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Abstract

Background: Esophageal cancer (EC) is a common and lethal carcinoma; however, the effectiveness and feasibility
of the chemo- and radio-therapy (CRT) for the elderly patients (> 70 years) with surgery have not been fully discussed.
The purpose of this study was to investigate the potential effect of CRT on the prognosis.

Methods: A total of 1085 patients (534 CRT patients vs. 551 non-CRT patients) from 1998 to 2016 were collected
from the Surveillance, Epidemiology, and End Results database according to the inclusion and exclusion criteria. Using
the competing risk regression and survival analysis, an overall estimation of the effectiveness of CRT was performed
on a well-balanced cohort via performing propensity score matching. Then, the specific impact of CRT on high-
(n=557) and low-risk (n =528) cohorts derived from the nomogram’s risk quantification for every patient were fur-
ther evaluated respectively. Additionally, the advantages of the nomogram model and the conventional tumor, node,
metastasis (TNM, 6th revision) staging system were compared.

Results: A better survival outcome was observed among patients receiving both surgery and CRT than those who
underwent surgery alone (HR: 0.55, 95% Cl 0.45-0.68, P<0.001), especially for those with tumors characterized by
poor differentiation, large tumor size, advanced T staging, lymphatic metastasis, and distant metastasis (HR: 0.48, 95%
C10.39-0.59, P<0.001), while no benefit was observed among the low-risk patients. Furthermore, the newly estab-
lished nomogram model might be better than the TNM (6th revision) staging system but more data needed.

Conclusion: Aggressive treatments, such as surgery, chemotherapy, and radiotherapy, were considered effective for
selected elderly patients with EC according to the newly established nomogram model.
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Background

Esophageal cancer (EC) is a common upper gastrointes-
tinal tract carcinoma with high morbidity and mortal-
ity worldwide, with approximately 5.5% of new digestive
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tumor cases and 2.7% of tumor mortality in 2020 [1]. The
incidence is considered to be increasing [2], especially in
some developing and deprived regions such as East Asia
and Southern and Eastern Africa [3]. In most parts of
North America and Europe, the incidence of esophageal
squamous cell carcinoma is decreasing, while the inci-
dence of esophageal adenocarcinoma is increasing [4,
5]. For example, in the United States, the age-adjusted
incidence rate of esophageal adenocarcinoma increased
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from 1.8 per 100,000 in 1987-1991 to 2.5 per 100,000 in
1992-1996 [6]

Recently, to improve the quality of life and prolong the
survival time, progress on treatments has been made,
including minimally invasive surgery for early stage EC
[7], neoadjuvant chemotherapy for potentially resectable
EC histologically confirmed as squamous cell carcinoma
[8] or adenocarcinoma [9] at a locally advanced stage,
and immune checkpoint inhibitors for advanced EC [10].
Furthermore, to increase the resection rate in the early
stage (T stage>T1), to prolong survival, and to relieve
the uncomfortable symptoms in the advanced stage, the
combination of chemotherapy and radiotherapy is the
most preferred treatment in addition to surgery accord-
ing to the National Comprehensive Cancer Network
guidelines, except for patients with poor physical condi-
tions [11]. Despite this, owing to its extremely aggressive
behaviors and insensitivity to the conventional treatment,
the prognosis is still poor, accounting for 15-25% of the
overall 5-year survival rate worldwide [2]. Numerous
studies [12—14] have indicated that old age is a risk factor
for reducing the survival probability of patients. Because
EC patients aged >70 years are not considered candi-
dates in regular clinical trials [15] due to their declining
physiological function and underlying comorbidities,
data concerning the management is limited and the prin-
ciple of treatment remains unclear [16]. However, with
the aging global population, it is urgent to explore the
roles of conventional treatments, including chemother-
apy and radiotherapy, in elderly patients with EC based
on the existing data.

To facilitate clinical decision-making for elderly
patients with EC, we analyzed the impact of chemo- and
radio-therapy (CRT, not to be confused with chemora-
diotherapy) on the elderly patients with EC undergoing
surgery based on a cohort from the Surveillance Epidemi-
ology and End Results (SEER) database. First, we estimate
the general impact of CRT based on two well-comparable
cohorts processed by propensity score matching (PSM).
To further identify the specific patient subgroup that
might benefit from CRT, a nomogram model was estab-
lished to measure the risk for every patient based on indi-
vidual characteristics, which could be further labeled as
high risk (high score) or low risk (low score) according to
the median score of the whole cohort. Finally, predictive
models were created to measure the effects of CRT on a
specific population.

Methods
The study was approved by the Institutional Ethical Com-
mittee of Shengzhou People’s Hospital (approval number:
2020-03).
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Study population

This study collected data from the patients registered
in the United States SEER cancer registries from 1998
to 2016. The inclusion criteria were as follows: (a)
patients who underwent esophagectomy; (b) histologi-
cally diagnosed esophageal squamous cell carcinoma
or esophageal adenocarcinoma; and (c) age at diagno-
sis >70 years. The exclusion criteria were as follows:
(a) patients with missing demographic or clinical infor-
mation (sex, race, histological type, tumor size, etc.);
(b) received chemotherapy or radiotherapy alone; and
(c) survival time shorter than 1 month. Following the
inclusion and exclusion criteria, 1085 eligible patients
(534 CRT patients vs. 551 non-CRT patients) were
selected for the further analysis (Fig. 1). The median
age of the patients was 75 years (rang 72-78 years).

Data collection

Cases histologically confirmed with EC according to
the International Classification of Diseases in Oncology
(ICD-0O-3) from 1998 to 2016 were identified from the
SEER database, an open database available at https://
seer.cancer.gov/, using SEER*Stat Software (version
8.3.8) [17]. The “SEER Combined Stage Group (2016+)”
was derived from the patients from 2004 to 2015, who
were also classified by the tumor, node, metastasis
(TNM, 6th revision) staging system, indicating that
the above two staging standards could be combined to
evaluate the disease. The tumor size was exactly deter-
mined by the record including “EOD 10—size (1988-
2003),” “CS tumor size (2004—2015), or “tumor Size
Summary (2016+),, because the measurement stand-
ards in the past 30 years were different.

Covariates

To facilitate statistical analysis, some demographics and
clinical covariates were modified based on our clinical
and research experiences: race was defined as “white”
or “other races (black, American Indian/Alaska Native,
Asian/Pacific Islander),” histological type was defined
as “squamous cell carcinoma” or “adenocarcinoma,
and histological grade was defined as “I+1I (well or
moderate differentiation grade)” or “III+IV (poorly
or undifferentiation grade) grade” Then, a matrix was
built containing the information for race, age at diagno-
sis, marital status at diagnosis, primary tumor location,
histological type and grade, TNM staging system (6th),
tumor size, treatment record, survival status, survival
time, and cause of death for every patient.


https://seer.cancer.gov/
https://seer.cancer.gov/
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(1)undergone esophagectomy

(3)age at diagnosis > 70 years old

Patients included in this study from SEER(n = 3709)

(2)histologically diagnosed esophageal squamous cell
carcinoma or esophageal adenocarcinoma

Y
Cohort study(n=1085)

Patients excluded in this study

(1)patients with missing demographic and clinical
information: race(n = 7), marital status(n = 110),
primary tumor locatin(n = 303), histological grade(n
=410), T stage(n =1291), lymph node(n = 15),
metastasis(n = 3), tumor size(n = 321), cause of
death(n = 6), radiotherapy record(n = 11)

(2) received chemotherapy or radiotherapy alone(n =
123)

(3) survival time shorter than 1 month(n = 24)

A

A

CRT* cohort (n = 534)

non-CRT cohort (n=551)

Fig. 1 The flowchart of the present study. ®*CRT chemo- and radio-therapy

Statistical analysis

R-software packages of “Matchlt” and “cobalt” were
used to conduct the PSM; packages of “survival’
“emprsk,” and “survminer” were used to establish
competing risk models; packages of “mstate,” “riskRe-
gression,” and “rmda” were used to build nomogram,
calibration curves, and decision curve analysis. Cat-
egorical variables described as counts and relative per-
centages were compared using the x? test, and P<0.05
was considered statistically significant.

Next, the whole-population cohort was divided into
CRT and non-CRT groups through 1:1 nearest neighbor
PSM with a caliper of 0.08. The sub-distribution hazard
ratio (sHR) and hazard ratio (HR) were calculated to
estimate the probability of cancer-specific death (CSD)
and overall survival (OS), and the results were presented
using the cumulative incidence function curves and
Kaplan—Meier curves [18, 19], respectively. Love-plot
[20] and x* tests were performed to assess the effective-
ness of PSM. Next, the whole-population cohort was
randomized into training and validation sets at a ratio of
7:3. Based on the training set, univariate and multivari-
ate competing risk models were established to select the
key risk factors for CSD. Then, high- and low-risk groups
were derived according to the risk score from the nomo-
gram model built on the above risk factors. The impact
of CRT on the two specific groups was then estimated.
Furthermore, in both the training and validation sets,
concordance indexes (c-index) were calculated to show

the discrimination, and calibration curves were drawn to
measure the consistency between the actual and expected
values. Finally, a decision curve analysis was conducted
to measure the superiority of the nomogram model over
the conventional TNM staging system.

Results

Analysis in the post-match cohort

Based on the inclusion and exclusion criteria, 1085
patients were selected and grouped into the CRT and
non-CRT cohorts. Propensity matching based on the
individual characteristics of patients was then per-
formed to the two cohorts; some patients that were not
matched were censored. Eventually, 278 patients in the
CRT cohort and 278 patients in the non-CRT cohort
were included for further analysis. Before matching, only
the distributions of sex (P=0.2), race (P=0.372), pri-
mary tumor location (P=0.225), tumor histological type
(P=0.154), and distant metastasis (P=0.173) between
the CRT and non-CRT cohorts were similar. However,
all variables’ distributions became balanced after match-
ing (Table 1, Additional file 1: Fig. S1), indicating a good
comparability between the two post-match cohorts.

The competing regression and Cox regression models
were constructed to identify the patients who received
CRT that had lower probabilities of CSD (Fig. 2a, sHR:
0.55, 95% CI 0.43-0.7, P<0.001) and better survival out-
comes (Fig. 2b, CRT vs. non-CRT, HR: 0.55, 95% CI 0.45—
0.68, P<0.001) than those who did not receive CRT.
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Table 1 Clinical characteristics before and after PSM according to CRT or not

Variables Before matching P?value After matching P value

CRTN=534 (%) Non-CRT N=551 (%) CRTN=277 (%) Non-CRT N =277 (%)

Sex 0.2 0.84
Male 443 (82.96%) 426 (77.31%) 212 (76.53%) 214 (77.26%)
Female 91 (17.04%) 125 (22.69%) 65 (23.47%) 63 (22.74%)

Race 0372 0.659
White 498 (93.26%) 506 (91.83%) 250 (90.25%) 253 (91.34%)
Other races® 36 (6.74%) 45 (8.17%) 27 (9.75%) 24 (8.66%)

Marriage 0.004 0.154
Married 386 (72.28%) 354 (64.25%) 188 (67.87%) 172 (62.09%)
Unmarried 148 (27.72%) 197 (35.75%) 89 (32.13%) 105 (37.91%)

Location 0.225 0.31
Upper third 10 (1.87%) 15 (2.72%) 8 (2.89%) 10 (3.61%)
Middle third 82 (15.36%) 102 (18.51%) 62 (22.38%) 48 (17.33%)
Low third 442 (82.77%) 434 (78.77%) 207 (74.73%) 219 (79.06%)

Histology 0.154 0.089
SCC 106 (19.85%) 129 (23.41%) 87 (3141%) 69 (24.91%)
Adenocarcinoma 428 (80.15%) 422 (76.59%) 190 (68.59%) 208(75.09%)

Grade® 0.009 0.173
[+l 278 (52.06%) 330 (59.89%) 153 (55.23%) 137 (49.46%)
=+ 1v 256 (47.94%) 221 (40.11%) 124 (44.77%) 140 (50.54%)

Size 0 0.341
<33mm 354 (66.29%) 196 (35.57%) 171 (61.73%) 160 (57.76%)
>33 mm 180 (33.71%) 355 (64.43%) 106 (38.27%) 117 (42.24%)

T stage 0 0.08
T 9 (11.05%) 298 (54.08%) 7 (20.58%) 63 (22.74%)
T2 ( 7.04%) 80 (14.52%) ( .1%) 48 (17.33%)
T3 347 (64.98%) 160 (29.04%) 133 (48.01%) 153 (55.23%)
T4 37 (6.93%) 3 (2.36%) 23 (8.3%) 3 (4.69%)

Lymph node 0 0.932
Positive 371 (69.48%) 404 (73.32%) 138 (49.82%) 139 (50.18%)
Negative 163 (30.52%) 147 (26.68%) 139 (50.18%) 138 (49.82%)

Metastasis 0.173 0.6
Yes 25 (4.68%) 7 (3.09%) 19 (6.86%) 16 (5.78%)
No 509 (95.32%) 534 (96.91%) 258 (93.14%) 261 (94.22%)

CRT chemo- and radio-therapy, SCC squamous cell carcinoma
2The P values of comparing CRT and non-CRT calculated by the using x? test
b Other races: Black, American Indian/Alaska Native, Asian/Pacific Islander

< I: well differentiation; Il: moderate differentiation; Ill: poor differentiation; IV: undifferentiation

Analysis in the pre-match cohort

To further study the effect of CRT on specific elderly
(=70 years) patients, the 1085 patients were randomly
divided into training (n=761) and validation (n=324)
sets. In the training set, the univariate and multivariate
analysis of competing risk models were performed to
estimate probabilities of CSD; as a result, poorly or un-
differentiated grade, tumor size >33 mm, T stage >T1,
positive lymph nodes, and metastasis diseases had been

associated with increased risk of CSD (Table 2). In addi-
tion to the key factors mentioned above, the primary
tumor location, which is considered a vital factor for
prognosis [21], was also selected for further analysis.

A nomogram was established based on the variables,
including primary tumor location, histological grade,
tumor size, T stage, lymphatic status, and distant metas-
tasis, with the purpose of predicting the possibility of
CSD in the next 1, 3, and 5 years (Fig. 3). Based on the
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Fig. 2 a Cumulative incidence estimates of cancer-specific death for patients with or without chemo- and radio-therapy (CRT) in the post-match
cohort; b Overall survival of the post-match population with or without CRT. 2CRT chemo- and radio-therapy, °CSD cancer-specific death
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risk score for each person derived from the nomogram,
1085 patients could be separated into high- (n=557) and
low-risk (n=528) cohorts by a median score of 98 (high
risk, score > 98; low risk, score <98). Next, the compet-
ing regression model was used to show that high-risk
patients whose tumors were characterized as having
poor differentiation, large tumor size, advanced T stag-
ing, lymphatic metastasis, and distant metastasis were
more likely to benefit from CRT for lower probability of
CSD (Fig. 4a, sHR: 0.53, 95% CI 0.42-0.66, P<0.001) and
better overall survival outcome (Fig. 4c, HR: 0.48, 95% CI
0.39-0.59, P<0.001). However, no marked benefits were
observed among the low-risk patients who received addi-
tional treatment (Fig. 4b, sHR: 1.01, 95% CI 0.71-1.45,
P=0.95; Fig. 4d, HR: 1.07, 95% CI 0.8-1.42, P=0.651).
In addition, the calibration curves showed that the 1-,
3-, and 5-year predictive probabilities of CSD matched
well with the actual ones both in the training (Additional

file 2: Fig. S2A, C, and E) and validation (Additional file 2:

Fig. S2B, D, and F) sets. Furthermore, the decision curve

analysis (Additional file 3: Fig. S3A—C) and the c-indexes
for the competing risk regression model (0.636 and 0.648
in the training and validation sets, respectively) were

just slightly higher than those for the TNM staging sys-
tem (0.629 and 0.635 in the training and validation sets,
respectively), indicating the discriminative superiority of
the nomogram model over the TNM model for predict-
ing survival outcomes needed more data to be proven.

Discussion

With the extension of life expectancy, more EC patients
would be present in those aged > 60 years [22]. A Chinese
study indicated an increased incidence and mortality
among the patients aged > 70 years compared to other age
stratifications [23], leading to a sharp increase in health-
care costs in both developing [24] and developed [25]
countries. However, guidelines that specifically address
the management of elderly patients with EC are rare, and
only a few studies refer to the topics of evaluation and
treatment for the elderly.

In the present study, based on the post-PSM cohort,
we found that CRT could have a positive impact on CSD
and OS in elderly patients. Univariate and multivariate
competing regression models were performed to iden-
tify poor histological differentiation, and advanced T
stage and positive lymph node status were significantly
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Table 2 Sub-distribution hazard ratio (sHR) of characteristics for cancer-specific death in univariate and multivariate competing risk

models
Characteristics Univariate analysis Multivariate analysis
sHR 95% Cl P value sHR 95% Cl P value

Race

White 1 (Ref)

Other races® 1.21 0.85-1.72 0.29
Sex

Male 1 (Ref)

Female 1.09 0.85-14 0.5
Marriage

Unmarried 1 (Ref)

Married 1.06 0.83-1.34 0.65
Location

Upper third 1 (Ref)

Middle third 1.1 0.55-2.18 0.8

Low third 0.82 042-1.58 0.55
Histology

Adenocarcinoma 1 (Ref)

ScC 1.1 0.85-1.42 046
GradeP®

[+l 1 (Ref) 1 (Ref)

41V 193 1.56-24 <0.001 1.57 1.26-1.96 <0.001
Size

<33 mm 1 (Ref) 1 (Ref)

>33 mm 2.14 1.71-2.68 <0.001 1.34 1.04-1.75 0.026
T stage

T1 1 (Ref) 1 (Ref)

T2 1.95 1.35-2.81 <0.001 1.5 1.01-2.22 0.046

T3 312 233-4.18 <0.001 1.95 1.36-2.81 <0.001

T4 6.14 3.8-9.93 <0.001 33 1.88-5.76 <0.001
Lymph node

Negative 1 (Ref) 1 (Ref)

Positive 245 1.96-3.06 <0.001 1.51 1.17-1.96 0.002
Metastasis

No 1 (Ref) 1 (Ref)

Yes 258 1.64-4.06 <0.001 1.68 1.07-2.65 0.024

Cl confidence interval, SCC squamous cell carcinoma
@ Other races: Black, American Indian/Alaska Native, Asian/Pacific Islander
b|: well differentiation; IIl: moderate differentiation; Ill: poor differentiation; IV: undifferentiation

correlated with higher probability of CSD. Furthermore,  nutritional index (P=0.016) [28]. Furthermore, larger
tumor size and distant metastasis were also considered  tumor size was a predictive factor for identifying
key factors in predicting the prognosis of EC. Kamel etal.  patients with EC who might have a higher rate of resec-
indicated that the size of malignancy (HR=1.005) was tion through neoadjuvant therapy [29] Regarding distant
a significant independent predictor of CSD in TINOMO  metastasis, after reviewing 838 patients with EC between
patients based on the SEER database [26]. Malnutri- 1982 and 1993, Quint indicated metastases were com-
tion status was correlated with poor survival [27], while  monly diagnosed in the lymph nodes, liver, lung, bone,
the esophageal tumor size was significantly correlated  adrenal, etc., determining further management and pre-
with nutritional status, as measured by the prognostic  dicting prognosis [30]. Finally, the different anatomical
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Fig. 3 Nomogram predicting 1-, 3-, and 5-year probabilities of cancer-specific death for esophageal cancer patients based on the training cohort

(See figure on next page.)

Fig. 4 a Cumulative incidence estimates of cancer-specific death (CSD) for esophageal cancer (EC) patients with or without chemo- and
radio-therapy (CRT) in the high-risk group. b Cumulative incidence estimates of CSD for EC patients with or without CRT in the low-risk group. c
Overall survival (OS) of EC patients with or without CRT in the high-risk group; d OS of EC patients with or without CRT in the low-risk group. °CRT

chemo- and radio-therapy, BCSD cancer-specific death
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locations of ECs are also usually correlated to the thera-
peutic response and survival outcome. The upper third
was commonly associated with the poor prognosis, but
tended to be more sensitive to the chemoradiotherapy
[21].

Based on the Fig. 4, CRT was shown to decrease the
probability of CSD and to improve the survival in the
high-risk group, however, no significant benefits were
observed in the low-risk group. The above results indi-
cated the necessity of selective administration of CRT to
the elderly patients. Some related studies had been con-
ducted to answer this question. As for chemotherapy, the
OEO-2 trial conducted by the Medical Research Council
of the United Kingdom showed that receiving regimens
of cisplatin and 5-fluorouracil before surgery (n=286)
could prolong the survival of patients aged>75 years
(HR=0.7), compared to those receiving surgery alone
(n=79) [31]. A randomized trial in Germany indicated
that, compared to the double combinations of 5-fluoro-
uracil, leucovorin, and oxaliplatin, a triple combination
of 5-fluorouracil, leucovorin, oxaliplatin, and docetaxel
could improve the therapeutic response and progres-
sion-free survival in patients aged 65-70 years, which
was associated with a higher incidence of side effects of
diarrhea (P=0.006), alopecia (P<0.001), neutropenia
(P<0.001), nausea (P=0.029), and leukopenia (P<0.001)
[32]. Regarding radiotherapy, the CROSS trial found that
chemoradiotherapy after surgery was more favorable for
patients with a median age of 60 years, compared to sur-
gery alone [33]. The median OS was 48.6 months versus
24.0 months, respectively (HR: 0.68, P=0.003). Contrary
to the above findings, a multicenter randomized phase III
trial of FFCD 9901 involving 195 patients with a median
age of approximately 60 years, investigated the effect of
neoadjuvant chemoradiotherapy on patients with early
stage EC and found no significant positive impact on the
rate of RO resection or survival prognosis; although the
mortality after surgery was increased [34].

Generally, it is widely accepted that both the chemo-
therapy and radiotherapy could exert a positive effect
on the survival of elderly patients with EC. For instance,
after reviewing 21,593 EC patients aged >70 years from
the National Cancer Database, Gregory et al. pointed out
that any cancer-related treatment could play a positive
role in prolonging the survival of elderly patients with
EC [35]. Similarly, Daniela et al. used the SEER database
(2001-2009) to show that an improved 5-year survival
could be observed in elderly patients (> 65 years) receiv-
ing any medical or surgical therapy [36]. However, the
possible limitations in these studies were that the authors
did not use a competitive risk model to avoid the interfer-
ence of non-CSDs in the survival analysis. Furthermore,
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considering the balance between benefits and harms
from therapies in the elderly population, it was vital to
identify the specific population that tended to benefit or
suffer from the anti-tumor treatment, which was usually
absent in most current studies.

The present study has several limitations. First, it was
a retrospective study based on the SEER database, cover-
ing only 30% of the population of the United States [37]
and with poor representation of the variable incidence
and prognosis of EC worldwide [38]. Second, the quali-
fied patients involved in our study were not sufficient to
develop a strong nomogram mode with considerable net
benefit and c-index; in particular, numerous cases were
lost during the process of nearest neighbor matching.
Third, some important information such as the quality of
life, complications, and treatment protocols were absent
in the SEER database; therefore, further analysis of cer-
tain specific subgroups could not be performed. Moreo-
ver, surgical margin and scope closely correlated with the
prognosis of EC patients were also absent, which weak-
ened the predictive strength and stability of the model
[39]. Last, due to the lack of specific time-points for
treatment, a clear causal relationship between treatment
and prognosis could not be demonstrated.

Conclusion

Based on the post-PSM cohorts, we found that CRT
could decrease the probability of CSD and improve OS in
elderly (> 70 years) EC patients in general. Further anal-
ysis of the sub-cohort marked as the high- and low-risk
groups derived from a nomogram indicated that high-
risk patients with tumors characterized as middle- and
upper-third of the tumor location, poor and undifferenti-
ated histological grade, >33 mm tumor size, advanced T
stage, positive lymph node, and distant metastasis could
be considered beneficial for aggressive anti-tumor treat-
ment. However, for low-risk patients whose tumors were
characterized as lower-third of the tumor location, well
and moderately differentiated histological grade, <33 mm
of tumor size, early T stage, negative lymph node, and
non-metastasis, CRT could not bring therapeutic bene-
fits on the survival outcomes. Despite this, well-designed
trials are still needed to validate our conclusions based
on real-world clinical practice.
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