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Prognostic nomogram for overall survival of elderly esophageal
cancer patients receiving neoadjuvant therapy: a population-
based analysis
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Background: As the population of elderly patients with esophageal cancer (EC) increases, it becomes more
important to understand the prognostic factors. The aim of the present study is to identify prognostic factors
among elderly (>60 years) patients with EC receiving neoadjuvant therapy.

Methods: Patients with EC (>60 years) receiving neoadjuvant chemotherapy (nCT) or chemoradiotherapy
(nCRT) diagnosed between 2004 and 2015 in the Surveillance, Epidemiology, and End Results (SEER)
database were included and divided into a training group and a validation group. Nomograms were
constructed based on the Cox proportional risk model. Receiver operating characteristic (ROC) curves,
calibration curves, decision curve analysis (DCA), and integrated discrimination improvement (IDI) were
used to evaluate the nomogram model. We determined the optimal cutoff value for the scores in terms of
overall survival (OS) by X-tile software and divided patients into three different risk groups.

Results: A total of 1,392 patients were included [training group (n=976) and a validation group (n=416)].
Male, T stage, M stage, and N stage were revealed as independent risk factors for poor prognosis (P<0.05).
There was no significant difference between nCT and nCRT in prognosis. A novel nomogram model was
established based on the above factors. The ROC curve indicated a moderate discriminative power of the
nomogram. The DCA demonstrated the clinical value of the nomogram. The nomogram model was superior
to the tumor-node-metastasis (TINM) staging system, with an IDI value of 0.006 (P=0.02). Patients classified
as low-risk had a better OS, with P values of <0.001 and <0.001 in the validation cohort and training cohort,
respectively.

Conclusions: The established nomogram and risk-stratification system were able to improve the precision
of prognosis prediction for elderly EC patients.
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Introduction

Esophageal cancer (EC) is one of the most common and
challenging cancer types, with 572,000 newly diagnosed
cases and 500,000 deaths annually (1). In recent decades,
with the aging of the global population (2,3) and the
increase in life expectancy, the number of elderly patients
with EC has gradually increased. Currently, EC occurs
mainly in middle-aged and elderly people. The average age
of EC diagnosis is 67 years, and about 30% of patients are
over 75 years old (4,5). Further, elderly EC patients often
have degenerative diseases that do not tolerate surgery
well and have a high risk of side effects after radiation or
chemotherapy.

Neoadjuvant therapy (chemoradiotherapy in Western
countries, and chemotherapy in Asia, especially in Japan)
plus esophagectomy is still the first-line recommendation
for patients with locally advanced EC. As the population of
elderly patients with EC increases, it becomes more critical
to understand the prognostic factors especially in relation
to the mortality and morbidity of an esophagectomy in
this challenging population. Up to now, population-based
evidence on the prognostic factors in elderly patients with
EC receiving neoadjuvant therapy and esophagectomy is
limited.

In this study, we aimed to identify the prognostic factors
and type of neoadjuvant therapy among elderly EC patients.
Further, we aimed to develop a nomogram for feasible

Highlight box

Key findings
*  We constructed a novel nomogram model for elderly esophageal

cancer patients with neoadjuvant therapy.

What is known and what is new?

¢ Elderly patients had higher short-term mortality and poorer long-
term survival.

e There was no statistical difference in overall survival (OS) between
neoadjuvant chemotherapy or neoadjuvant chemoradiotherapy
for elderly patients with esophageal squamous cell carcinoma or
esophageal adenocarcinoma.

What is the implication, and what should change now?

e T stage, N stage, M stage, and sex were independent OS
prognostic factors. A nomogram, better than the tumor-node-
metastasis staging system, was created. Patients were stratified into
high-, medium-, and low-risk groups, with statistical differences in
long-term survival. High- and medium-risk patients should have
more frequent follow-ups and adjuvant therapy if needed.
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individualized follow-up plans and to assist in clinical
decision making. We present this article in accordance with
the TRIPOD reporting checklist (6) (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-24-392/rc).

Methods
Study design and patient selection

Data used in this study were extracted from the Surveillance,
Epidemiology, and End Results (SEER) database. This
study included patients diagnosed with EC who received
neoadjuvant therapy plus surgery from 2004 to 2015 in
the SEER database. The inclusion criteria were as follows:
(I) diagnosis of primary EC; (II) receiving neoadjuvant
chemoradiotherapy (nCRT) and neoadjuvant chemotherapy
alone (nCT); (III) complete clinicopathological features,
demographic data, and follow-up data; (IV) aged above
60 years. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Variable definitions

Included variables were patients’ demographic characteristics
(age, sex, race, insurance status, and marital status), disease
characteristics (histology, primary site, tumor size, grade, T,
N, and M stages), and neoadjuvant therapy, time to survival,
and life status. We used X-tile software (Yale University,
New Haven, CT, USA) to determine the optimal cutoff
value in age and tumor size for overall survival (OS).
Neoadjuvant treatment was classified into nCRT and nCT.
Under the condition of systemic therapy before surgery or
systemic therapy before and after surgery, patients receiving
neoadjuvant radiotherapy were included in the selection
process, noted as nCRT. The cutoff value was 68 years
for age and between 24 and 59 mm for tumor size. The
primary site included a lower third of the esophagus, middle
third of the esophagus, and upper third of esophagus. The
histological types included adenocarcinoma, squamous
cell carcinoma, and others. Tumor differentiation included
grades I, II, III, and IV. All cases included for further
analysis were staged by the 7" tumor-node-metastasis
(T'NM) staging system.

Statistical analysis

OS was the primary endpoint of the study. First, we
randomly divided the patients into the training and
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From 2004 to 2015, 44,457 patients with
esophageal cancer

Inclusion criteria:
(1) Primary esophageal cancer patients
(2) Patients receiving neoadjuvant therapy

Y

(3) Patients with complete clinicopathologic features,
demographic data, and follow information
(4) Patients aged above 60 years old

Exclusion criteria:
(1) Not receiving neoadjuvant therapy and surgery:
n=39,882
(2) Not first tumor: n=572

y

/

Y

(3) Lacking race, marital, grade, TNM stage, tumor
size information: n=1,545

(4) Age below 60 years old: n=1,048

(5) Unclear sequence of surgery and radiotherapy: n=2

(6) Not beam radiotherapy: n=16

Patients selected for fol

lowing analysis n=1,392

> Randomization ratio: 7:3

y

/

Nomogram establishment: training cohort and
validation cohort

Calibration curves, ROC curves, and DCA were

y

/

applied to evaluate nomogram

Kaplan-Meier analysis of survival differences
among high, middle, and low mortality risk groups

Figure 1 Flowchart of patient selection and analysis procedures. TNM, tumor-node-metastasis; ROC, receiver operating characteristic;

DCA, decision curve analysis.

validation cohorts in a 7:3 ratio. Univariate and multivariate
Cox proportional risk regression analyses of the training
cohort was conducted to identify independent prognostic
factors. Then, a nomogram model was constructed to
predict patients” OS from the identified independent risk
factors. We used receiver operating characteristic (ROC)
curves and the area under the curve (AUC) to evaluate the
discriminant ability of the nomogram model. Calibration
curves were used to measure the agreement between
predicted and actual results and decision curve analysis
(DCA) to evaluate the clinical value of the rosette. X-tile
was used to quickly determine the cutoff values for survival
data. The principle of X-tile to find the best cutoff values
was the “enumeration method”. Different values were
grouped as truncation values for the statistical test, and the
result with the smallest P value was considered the best
cutoff value. We used X-tile software to determine the
optimal cutoff value of risk score and divided the patients
into 3 groups: low, medium, and high risk. We compared

© AME Publishing Company.

the predictive efficacy of the 7" TNM system with the
nomogram model using the integrated discrimination
improvement (IDI) method (7). To verify the accuracy and
performance of the established model, we further evaluated
the predictive power, heterogeneity of predicted results and
actual results, and clinical application value in the validation
cohort. Statistical analysis was conducted using SPSS 25.0
(IBM Corp., Armonk, NY, USA) and R software (version
3.6.1; R Foundation for Statistical Computing, Vienna,
Austria). A P value <0.05 (two-tailed) was considered
statistically significant.

Results

Baseline characteristics in both the training cobort and
validation group

The process of patient screening and data analysis in
this study is shown in Figure 1. From 2004 to 2015, a
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Table 1 The demographic and clinicopathological characteristics in

training cohort and validation cohort

Training cohort
Characteristics 9

Validation cohort

(n=976), n (%) (n=416), n (%)

Age, years

61-68 595 (61.0) 250 (60.1)

>68 381 (39.0) 166 (39.9)
Sex

Women 149 (15.3) 62 (14.9)

Men 827 (84.7) 354 (85.1)
Marital status

Married 727 (74.5) 304 (73.1)

Unmarried 249 (25.5) 112 (26.9)
Race

Black 34 (3.5) 15 (3.6)

White 911 (93.3) 380 (91.4)

Other 313.2) 21 (5.0)
Histology

Adenocarcinoma 701 (71.8) 288 (69.2)

Squamous cell carcinoma 163 (16.7) 75 (18.0)

Other 112 (11.5) 53 (12.7)
T stage

T1-2 262 (26.8) 122 (29.3)

T3-4 714 (73.2) 294 (70.7)
N stage

NO 353 (36.2) 148 (35.6)

N1 623 (63.8) 268 (64.4)
M stage

MO 892 (91.4) 380 (91.4)

M1 84 (8.6) 36 (8.6)
Grade

Grade | 41 (4.2) 17 (4.1)

Grade I 399 (40.9) 167 (40.1)

Grade IlI 525 (53.8) 228 (54.8)

Grade IV 11(1.1) 4 (1.0
Primary site

Lower 790 (80.9) 334 (80.3)

Middle 96 (9.8) 46 (11.1)

Upper 8(0.8) 5(1.2)

Other 82 (8.4) 31 (7.5)

Table 1 (continued)
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Table 1 (continued)

Training cohort ~ Validation cohort
(n=976), n (%) (n=416), n (%)

Characteristics

Tumor size
<24 mm 171 (17.5) 67 (16.1)
24-59 mm 497 (50.9) 223 (53.6)
>59 mm 308 (31.6) 126 (30.3)

Neoadjuvant type
Neoadjuvant chemotherapy 109 (11.2) 40 (9.6)

Neoadjuvant 867 (88.8) 376 (90.4)
chemoradiotherapy

Adjuvant radiotherapy
No 922 (94.5) 392 (94.2)
Yes 54 (5.5) 24 (5.8)
Adjuvant chemotherapy
No 883 (90.5) 382 (91.8)
Yes 93 (9.5) 34 (8.2)

total of 44,457 patients with EC were included in the
SEER database, of which a total of 1,392 patients were
screened for further analysis. The patient selection details
are summarized in Figure 1. Among 1,392 patients who
received neoadjuvant therapy, 149 received nCT, and 1,243
received nCRT. We randomly divided 1,392 patients into
the training cohort (n=976) and validation cohort (n=416)
in a 7:3 ratio. The baseline characteristics in the training
cohort and the validation group are summarized in Zable 1.

Univariate Cox analysis and multivariate Cox analysis

The results of univariate and multivariate Cox analysis
in the training cohort are summarized in Table 2.
Univariate Cox analysis indicated that T stage, M stage,
N stage, pathological grade, gender, and tumor size were
significantly correlated with OS (P<0.05). However,
multivariate Cox analysis indicated that grade and tumor
size were not statistically significant. Cox multivariate
results indicated that T stage, M stage, N stage, and gender
were independent prognostic factors of OS (P<0.05).

Development and validation of a nomogram model

Based on independent prognostic factors, we constructed
a nomogram to predict OS for EC patients at 36, 60,
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Table 2 Univariate and multivariate Cox analysis for esophageal cancer patients receiving neoadjuvant therapy in the training cohort

Characteristics

Univariate Cox analysis

Multivariate Cox analysis

HR (95% ClI) P value HR (95% ClI) P value

Age, years

61-68 1.00

>68 1.09 (0.93-1.27) 0.28
Adjuvant chemotherapy

No 1.00

Yes 0.95 (0.73-1.22) 0.68
Adjuvant radiotherapy

No 1.00

Yes 0.98(0.72-1.38) 0.98
Grade

Grade | 1.00 1.00

Grade Il 1.25 (0.82-1.92) 0.30 1.19 (0.78-1.83) 0.42

Grade llI 1.63 (1.07-2.49) 0.02 1.49 (0.98-2.27) 0.07

Grade IV 1.28 (0.52-3.14) 0.59 1.29 (0.52-3.17) 0.58
Histology

Adenocarcinoma 1.00

Squamous cell carcinoma 0.85 (0.68-1.05) 0.12

Other 0.99 (0.78-1.26) 0.13
M stage

MO 1.00 1.00

M1 1.54 (1.20-1.99) 0.001 1.47 (1.13-1.9) 0.004
Marital status

Married 1.00

Unmarried 1.09 (0.92-1.30) 0.31
N stage

NO 1.00 1.00

N1+ 1.67 (1.42-1.98) <0.001 1.56 (1.32-1.85) <0.001
Primary site

Upper 1.00

Middle 0.94 (0.38-2.33) 0.89

Lower 1.21 (0.50-2.92) 0.67

Other 1.51 (0.61-3.76) 0.37
Race

Black 1.00

White 1.33 (0.86-2.05) 0.37

Other 0.9 (0.46-1.74) 0.75

Table 2 (continued)

© AME Publishing Company.
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Table 2 (continued)
Univariate Cox analysis Multivariate Cox analysis
Characteristics
HR (95% ClI) P value HR (95% ClI) P value

Neoadjuvant type

Neoadjuvant chemoradiotherapy 1.00

Neoadjuvant chemotherapy 1.01 (0.80-1.28) 0.92
Sex

Female 1.00 1.00

Male 1.33 (1.06-1.66) 0.0013 1.3 (1.04-1.62) 0.023
T stage

T1-2 1.00 1.00

T3-4 1.47 (1.22-1.76) <0.001 1.26 (1.04-1.53) 0.016
Tumor size

<24 mm 1.00 1.00

24-59 mm 1.24 (1-1.55) 0.05 1.08 (0.86-1.35) 0.51

>59 mm 1.36 (1.08-1.72) 0.01 1.06 (0.83-1.36) 0.62

HR, hazard ratio; Cl, confidence interval.

and 84 months (Figure 2). Time-dependent ROC curves
showed that the nomogram could effectively predict OS,
and the prediction power of the model was promising
(Figure 3). The AUC was 0.628, 0.643, and 0.659 at 36,
60, and 84 months, respectively, in the training cohort.
The AUC was 0.612, 0.625, and 0.628 at 36, 60, and 84
months, respectively, in the validation cohort. At the same
time, the nomogram had a higher prediction accuracy
than each single independent prognostic factor included
in the model (Figure 4). The nomogram correction curve
showed a high degree of agreement between the predicted
and actual results in the training and validation queues
(Figure 5). DCA confirmed that the established model had
strong clinical applicability not only in the training cohort
but also in the validation cohort (Figure 6).

Risk stratification and Kaplan-Meier analysis

We divided the participants into a low death risk subgroup,
a medium death risk subgroup, and a high death risk
subgroup according to the nomogram score by X-tile
software. Patients in the low-risk subgroups had scores
below 5, whereas the high-risk subgroups had a score of
10. The medium death risk subgroup had score ranging
from 5 to 10 (Figure 7). Subgroup analysis of elderly EC

© AME Publishing Company.

patients receiving neoadjuvant therapy indicated that when
the patients were classified as low risk, they tended to
have a better long-term prognosis, with P values of <0.001
and <0.001 in the validation cohort and training cohort,
respectively.

Comparison with TNM staging system

IDI to compare the predictive ability of nomogram model
and TNM stage system. Compared to TNM system, IDI >0
indicated that established model had better predictive value.
We used IDI to compare the predictive ability of 60-month
OS between the nomogram model and the TNM stage
system. The IDI value was 0.006 [95% confidence interval
(CI): 0.001-0.016, P=0.02], indicating good predictive
power of the established model (Figure §).

Discussion

A previous study indicated that EC survival improved
gradually and consistently in American adults from 1973
to 2009 (8). The reasons behind this were not only early
detection of EC but also the benefit of neoadjuvant
therapy and improved surgical techniques. However, a
study suggested that elderly patients had higher short-
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Figure 2 A nomogram was constructed to predict OS at 36, 60, and 84 months for patients receiving neoadjuvant therapy. This nomogram
is designed for prognostic prediction in elderly patients with EC. For example, a patient is female, with a T stage of T3-T4, an M stage of
MO, and an N stage of N1. The size of the boxes represents the distribution for each categorical variable. The importance of each variable
is ranked according to the standard deviation along the nomogram scales. To utilize the nomogram, the specific points (black dots) for an
individual patient are identified on each variable axis. Red lines and dots are then drawn upward to determine the points allocated to each
variable. The cumulative points [158] are then located on the Total Points axis. From this point, a line is drawn downward to the survival
axes to estimate the probability of OS at 36 months (70.3%), 60 months (63.0%), and 84 months (50.9%). *, P<0.05; **, P<0.01; ***, P<0.001.

OS, overall survival; EC, esophageal cancer.
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Figure 3 ROC curves for survival prediction of patients receiving neoadjuvant therapy. (A) ROC curves of 36, 60, and 84 months in the
training cohort; (B) ROC curves of 36, 60, and 84 months in the validation cohort. TP, true positive rate; FP, false positive rate; AUC, area

under the curve; ROC, receiver operating characteristic.
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Figure 4 ROC curves for survival prediction of patients receiving neoadjuvant therapy. The ROC curves of nomogram and all independent
predictors at (A) 36, (B) 60, and (C) 84 months in the training cohort and at (D) 36, (E) 60, and (F) 84 months in the validation cohort.

AUC, area under the curve; ROC, receiver operating characteristic.

term mortality rate and poorer long-term survival (9).
Thus, how to deal with elderly EC patients has remained
a challenge for thoracic surgeons. To our knowledge, this
was the first study focusing on the factors affecting the
long-term survival of elderly EC receiving neoadjuvant
treatment (including nCRT and nCT) plus surgery based
on a population analysis. We found that T stage, M stage,
N stage, and sex were independent prognostic factors of
OS. A reliable prognostic nomogram with better predictive
ability than the TNM stage system was established. Further,
we also stratified patients into 3 categories (high-, medium-,
and low-risk groups) according to different clinical and
pathological manifestations, which showed statistical
differences in the long-term survival in both training and
validation cohorts. Based on this model, patients in high- or
medium-risk groups should have a more active and frequent
follow-up and receive adjuvant therapy if necessary.

The pathological grade was used as an independent
prognostic factor in previous reports (10,11). A study

© AME Publishing Company.

showed that poorly differentiated EC indicated a worse
prognosis due to the higher rate of lymph node metastasis
and distant organ metastasis rate (12), and a significant
relationship between liver metastasis rate and pathological
grade was detected. The pathological grade could guide
adjuvant therapy after surgery (13), as patients with poorly
differentiated tumors respond better to nCRT than those
with well- or moderately-differentiated tumors (14).
However, we found that pathological grade was not a risk
factor in elderly EC patients. This finding was consistent
with the 8" edition of the American Joint Committee
on Cancer (AJCC), which excluded pathological grade
diagnosis after neoadjuvant treatment as a stage factor.
Esophageal squamous cell carcinoma (ESCC) is still the
most common subtype of EC in the Asian population. In
recent years, esophageal adenocarcinoma (EAC) has been
the major subtype in Western countries and one of the
fastest growing cancers (15). The pathological type in this
study did not suggest statistical significance in OS, which
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was consistent with AJCC 8", The TNM stage is the most
popular tool for the prediction of long-term prognosis. For
patients with lymph node metastasis, although a systematic
lymph node dissection had been performed, many of
them were performed in only 2 or 2.5 fields of lymph
node dissection due to the limitation of the patients’ own
conditions (lung function and advanced heart function) or
the complicated anatomical position. Due to the inability
to completely clear the cancer cells, potential metastasis
or micro metastasis of the lymph nodes may occur, which
has a great impact on the patient’s prognosis (16-18).
Additionally, if radical esophagectomy is not performed,
patients are more likely to develop distant metastases.

We found that sex was another prognostic factor.
Compared with men with EC, women with EC had a better
prognosis. Kauppila et 4l. found that compared with men,
all-cause death was reduced in women with ESCC [hazard
ratio (HR) =0.73, 95% CI: 0.63-0.85]. Stratified analysis
showed that mortality was reduced in women over 55 years
of age (HR =0.71, 95% CI: 0.61-0.83), especially stage 0-I
(HR =0.54, 95% CI: 0.37-0.79). There was no difference in
the mortality results of EAC regarding to sex (11). Bohanes

© AME Publishing Company.

et al. also found that in comparison with men, women (aged
55 years old) with locally advanced EC had a significantly
better outcome (12). The possible mechanisms of the
long-term prognosis difference between men and women
were reported: estrogen receptors (ERs) were expressed in
ESCC, and estrogens could inhibit squamous cell tumor
growth (14,19); carcinogenic human papilloma virus (HPV)
played an important role in the pathogenesis of ESCC in
high-risk areas (20,21).

The location of EC was also a prognostic factor in the
previous report. However, in this study, there was not a
significant difference, which was consistent with previous
report (22). Compared with the earlier surgical method,
it was difficult for the upper third thoracic EC to achieve
completely radical resection of lymph nodes. Further,
the intraoperative and postoperative risk (intraoperative
bleeding or anastomotic leak) was higher than those
in the middle or lower third. With the development of
neoadjuvant therapy, now, downstaging could be achieved
through neoadjuvant treatment, making it more possible
to achieve a suitable state for esophagectomy. Further,
with the development of minimally invasive techniques,
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especially the method of laryngeal recurrent nerve lymph
nodes dissection, the safety, and efficacy of esophagectomy

in upper thoracic EC has also gained remarkable progress.

A previous study has concluded that nCRT was not

© AME Publishing Company.

superior to nCT in the long-term for patients with
EAC (22). Based on our analysis, there was no statistical

difference in OS between nCT and nCRT for the elderly

patients with ESCC or EAC, which suggested that nCT
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and nCRT were both acceptable for elderly ESCC. This
finding was in contrast to the previous report on ESCC,
which concluded that nCRT seems to remain the optimal
treatment approach for ESCC (23). Previous studies have
indicated that radiotherapy could cause more potential
treatment-related complications, such as acute toxic
reactions, radiation esophagitis, radiation pneumonia, and
pericardial effusion (24-28), and the above complications
may cause significant decreases in patient quality of life.
Considering the treatment-related adverse events and
difficulty in quality control of radiotherapy, it and maybe a
better choice for elderly ESCC in both EAC and ESCC.

To our knowledge, research on the characteristics and
treatment of elderly EC patients is relatively limited. In
this study, we established a reliable nomogram and risk-
stratification system to predict the OS of elderly EC
patients receiving neoadjuvant therapy. Compared to the
TNM system, the present model had better predictive ability
based on the IDI analysis (IDI =0.006, P=0.02). There are a
multitude of other tools that exist. Gabriel et a/. established
a tool included Charlson-Deyo comorbidity score, tumor
grade, clinical T and N status, and nCRT before surgery
to predict OS of patients with esophageal adenocarcinoma
(AUC =0.630 for 1-year OS, and AUC =0.682 for 3-year
0OS) (29). Lemini er al. evaluated existing models and
performed external validation of selected model to predict
the OS of EC and found that the existing model require
implementation in clinical practice to optimize their clinical

© AME Publishing Company.

utility (30). Considering the elderly patients had poorer
outcomes, we developed a special model to predict patients
receiving nCT or nCRT for elderly EC. Considering the
insufficient variables in SEER database, the AUC value of
this model was moderate, and should be further refined.

However, our study had several limitations. First, most of
the patients included in the SEER database were Caucasian,
and most of the pathological types were EAC, which limits
the application of this model in the Asian population with
ESCC. Second, this model was only verified internally.
There was no external validation to further confirm this
model. Third, we were unable to extract information about
the general conditions and complications of elderly patients
from the SEER database, which may affect the treatment
choice of patients, and perioperative complications were
associated with long-term prognosis, which both caused
potential bias. Fourth, there was insufficient information
about why patients received nCT rather than nCRT.
Fifth, there were no details on the type of chemotherapy
used or the radiation dose delivered. Sixth, there might
survivor bias, which caused by the difference of tolerance of
neoadjuvant therapy.

Conclusions

In this study, we constructed a novel nomogram model
for elderly EC patients. This nomogram can predict the
OS for elderly EC patients, enabling timely follow-up and
postoperative treatment.
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