 (39.1)

Southwest 0 (0.0) 23 (5.4)

Primary site (%) <0.001

Lower 35 (22.0) 188 (44.0)

Middle 103 (64.8) 105 (24.6)

Others 7 (4.4) 101 (23.7)

Upper 14 (8.8) 33 (7.7)

TNM 7th (%) <0.001

I 2 (1.3) 0 (0.0)

IA 12 (7.5) 5 (1.2)

IB 14 (8.8) 24 (5.6)

IIA 4 (2.5) 24 (5.6)

IIB 31 (19.5) 19 (4.4)

III 1 (0.6) 0 (0.0)

IIIA 17 (10.7) 28 (6.6)

IIIB 7 (4.4) 0 (0.0)

IIIC 20 (12.6) 21 (4.9)

IV 51 (32.1) 168 (39.3)

NR 0 (0.0) 138 (32.3)

Table 1 (continued)

Table 1 (continued)

Variables
FUSCC 
(n=159)

SEER 
(n=427)

P

TNM 6th (%) <0.001

I 14 (8.8) 28 (6.6)

IIA 18 (11.3) 28 (6.6)

IIB 37 (23.3) 14 (3.3)

III 37 (23.3) 46 (10.8)

IIIA 1 (0.6) 0 (0.0)

IVA 8 (5.0) 8 (1.9)

IVB 44 (27.7) 144 (33.7)

IV NOS 0 (0.0) 20 (4.6)

NR 0 (0.0) 139 (32.6)

T stage 7th (%) <0.001

T1 8 (5.0) 0 (0.0)

T1a 0 (0.0) 51 (11.9)

T1b 23 (14.5) 8 (1.9)

T2 50 (31.4) 41 (9.6)

T3 51 (32.1) 50 (11.7)

T4 3 (1.9) 0 (0.0)

T4a 10 (6.3) 38 (8.9)

T4b 11 (6.9) 16 (3.7)

TX 3 (1.9) 223 (52.2)

N stage 7th (%) <0.001

N0 38 (23.9) 114 (26.7)

N1 58 (36.5) 133 (31.1)

N2 44 (27.7) 7 (1.6)

N3 19 (11.9) 0 (0.0)

NX 0 (0.0) 173 (40.5)

M stage 7th (%) <0.001

M0 108 (67.9) 143 (33.5)

M1 51 (32.1) 168 (39.3)

MX 0 (0.0) 116 (27.2)

T stage 6th (%) <0.001

T1 31 (19.5) 59 (13.8)

T2 50 (31.4) 41 (9.6)

T3 51 (32.1) 50 (11.7)

T4 24 (15.1) 54 (12.6)

TX 3 (1.9) 223 (52.2)

Table 1 (continued)
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Table 1 (continued)

Variables
FUSCC 
(n=159)

SEER 
(n=427)

P

N stage 6th (%) <0.001

N0 40 (25.2) 117 (27.4)

N1 119 (74.8) 136 (31.9)

NX 0 (0.0) 174 (40.7)

M stage 6th (%) <0.001

M0 108 (67.9) 139 (32.6)

M1 1 (0.6) 20 (4.7)

M1a 8 (5.0) 8 (1.9)

M1b 42 (26.4) 144 (33.7)

MX 0 (0.0) 116 (27.2)

SEER stage (%) <0.001

Localized 37 (23.3) 77 (18.0)

Regional 72 (45.3) 76 (17.8)

Distant 50 (31.4) 211 (49.4)

Unstaged 0 (0.0) 63 (14.8)

VALSG stage

Limited 115 (72.3) NR

Extensive 44 (27.7) NR

Surgery (%) <0.001

No 63 (39.6) 388 (90.9)

Yes 96 (60.4) 39 (9.1)

Radiotherapy (%) 0.016

No 94 (59.1) 203 (47.5)

Yes 65 (40.9) 224 (52.5)

Chemotherapy (%) 0.006

No 29 (18.2) 128 (30.0)

Yes 130 (81.8) 299 (70.0)

Age [mean (SD)] 60.99 (7.64) 67.37 (11.37)<0.001

Marital status (%) <0.001

No 0 (0.0) 192 (45.0)

Yes 159 (100.0) 235 (55.0)

Performance status (%) <0.001

0 61 (38.4) 0 (0.0)

1 94 (59.1) 0 (0.0)

2 4 (2.5) 0 (0.0)

NR 0 (0.0) 427 (100.0)

Table 1 (continued)

Table 1 (continued)

Variables
FUSCC 
(n=159)

SEER 
(n=427)

P

Pathology

Pure SCEC 131 (82.4) NR

Mixed SCEC 28 (17.6) NR

Smoking status (%) <0.001

N 68 (42.8) 0 (0.0)

NR 0 (0.0) 427 (100.0)

Y 91 (57.2) 0 (0.0)

Alcohol status (%) <0.001

N 91 (57.2) 0 (0.0)

NR 0 (0.0) 427 (100.0)

Y 68 (42.8) 0 (0.0)

Food habit (%) <0.001

N 76 (47.8) 0 (0.0)

NR 19 (11.9) 427 (100.0)

Y 64 (40.3) 0 (0.0)

Vascular invasion (%) <0.001

NR 70 (44.0) 427 (100.0)

Y 36 (22.6) 0 (0.0)

N 73 (45.9) 0 (0.0)

Perineural involvement (%) <0.001

NR 70 (44.0) 427 (100.0)

Y 16 (10.1) 0 (0.0)

Ivor-Lewis 62 (39.0) 0 (0.0)

Surgical type (%) <0.001

McKeown 8 (5.0) 0 (0.0)

No 70 (44.0) 0 (0.0)

NR 0 (0.0) 427 (100.0)

Palliative resection 3 (1.9) 0 (0.0)

Sweet’s 3 (1.9) 0 (0.0)

Three field 13 (8.2) 0 (0.0)

FUSCC, Fudan University Shanghai Cancer Center; SEER, 
Surveillance, Epidemiology, and End Results database; NR, not 
reported; CHSDA, Contract Health Service Delivery Areas; NOS, 
not of specific; VALSG, Veterans Administration Lung Study 
Group; SD, standard deviation; SCEC, small cell oesophageal 
carcinoma.



Liu et al. Nomogram for OS in patients with SCEC

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(16):1344 | https://dx.doi.org/10.21037/atm-21-3900

Page 6 of 12

Figure 1 Cox regression analysis for OS in SCEC patients from the training cohort. Univariate (A) and multivariate (B) Cox regression in 
the SEER cohort. SEER, Surveillance, Epidemiology, and End Results database; SCEC, small cell oesophageal carcinoma.
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Figure 3 Nomogram estimating 1-, 3-, and 5-year overall survival for SCEC patients based on the SEER cohort. SCEC, small cell 
oesophageal carcinoma; SEER, Surveillance, Epidemiology, and End Results database.

factors and treatment strategy poorly understood. As 
existing knowledge on these factors has largely been 
derived from small series or case reports, there is an 
urgent need to more accurately determine the survival 
characteristics of SCEC patients. In this study, the data 
of many SCEC patients were obtained from the SEER 
dataset, and a comprehensive nomogram was established for 
the predictive calculation of their OS. The model showed 
satisfactory agreement in its application to both training 
and validation groups of SCEC patients, and obtained 
superiority over AJCC staging systems, with more accurate 
individual prediction of survival probability, demonstrating 
its clinically application. The extremely low incidence of 
SCEC has led to there being no specific staging system for 
the disease, and to date, the TNM-based AJCC staging 
systems have been adopted to assess the survival of patients. 
However, our results showed the predictive value of the 
6th and 7th AJCC staging systems for the estimation of OS 
in SCEC patients to be poor, and through AJCC stages I–
IV, the survival curves were obviously overlapped. Instead 
of TNM stages, SEER stages were incorporated into the 
multivariate COX analysis and showed none of T, N, 

or M classifications were significant prognostic factors. 
The standardization and simplification of SEER staging 
ensures over-time consistency among various definitions 
that exert an impact on OS in our nomogram, and accords 
with previously released statistics (18). However, as there 
is a wider application of AJCC staging systems in clinical 
practice, whether TNM stages correlate with the survival 
of SCEC patients remains controversial. One study of 
64 patients suggested that T stage was an independent 
prognostic factor (10), with other data suggesting the N 
stage was associated with survival (11,19). Limitations 
notably exist in all previous studies, including a small 
sample size in the former and the majority of SCEC 
patients being non-metastatic. The present research shares 
the limitation of other SEER-data-based studies in that its 
interpretation is restricted. As we also failed to investigate 
tumour invasion, distant metastases, as well as lymph 
node metastases of 27.2–52.2% of patients, there were 
138 (32.3%) and 139 (32.6%) patients with unknown 7th 
and 6th TNM stage. However, both the AJCC and SEER 
categorizations of parameters only incorporate tumour-
related variables, and the clinical characteristics of patients 
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and data on previous therapies is not taken into account, 
resulting in an inaccurate estimation of OS as several 
studies in other cancer types have revealed (15,16,20,21). 
Future studies are required to establish a more precise and 
individual staging system specified for SCEC.

In the current study, besides the SEER stage, we 
showed that age, male gender, tumor location in the 
upper-third of the esophagus, and insufficient or no 
radiotherapy, chemotherapy, and/or surgery were closely 
linked to mortality in SCEC patients. Our data for age 
(9,13,18,22), male gender (9,18,22), and primary tumour 
site (9,22) as prognostic factors accords with previously 
published literature on SCEC. Zhang and colleagues (23) 
built a competing-risk model to assess the cause-specific 
survival (CSS) in patients with esophageal NEC which 
demonstrated that primary tumour site, distant metastases, 
and clinical treatment were closely linked to CSS, which 
supports our results. 

Zhang’s study also concluded surgery was a protective 
factor that lowered the possibility of cause-specific mortality 
in SCEC patients by 76%, followed by radiotherapy and 
chemotherapy, whereas our results indicated that the 
death risk of patients treated with chemotherapy decreased 
by 62% (HR =0.38, 95% CI, 0.30–0.49), followed by 
radiotherapy (HR =0.71, 95% CI, 0.57–0.89), and surgery 
(HR =0.75, 95% CI, 0.62–0.91). This difference may be 
because Zhang’s nomogram enrolled 162 esophageal NEC 
patients from 1998 to 2004 making the data relatively old, 
and may have included patients with large cell carcinomas. 
Moreover, Zhang’s nomogram did not include any staging 
system, which is a major limitation acknowledged by 
the authors in their paper and its editorial letter (24). In 
addition, they did not verify their nomogram externally. 
An optimal treatment strategy has not been provided in 
national guidelines for SCEC due to a lack of sufficient 
data. SCEC is widely acknowledged as a complicated 
disease, and metastatic disease has occurred in 40–60% of 
patients at the time of diagnosis (5). While chemotherapy 
was regarded as the foundation of multidisciplinary as 
well as local treatment for SCEC, the recurrence rate has 
remained high and the prognosis far from ideal (5,11,25), 
and while surgery continues to play a predominant role, 
its use is limited to early stage and/or resectable SCEC 
patients (6,19,26,27). In the current study, we enrolled 427 
SCEC patients from the SEER database and 49.4% patients 
were distant SEER stage, which is a figure consistent with 
the literature and may indicate our results are close to the 
real world. On this basis, we propose chemotherapy-based 

systemic therapy for the local treatment of SCEC.
However, there are several limitations to this study. 

Above all, the information relevant to tumour site, 
TNM and VALSG stage, lifestyle, performance status, 
pure/mixed SCEC, surgical margins, and other detailed 
clinical information could not be ascertained from SEER, 
which restricted the reliability as well as precision of 
our prognostic analyses. Secondly, our study developed 
a nomogram to estimate individualized OS, which did 
not take competing risks into consideration, and more 
investigation into cause-specific mortality in SCEC patients 
is warranted. Last but not least, the retrospective nature 
and limited sample size of our analysis inevitably produced 
substantial bias, and prospective and multicentre studies are 
required to validate these factors.

Conclusions

Despite its limitations, as well as the rarity of SCEC, the 
nomogram in our research was developed and verified on 
the basis of a large population of SCEC patients and on 
the basis of combining non-anatomic factors with anatomic 
ones, incorporating both clinical characteristics and therapy 
methods. While the estimations of the nonogram were 
relatively accurate when predicting the prognosis of SCEC 
patients, more research based on larger-scale samples is 
required to validate its applicability and update our findings.
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Table S1 Detailed scores of all predictors in the nomogram

Variables Nomogram points

Age

20 0

25 7

30 14

35 21

40 29

45 36

50 43

55 50

60 57

65 64

70 71

75 78

80 86

85 93

90 100

Gender

Female 0

Male 12

Location

Low 0

Overlap 12

Middle 13

Upper 14

Stage

Localized 0

Regional 28

Distant 86

Unstaged 35

Surgery

Yes 0

No 5

Radiotherapy

Yes 0

No 27

Chemotherapy

Yes 0
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