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Background: The dynamic survival trend of patients with primary non-metastatic esophageal cancer
(nMEC) is unknown. We conducted a conditional survival (CS) analysis and developed a novel nomogram to
predict it.

Methods: Patients with primary nMEC were identified from the Surveillance, Epidemiology, and End
Results (SEER) database. Independent prognostic factors of cancer-specific survival (CSS) were identified.
The log-rank test and Cox analysis were used to calculate probabilities of CS. We constructed nomograms to
predict survival trends and CS probabilities based on the prognostic factors. Calibration curves and C-indexes
were used for internal and external validation.

Results: A total of 9,008 patients were identified from the SEER database and 37 patients were recruited
as an external validation cohort. The 1- and 3-year CS rates were 69.6% and 43.1% at diagnosis, rising to
95.2% and 86.2% at the fifth conditional year. CS probabilities by different variables continuously improved
over time. The calibration curves of the CS nomograms fit well. The C-indexes were 0.700 (95% CI: 0.693—
0.709) in the training cohort, 0.693 (95% CI: 0.669-0.717) in the internal validation cohort, and 0.683 (95%
CI: 0.556-0.810) in the external validation cohort.

Conclusions: CS rates are more dynamic than traditional survival rates for patients surviving for a
relatively longer period. The CS rates of patients with nMEC improved over time and became stable after

surviving for a few years. We developed and validated nomograms to predict CS probabilities.
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Introduction

Esophageal cancer (EC) is a highly aggressive type of cancer
that is a leading cause of cancer mortality globally. In 2018,
there were an estimated 17,290 new cases and 15,850 deaths
caused by primary EC in the United States (1). Despite
improvements in treatment, the 5-year survival rate for
primary EC is only 20% in many countries (2). Non-
metastatic esophageal cancer (nMEC) accounts for
approximately half of all EC cases, but 25% of nMEC
patients eventually develop distant metastasis even after
standard treatment (3). Clinicians often rely on the tumor
node metastasis (IINM) staging system of the American
Joint Committee on Cancer (AJCC) to predict survival
in patients with primary nMEC (4). However, the TNM
system has limited predictive performance.

Conditional survival (CS), which is the probability of
surviving for a given period of time assuming that a patient
has already survived for a specific period, has gained
widespread use in recent years (5-7). CS can quantitatively
reflect the risk of death in the remaining living population.
Many studies have analyzed the trend of CS over time in
various cancers, but the prediction of CS has largely been
ignored (8-10). Nomograms, which are predictive models
that can assess the risk of death or recurrence in many
diseases, have become a popular tool for risk assessment
(11,12). However, to the best of our knowledge, nomograms
predicting CS in primary nMEC patients have not been
well studied.

In this study, we used data from the Surveillance,
Epidemiology, and End Results (SEER) database, which
covers approximately 30% of the population in the United
States (13), to conduct a CS analysis of primary nMEC
patients. The aim of this analysis was to observe the
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dynamic survival trends in these patients. We also explored
independent predictive factors of CS for cancer-specific
survival (CSS) in nMEC patients and developed nomograms
to predict CS, which were then validated internally and
externally. We present this article in accordance with the
TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-185/rc).

Methods
SEER data source

The SEER database contains data from 18 registries in the
United States covering the period from 1973 to 2014. The
data for this study were obtained using SEER*Stat software.
All personal information in the SEER database was
de-identified. We randomly divided the included patients
into a training cohort and an internal validation cohort in a
9:1 ratio.

Inclusion and exclusion criteria

In this study, we included patients who met the following
criteria: (I) diagnosed with primary EC (anatomic ICD-O-3
code: C15.0-15.9); (II) diagnosed between 2004 and 2014;
(III) aged 18 years or older at diagnosis; (IV) limited to
adenocarcinoma (histologic ICD-O-3 code: 8140-8389) or
squamous cell carcinoma (histologic ICD-O-3 code: 8050-
8089); (V) MO status (no distant metastasis).

We excluded patients who met the following criteria:
(I) unknown demographic information such as gender,
age at diagnosis, race, and marital status; (II) unknown
clinicopathologic information such as cancer site, histologic
grade, AJCC stage, and TNM status; (III) unknown surgery
or radiotherapy information; (IV) unknown survival month;
(V) surviving for less than or equal to one month; (VI) with
only death certificate or autopsy follow-up type.

Variable selection

We collected patient data from the SEER database,
including demographic information such as gender, age,
marital status, race, and cancer site; clinicopathologic
information such as histology, histologic grade, and TNM
stage; and treatment information such as surgical therapy,
radiotherapy, and chemotherapy. We classified gender
as male or female, age as 18-65 years (young group) or
older than 65 years (old group), marital status as married
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or unmarried (including divorced, separated, single, or
widowed patients), race as white or black, cancer site as
lower third or other (including upper third, middle third,
and overlapping lesion of the esophagus), histology as
adenocarcinoma or squamous cell carcinoma, histologic
grade as grade I-1I or III-IV, TNM stage as stage I, II,
or III, T status as T'1-2 or T3-4, and N status as NO or
N1. We also classified whether patients received surgical
treatment, radiotherapy, or chemotherapy. Deaths caused
by EC were considered cancer-specific death events.

Validation cobort

We validated the nomogram using both an internal
validation cohort (a subset of the included patients from
the SEER database) and an external validation cohort. The
external validation cohort consisted of 37 patients with
primary nMEC who were diagnosed between July 2016
and July 2019 at the First Affiliated Hospital of Shantou
University Medical College. We retrospectively collected
necessary demographic, histopathological, treatment,
and follow-up data for these patients. During external
validation, we did not consider the race variable because all
patients in this cohort were Asian. The study was conducted
in accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the ethics committee of
the First Affiliated Hospital of Shantou University Medical
College (No. 2022-223) and individual consent for this
retrospective analysis was waived.

Statistical analysis

We performed statistical analysis using R software v4.2.1.
All P values were two-sided, and P<0.05 was considered
statistically significant. We described continuous variables
with skewed distributions as medians, first quartiles, and
third quartiles, and described categorical variables as
frequencies and percentages. For categorical variables,
we used Pearson’s chi-squared test to detect statistical
significance. The log-rank test and the multivariable
Cox proportional hazard model were used to identify
independent risk factors for CSS. The additive model test
was used to detect statistical interactions between two
variables in multivariable Cox analyses, including synergism
and antagonism. We estimated the cumulative CSS
probabilities using the Kaplan-Meier method. CS (y|x) was
defined as the probability of surviving an additional number
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of years (y years) given that the patient had survived a
specified number of years (x years). To calculate the y-year
CS for patients surviving x years, we divided the (x+y)-year
CSS by the x-year CSS. Standard errors were calculated
using Davis’s method (14).

The nomogram models were constructed using the
training cohort (Figure S1). For the CS nomograms,
we used the forward variable selection method of
Cox regression to select predictive factors based on
independent prognostic factors. We calculated CS and
then established the CS nomograms. The accuracies of
the clinical CS nomograms were validated in the training,
internal validation, and external validation cohorts using
500-resample bootstrapping. We used the calibration curve
and Harrell’s concordance index (C-index) to evaluate the
performance of the nomograms. The calibration curve
shows the relationship between the predictive estimates
of the models and the actual observations. The ideal
predictions, known as the standard curve, should fall on the
45-degree straight line through the origin. The C-index
represents the quantitative predictive performance of the
model and ranges from 0.500 (representing random chance)
to 1.000 (representing perfect discrimination). Additionally,
we conducted 10-fold cross-validation in the included
non-randomly grouped SEER patients to reduce the
arbitrariness of data partitioning.

Results

We finally included 9,008 patients with primary nMEC in
our study, which we randomly divided into 8,107 patients
in the training cohort and 901 patients in the internal
validation cohort (Figure I). Over half of the patients
received surgery (52.3%), chemotherapy (69.5%), and
radiotherapy (69.7%). There were no statistically significant
differences in any variables between the two groups
(Table 1). The median follow-up period was 17.00 (8.00-
38.00) months. Table S1 displays the baseline characteristics
of the external validation cohort, which had a median
follow-up period of 21.0 (13.0-35.0) months.

In general, the 1-year CSS rate was 69.6%, and the 3-year
CSS rate was 43.1% (Figure 2). The log-rank test and Cox
analysis found that age, marital status, race, grade, T stage,
N stage, surgery, and chemotherapy were associated with
CSS outcomes in patients with primary nMEC (Figure 3,
Table 2). Specifically, patients who did not receive surgery
[hazard ratio (HR) =2.786, 95% confidence interval (CI):
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Non-metastatic esophageal cancer
patients diagnosed between 2004
and 2014 in the SEER database

N=24,374
Aged <18 years old, N=1
> Unknown marital status, N=1,192
Unknown races, N=1,204
Y
N=21,977
Unknown cancer site, N=3,112
Unknown histologic type, N=1,723
Unknown grade data, N=2,891
Unknown AJCC TNM data, N=1,598
A
N=12,653
N Unknown surgery, N=209
g Unknown radiation, N=111
A
N=12,333
- Unknown survival months, N=943
- Not first tumor, N=2,382
A

Patients included finally
N=9,008

Randomized allocation

Y Y
Training cohort Internal validation cohort External validation cohort
(N=8,107) (N=901) (N=37)
Construction T T
v Test

Clinical nomograms predicting conditional survival

Figure 1 Flowchart of patient inclusion and exclusion. SEER, Surveillance, Epidemiology, and End Results; AJCC, American Joint
Committee on Cancer; TNM, tumor node metastasis.

Table 1 Baseline characteristics of non-metastatic esophageal cancer patients in two cohorts

Characteristic Training cohort (N=8,107) Validation cohort (N=901) Total (N=9,008) P value
Gender 0.466
Male 6,453 (79.6) 727 (80.7) 7,180 (79.7)
Female 1,654 (20.4) 174 (19.3) 1,828 (20.3)

Table 1 (continued)
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Table 1 (continued)

Characteristic Training cohort (N=8,107) Validation cohort (N=901) Total (N=9,008) P value

Age 0.844
Young 3,740 (46.1) 412 (45.7) 4,152 (46.1)
Old 4,367 (53.9) 489 (21.9) 4,856 (53.9)

Marriage 0.370
Married 4,900 (60.4) 559 (62.0) 5,459 (60.6)
Unmarried 3,207 (39.6) 342 (38.0) 3,549 (39.4)

Race 0.993
White 7,258 (89.5) 806 (89.5) 8,064 (89.5)
Black 849 (10.5) 95 (10.5) 944 (10.5)

Site 0.751
Lower one third 5,848 (72.1) 655 (72.7) 6,503 (72.2)
Others 2,259 (27.9) 246 (27.3) 2,505 (27.8)

Histology 0.782
Adenocarcinoma 5,611 (69.2) 619 (68.7) 6,230 (69.2)
Squamous cell carcinoma 2,496 (30.8) 282 (31.3) 2,778 (30.8)

Grade 0.746
Grade /Il 4,385 (54.1) 493 (54.7) 4,878 (54.2)
Grade IlI/IV 3,722 (45.9) 408 (45.3) 4,130 (45.8)

AJCC 0.314
| 2,083 (25.7) 227 (25.2) 2,310 (25.6)
I 2,911 (35.9) 346 (38.4) 3,257 (36.2)
M 3,113 (38.4) 328 (36.4) 3,441 (38.2)

AJCC-T 0.833
T1-T2 3,877 (47.8) 427 (47.4) 4,304 (47.8)
T3-T4 4,230 (52.2) 474 (52.6) 4,704 (52.2)

AJCC-N 0.423
NO 4,173 (51.5) 477 (52.9) 4,650 (51.6)
N1 3,934 (48.5) 424 (47.1) 4,358 (48.4)

Surgical treatment 0.578
Yes 4,250 (52.4) 463 (51.4) 4,713 (52.3)
No 3,857 (47.6) 438 (48.6) 4,295 (47.7)

Chemotherapy 0.334
Yes 5,618 (69.3) 639 (70.9) 6,257 (69.5)
No/unknown 2,489 (30.7) 262 (29.1) 2,751 (30.5)

Radiotherapy 0.234
Yes 5,634 (69.5) 644 (71.5) 6,278 (69.7)
No 2,473 (30.5) 257 (28.5) 2,730 (30.3)

All the variables are described as frequencies and percentages; Pearson’s chi-squared test was used to detect the statistical significance.
AJCC, the American Joint Committee on Cancer; T/N, tumor/node.
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Figure 2 The 1- and 3-year CS in patients with nMEC. Red
curves indicate traditional cumulative survival curves; blue curves
indicate 1-year conditional survival curves; brown curves indicate
3-year conditional survival curves. CSS, cause-specific survival; CS,

conditional survival; nMEC, non-metastatic esophageal cancer.

2.609-2.975, P<0.001] and those with advanced T stage (HR
=1.560, 95% CI: 1.459-1.667, P<0.001) had poorer CSS
outcomes.

Initially, the 1- and 3-year CS rates at diagnosis, also
known as traditional 1- and 3-year CSS rates, were 69.6%
and 43.1%. The 1-year CS rates gradually increased to
74.2% at the first conditional year since diagnosis, 83.5%
at the second year, 89.5% at the third year, 91.7% at the
fourth year, and 95.2% at the fifth year. After that, the
I-year CS rates became stable, which was similar to the
rate at the fifth year (Figure 2). This pattern also applied
to the 3-year CS rates, which continuously improved over
time and eventually became stable at the fifth conditional
year since diagnosis, with a rate of 86.2% (Figure 2). The
CS rates of primary nMEC patients according to different
variables increased over time, particularly in subgroups with
lower initial CSS rates at diagnosis (Figure 4). For example,
a significant improvement in CS rates was observed in
patients with T3—4, with CS rates increasing from 33.5% at
diagnosis to 79.8% at 5 years.

The nomogram model was developed using the
proportional hazard model, and it is presented in Figure 5. As
shown in Figure SA and Table 3, each patient’s characteristics
correspond to a certain number of points. The total score
was obtained by adding up the points for all characteristics.
To predict the 1- and 3-year CS probabilities given a certain

© Translational Cancer Research. All rights reserved.
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time since diagnosis for a patient, we used the patient’s total
score and survival time based on Figure 5B,5C.

The calibration curves for 1- and 3-year CS prediction
were close to the standard curve, indicating that the
nomograms had good predictive ability in the training,
internal, and external validation cohorts (Figure 6). The
C-indexes were 0.700 (95% CI: 0.693-0.709) in the training
cohort, 0.693 (95% CI: 0.669-0.717) in the internal
validation cohort, and 0.683 (95% CI: 0.556-0.810) in the
external validation cohort. The 1-year AUC was 0.755
(range, 0.735-0.761) for 10-fold cross-validation, and the
3-year AUC was 0.769 (range, 0.730-0.812), respectively.

Discussion

In our retrospective cohort study, we analyzed data from the
population-based SEER database to investigate the dynamic
survival trends and CS in patients with primary nMEC. We
found that the CS rates improved over time and reached
a stable level by the fifth year, both for the overall study
population and for specific subgroups. We also observed
that the CS rates for subgroups with lower initial survival
rates showed a more pronounced increase over time. We
identified independent prognostic factors and used them
to create nomograms for predicting CS in primary nMEC
patients. The nomograms performed well in internal and
external validation, with a strong predictive power.

Conditional analysis has become increasingly popular
in oncology research (15,16). Unlike traditional survival
statistics, which treat survival rate as a static index, CS more
clearly shows the change in survival rate over time (17). CS
quantitatively displays the dynamic trend of survival risks as
time progresses from diagnosis, better reflecting the reality
of cancer patients. Fukui er 4/. found that CS probabilities
provide more meaningful information than traditional
cumulative survival in patients with resected non-small cell
lung cancer, and patients require a postoperative follow-
up visit for three years (18). In patients with anal cancer,
CS displays improvement over time after diagnosis, with
those in advanced stages tending to experience the greatest
improvement in CS (19).

Nomograms are visualization tools for predicting linear
statistical models. They have been widely used in biomedical
studies and have been shown to have more predictive power
than a single clinicopathologic factor (20). However, there
are few studies that have developed nomograms for CS
probability. Thuret er /. developed and externally validated
a conditional nomogram for predicting cancer-specific
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Figure 3 Kaplan-Meier curves by different characteristics. (A) Age, (B) race, (C) marriage, (D) grade, (E) AJCC stage, (F) surgery. Numbers

at risk are shown below the surviving curves, censored events are marked with cruciforms on the surviving curves, and confidence intervals

are displayed as shaded areas. AJCC, American Joint Committee on Cancer.

mortality in patients with squamous cell carcinoma of the

penis (21). A robust nomogram for predicting survival in

gastric cancer patients who are alive at certain time points
after surgery has also been developed (22). There are no
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studies that have established clinical CS nomograms for

primary nMEC.

Clinical nomograms that predict CS are important for
both clinicians and patients (23,24). For example, consider a
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Table 2 Kaplan-Meier analysis and multivariable Cox analysis in non-metastatic esophageal cancer

Characteristics Kaplan-Meier analysis Multivariable Cox analysis
1-year 3-year P value HR (95% ClI) P value

Gender 0.062

Male 70.3% 43.5%

Female 66.8% 41.6%
Age group <0.001

Young 74.8% 47.9% Reference

Old 65.1% 38.8% 1.141 (1.072-1.214) <0.001
Marriage <0.001

Married 73.2% 471% Reference

Unmarried 64.1% 36.7% 1.157 (1.088-1.232) <0.001
Race <0.001

White 71.0% 44.4% Reference

Black 57.7% 32.1% 1.149 (1.045-1.262) 0.004
Site <0.001

Lower 1/3 72.6% 45.8%

Others 61.7% 36.1%
Histology <0.001

Adenocarcinoma 73.5% 45.6%

Squamous cell carcinoma 60.7% 37.4%
Grade <0.001

Grade I/l 74.3% 48.9% Reference

Grade IlI/IV 64.1% 36.4% 1.357 (1.278-1.441) <0.001
AJCC <0.001

I 77.3% 59.8%

I 721% 45.1%

I} 62.1% 29.8%
AJCC-T <0.001

T1-T2 75.1% 53.3% Reference

T3-T4 64.6% 33.5% 1.560 (1.459-1.667) <0.001
AJCC-N <0.001

NO 73.1% 52.0% Reference

N1 65.9% 33.6% 1.405 (1.315-1.501) <0.001
Surgical treatment <0.001

Yes 84.6% 59.6% Reference

No 52.6% 23.8% 2.786 (2.609-2.975) <0.001
Chemotherapy <0.001

Yes 70.4% 40.6% Reference

No/unknown 67.7% 48.6% 1.465 (1.362-1.575) <0.001
Radiotherapy <0.001

Yes 68.6% 38.7%

No 71.9% 52.7%

AJCC, the American Joint Committee on Cancer; T/N, tumor/node; HR, hazard ratio; Cl, confidence interval.
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Figure 5 Nomogram predicting 1- and 3-year CS probabilities in patients with nMEC. (A) Nomogram, (B) 1-year CS probability plots and

(C) 3-year CS probability plots; in (A), all the scores of different variables for one patient were summed up to obtain a total score; then in (B)

and (C), the 1- and 3-year CS probabilities of this patient given surviving a certain survival time can be achieved according to the total score

and the survival time; (B) as well as (C) is actually a contour map, on which the X-axis represents the total score, the Y-axis represents the

survival time since diagnosis, and the contour lines are CS probabilities. CS, conditional survival; nMEC, non-metastatic esophageal cancer;

AJCC, American Joint Committee on Cancer.

patient with primary nMEC who has been alive for several

years and now comes to a clinician for help. At this point,

the patient is more concerned about their survival risk from

this point forward, rather than the traditional risk since
diagnosis. One key aspect of our study is the development
of CS nomograms that can be easily and quickly applied in

clinical practice. These clinical CS nomograms incorporate

independent prognostic factors and build predictive models,

which have been shown to be more accurate than the single

AJCC TNM staging system (25).

© Translational Cancer Research. All rights reserved.
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In our study, we found that being married was
independently associated with long-term survival in
patients with primary nMEC, consistent with previous
studies (26,27). This may be due to the fact that being
married is accompanied by positive emotions and strong
social support, which can indirectly encourage patients
to fight the disease to some extent (28,29). Cancer grade
and stage remained significant predictive factors of CS
in nMEC patients (27,30). Specifically, more advanced
clinicopathologic factors were associated with poorer

ncer Res 2023;12(10):2693-2705 | https://dx.doi.org/10.21037/tcr-23-185



Translational Cancer Research, Vol 12, No 10 October 2023

Table 3 The score of each variable for the conditional survival

nomograms
Characteristics Scores
Age group
Young 0
Old 13
Marriage
Married 0
Unmarried 14
Race
White 0
Black 14
Grade
i1 0
n/v 30
AJCC-T
T1-T2 0
T3-T4 43
AJCC-N
NO 0
N1 33
Surgical treatment
Yes 0
No 100
Chemotherapy
Yes 0
No/unknown 37

AJCC, the American Joint Committee on Cancer; T/N, tumor/
node.

survival outcomes. Our nomograms showed that surgical
treatment had the largest impact on CS prognosis. Radical
surgery is still the most important approach for most solid
tumors, including primary nMEC (31,32). However, there
was a selection bias in surgical treatment. Patients who
received surgical treatment were more likely to be younger,
have better performance status, have fewer comorbidities,
and respond better to neoadjuvant therapy. These factors
could all improve survival in nMEC patients. Chemotherapy
is also a critical treatment for nMEC patients (33), which

© Translational Cancer Research. All rights reserved.
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Figure 6 Calibration curves for 1- and 3-year conditional survival
prediction. The X-axis indicates model-predicted probabilities;
the Y-axis indicates actual observed risks; blue boxes indicate
1-year survival; orange circles indicate 3-year survival; solid dots
indicate the prediction of training cohort; hollow dots indicate the

prediction of validation cohort.

is consistent with our study. Radiotherapy improved the
prognosis of primary nMEC patients, but in our study, the
protective effect of radiotherapy disappeared.

One of the strongest advantages of this study was the
large sample size. As a large population-based analysis of
the public SEER database, the 9,008 patients in our study
represented the real-world survival of nMEC patients,
resulting in reliable results. Another highlight was that we
developed nomograms to assist clinicians and patients in
easily predicting CS probability, which has been proven
to be effective and practical in many other types of cancer
(21,22,25). For patients with nMEC, CS rates increased
over time, which not only reflects a decrease in mortality
risk as time progresses since diagnosis, but also an increase
in mental and psychological comfort for the patient. As
patients with nMEC survived longer, their prognosis
improved. It might be due to a variety of factors including
the natural course of the disease, the cumulative effect of
treatment, and improvements in the patient’s overall health.

There are some limitations to this study. Firstly, the
current public SEER database lacks some important risk
factors such as demographic, clinical, and pathologic
variables. It also does not provide detailed information on
radiotherapy and chemotherapy plans. Some comorbidities
and complications that occur during the follow-up period
are also not available. These factors should be taken into
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account to correct for the effect of covariates on outcomes.
Secondly, in this study, most of the included variables were
converted into bivariate, which resulted in a loss of clinical
information contained in these variables. Thirdly, as this
was a retrospective cohort study, selection bias is inevitable.
Therefore, further studies are needed to confirm our results.

Conclusions

In this retrospective cohort study, we conducted a CS
analysis to predict the survival trends in primary nMEC
patients. We found that CS rates improved over time and
became stable after a few years. CS probabilities are more
dynamic and meaningful than traditional survival rates
for patients surviving for a relatively longer period. We
also developed and validated nomograms to predict CS
probabilities.
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