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Background: Multiple randomized controlled trials have shown that multimodal therapy provides the
best overall survival for patients who had locally advanced esophageal cancer. However, it is unknown if
multimodal therapy offers the best overall survival in octogenarians.

Methods: We performed retrospective cohort study using data obtained from the National Cancer
Database (NCDB) for octogenarians who had locally advanced esophageal cancer from 2004 to 2015. We
evaluated the 5-year overall survival for patients among different therapies. We compared the 5-year overall
survival between patients receiving chemoradiation therapy followed by surgery and a propensity-matched
group of patients who underwent chemoradiation only.

Results: There were 21,710 octogenarians (15%) with esophageal cancer in the NCDB database. Among
octogenarians, there were 6,960 patients (32%) who had clinical stage II-III esophageal cancer. Among
6,922 patients whose treatment data were available, the most common therapy was chemoradiation (n=3,360,
49%). Two of the most common therapies that included surgical resection were surgery only (n=314, 5%)
and chemoradiation therapy followed by surgery (n=172, 2%). Among different treatments, the best 5-year
overall survival was achieved in patients receiving chemoradiation therapy followed by surgery (P<0.001).
In the propensity score-matched cohort between chemoradiation therapy followed by surgery (n=83) to
chemoradiation therapy only (n=83), there was an association with improved 5-year overall survival in
the patients who had chemoradiation therapy followed by surgery (17.9%) compared to the patients who
underwent chemoradiation only (5.7%, P=0.003).

Conclusions: Most octogenarians with locally advanced esophageal cancer underwent definitive
chemoradiation therapy. Very few patients underwent chemoradiation followed by surgery; however,
the multimodality treatment provided increased overall survival. Surgically fit octogenarians should be

considered for chemoradiation therapy followed by surgery.
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Introduction

According to the National Institute of Cancer, the incidence
of esophageal cancer was 4.2 per 100,000 men and women
per year, with the 5-year overall survival only about 20% (1).
Of those patients diagnosed with esophageal cancer,
about 50% were diagnosed with either tumor localized to
the primary site or regionally advanced to nearby lymph
nodes (2). Unfortunately, the 5-year overall survival for
localized tumors is at best 40%, but only if there is no
evidence of regional spread (1). Fortunately, research
continues to increase understanding and test the boundaries
of perfecting treatment modalities. The current standard
of care for locoregional cancer, stage II and III, includes
neoadjuvant chemotherapy or chemoradiation therapy
followed by surgical resection (3-5). However, it is unclear
if this standard of care should be applied to octogenarians.
Studies that established induction chemotherapy or
chemoradiation therapy followed by surgery as the standard
of care did not concentrate on patients greater than 80 years
old (3,4). Thus, it is unclear if multimodal treatment should
be applied to this cohort of patients.

In 2018, a population-based study of the National
Institute of Cancer database analyzed data of 61,799
patients with esophageal cancer and divided the cohort
into two age groups: patients less than 70 years of age
and patients 70 years of age or older at diagnosis. Elderly
patients were found to undergo surgery less often and had
a higher rate of not undergoing any therapy. Interestingly,
this was not related to being diagnosed at a more advanced
stage since the elderly group showed a higher proportion
of localized disease at diagnosis. On the other hand, overall
survival was lower in the patient group greater than 70 years
of age. A multivariate analysis of their data showed that
the risk of mortality was increased in the elderly and that
treatment modality of surgery and/or radiation therapy was
an independent favorable prognostic factor (6). As further
studies pursue subset analysis with a higher age threshold
to define the elderly, such as the age of 80, they continue
to show even more significant associations between
mortality and elderly age. For instance, a systematic
review and pooled analysis of esophagectomy outcomes in
octogenarians looked at a total of 2,573 patients and found
octogenarians to have reduced overall and 5-year cancer-
free survival (7). At the same time, there have been multiple
smaller scale studies that show that while overall and
cancer-specific survival is decreased with increasing age, the
perioperative morbidity and mortality are not statistically

© Journal of Thoracic Disease. All rights reserved.

Del Calvo et al. Esophagectomy in octogenarians

different when compared to patients <70 years of age.
Interestingly, this study also references that unwillingness
to continue multimodal therapy post-operatively can be a
reason for decreased cancer specific survival (8,9). Given
such varied data and no consensus on a treatment course for
the elderly population, we aimed to determine if conducting
the multimodality treatment in octogenarians with locally
advanced esophageal cancer would provide a survival
benefit.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-928).

Methods

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The institutional review
board approval was waived for this study since we performed
an analysis of national de-identified patient data and
individual consent for this retrospective analysis was waived.
We performed a retrospective cohort study using data
obtained from the National Cancer Database (NCDB) on
patients who were diagnosed with esophageal cancer 2004—
2015. We excluded patients under the age of 80, patients
without a TNM stage of II or III, patients with unknown
treatment, and patients with missing vital data. We analyzed
baseline characteristics including age at diagnosis, sex,
race, ethnicity, insurance type, median income, geographic
setting, Charlson-Deyo Score, primary tumor site, tumor
histology, tumor size, American Joint Committee on Cancer
(AJCC) pathologic stage, lymphovascular invasion, time
from diagnosis to treatment, time from diagnosis to death
or last contact, and treatment facility type. Patients were
divided into seven different treatment groups, including no
therapy, surgery only, radiation only, chemoradiation only,
chemoradiation followed by surgery, chemotherapy only,
and surgery followed by chemoradiation.

Statistical analysis

Baseline characteristics were reported as frequencies
and proportions for categorical variables and median
and interquartile range (IQR) for continuous variables.
Differences between groups were determined by the Chi-
square or Fisher’s exact tests for categorical variables and
Kruskal Wallis test for continuous variables as appropriate.
Cox proportional hazard modeling was conducted to
determine the patient characteristics and treatment group
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associated with higher mortality. Patient’s overall survival
was depicted by the Kaplan-Meier curves and stratified
by treatment group. Differences between groups were
compared by the log-rank test. Sub-analyses for patient
overall survival with Kaplan Meier curves were conducted
in propensity score-matched patients undergoing
chemoradiation only vs. chemoradiation followed by
surgery. Nearest propensity score matching (without
replacement, ratio 1:1, and caliper of 1) between patients
undergoing chemoradiation only and patients having
chemoradiation followed by surgery was conducted based
on age, sex, race, ethnicity, Charlson-Deyo score, histology
(adenocarcinoma versus not adenocarcinoma), and the
AJCC clinical stage. The balance of covariates in the
matched cohort was evaluated based on the standardized
mean differences (10). The performance of the models
was determined by the C-statistic. All the analyses were
performed on Stata version 17.0 (StataCorp LLC, College
Station, TX, USA). A P value of <0.05 was considered
statistically significant.

Results

The NCDB had a total of 141,490 patients diagnosed
with esophageal cancer between 2004 and 2015. In 21,710
(15%) octogenarians, 6,922 met our inclusion and exclusion
criteria and were included in the analysis (Figure I). The
median age at diagnosis for the entire cohort of 6,922
patients was 83 years, with most patients were male (68%),
white (91%), non-Hispanic (91%) with a Charlson-Deyo
score of 0 (71%). Most tumors were adenocarcinoma
(4,261/6,922, 62%) while most of the non-adenocarcinomas
were squamous cell carcinoma (2,387/2,661, 90%), and the
median tumor size was 40 mm, with most tumors located in
the distal third of the esophagus (58%). Of this octogenarian
group of 6,922 patients with the above-mentioned
characteristics, there were the following treatment groups:
no therapy (19%), surgery only (5%), radiation only (20%),
chemoradiation only (49%), chemoradiation followed
by surgery (2%), chemotherapy only (4%), and surgery
followed by chemoradiation (2%) (Tible 1, Figure 2).
Kaplan Meier survival analysis stratified by treatment
group indicated that the overall survival was poorer in
patients having no therapy and improved in treatment
groups that included surgery. Among these groups, the
most improved 5-year overall survival was achieved with
chemoradiation therapy followed by surgery (P<0.001,
Figure 3). The multivariable Cox proportional hazard model
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for mortality showed significant better overall survival
in patients received any treatment compared to patients
having no therapy (P<0.001). Better overall survival was also
observed in patients being treated at an academic/research
program (HR 0.84, 95% CI: 0.76, 0.92, P<0.001), and
having an adenocarcinoma histologic diagnosis (HR 0.91,
95% CI: 0.86, 0.98, P<0.001). On the other hand, higher
mortality was found in patients of older age at diagnosis
(HR 1.03, 95% CI: 1.02, 1.04, P<0.001), male sex (HR 1.07,
95% CI: 1.01, 1.14, P=0.02), having Charlson-Deyo score
>0 (Charlson-Deyo score =1, HR 1.22, 95% CI: 1.14, 1.29,
P<0.001 and Charlson-Deyo score =2, HR 1.42, 95% CI:
1.27, 1.58, P<0.001), and having an increased AJCC clinical
stage (HR 1.39, 95% CI: 1.32, 1.46, P<0.001, Table 2).

In order to control for confounding factors affecting
the overall survival, we performed a propensity score
matching between a subgroup of patients who received the
chemoradiation followed by surgery versus patients who
only received the chemoradiation. There were 166 patients
were obtained from the propensity score match, with 83
patients in each group. There was no significant difference
between the age at diagnosis, sex, race, ethnicity, primary
payor, median income, geographic setting, Charlson-Deyo
score, primary tumor site, histologic diagnosis, size of the
tumor, AJCC clinical-stage, lymphovascular invasion, and
facility type (Table 3). The Kaplan Meier survival curve for
this matched group comparing chemoradiation followed
by surgery and chemoradiation alone showed a statistically
improved overall survival for the chemoradiation followed
by the surgery treatment group (18% vs. 6%, P=0.003,
Figure 4). The multivariable Cox proportional hazard model
for mortality showed a significant benefit of undergoing
chemoradiation therapy followed by surgery compared
to chemoradiation alone (HR 0.49, 95% CI: 0.32, 0.74,
P=0.02) and marginal benefit of undergoing treatment at
East South Central (HR 0.19, 95% CI: 0.03, 1.00, P=0.049).
On the other hand, there was significantly poorer survival
with increased age at the time of diagnosis (HR 1.13, 95%
CI: 1.02, 126, P=0.02, Tuble 4).

Conclusions

Previous analyses using data obtained from the national
surveillance, epidemiology, and end results (SEER)
database (6), the NCDB (11), and pooled analyses of a
series of esophageal cancer patients undergoing surgery
(7,12) showed that increasing age is a major risk factor that
is associated with a poorer overall survival. A systematic
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141,490 esophagus cancer patients
diagnosed between 2004-2015

> 7 missing vital data
Y
141,483 with available vital data
> 119,773 aged <80 years
Y
21,710 patients aged =80 years
| 14,750 not classified as TNM clinical
- stage II-Ill
Y ¢
6,960 with TNM clinical stage II-ll
> 38 unknown treatment
Y
6,922 included in the analysis:
314 surgery only
1,353 radiation only
3,360 chemoradiation only
172 chemoradiation followed by surgery
1,314 no therapy
276 chemotherapy only
1383 surgery followed by chemoradiation
6,904 with complete 18 not included in
data for all variables in multivariable analysis
multivariable analysis due to incomplete data

»| 3,390 not eligible for the propensity
Y score match

3,532 entered the propensity score
match:
3,360 chemoradiation only
172 chemoradiation followed by
surgery

\

3,366 unmatched

A

166 matched patients:
83 chemoradiation only
83 chemoradiation followed by
surgery

Figure 1 Flowchart of study population. One hundred forty-one thousand four hundred ninety patients in the National Cancer Database
were diagnosed with esophageal cancer. Six thousand nine hundred sixty patients met the inclusion and exclusion criteria for the study. One

hundred sixty-six patients were then matched for the propensity score analysis.
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Table 1 Baseline patient characteristics

Chemoradiation Radiation  Surge Chemothera Chemoradiation Surgery
Characteristics (njgtslz 2) l\::_tresrfzy only only or?lyry only ” fo!z\:;ee?yby ct::rlrlw(;v::;:;/on g\;earlilé
’ v (n=3,360) (n=1,353)  (n=314) (n=276) (n=172) (n=133)
Age at diagnosis, 83.0 84.0 83.0 85.0 82.0 83.0 81.0 82.0 <0.001
median (IQR) (81.0,86.0) (82.0,88.0) (81.0,85.0) (82.0,88.0) (81.0,85.0) (81.0,85.0) (80.0, 82.5) (80.0, 84.0)
Male sex 4,698 (67.9) 790 (60.1) 2,401 (71.5) 833(61.6) 225(71.7) 202 (73.2) 137 (79.7) 110 (82.7) <0.001
White 6,306 (91.1) 1,143 (87.0) 3,120(92.9) 1,205(89.1) 293 (93.3) 254 (92.0) 163 (94.8) 128 (96.2) <0.001
Ethnicity 0.003
Non-Hispanic 6,275 (90.7) 1,169 (89.0) 3,069 (91.3) 1,225(90.5) 275 (87.6) 248 (89.9) 164 (95.3) 125 (94.0)
Hispanic 197 (2.8) 55 (4.2) 95 (2.8) 26 (1.9) 9(2.9) 72.5) 3(1.7) 2(1.5)
Unknown 450 (6.5) 90 (6.8) 196 (5.8) 102 (7.5)  30(9.6) 21 (7.6) 5(2.9) 6 (4.5)
Primary payor 0.46
Not insured 30 (0.4) 10(0.8) 9(0.3) 8(0.6) 1(0.3) 1(0.4) 1(0.6) 0 (0.0)
Private/ 585 (8.5) 111 (8.4) 263 (7.8) 130 (9.6) 28 (8.9) 22 (8.0) 15 (8.7) 16 (12.0)
managed care
Medicaid 78 (1.1) 15(1.1) 42 (1.3) 13 (1.0) 3(1.0) 3(1.1) 1(0.6) 1(0.8)
Medicare 5,996 (86.6) 1,142 (86.9) 2,924 (87.0) 1,156 (85.4) 271(86.3) 238(86.2) 150 (87.2) 115 (86.5)
Other 94 (1.4) 14 (1.1) 49 (1.5) 25 (1.8) 1(0.3) 4(1.4) 1(0.6) 0 (0.0)
government
Unknown 139 (2.0) 22 (1.7) 73(2.2) 21(1.6) 10 (3.2) 8(2.9) 4(2.3) 1(0.8)
Median income quartiles (2000) 0.12
<$30,000 709 (10.5) 157 (12.3) 313 (9.6) 151 (11.5) 33 (10.6) 28 (10.4) 14 (8.4) 13 (10.4)
$30,000- 1,164 (17.3) 208 (16.3) 563 (17.2) 244 (18.5) 57 (18.4) 38 (14.1) 30 (18.1) 24 (19.2)
$34,999
$35,000- 1,911 (28.4) 384 (30.0) 925 (28.3)  381(28.9) 78(25.2) 72 (26.7) 44 (26.5) 27 (21.6)
$45,999
>$46,000 2,953 (43.8) 530(41.4) 1,469 (44.9) 541 (41.1) 142(45.8) 132 (48.9) 78 (47.0) 61 (48.8)
Urban 6,574 (95.0) 1,238 (94.2) 3,195(95.1) 1,302 (96.2) 294 (93.6) 266 (96.4) 159 (92.4) 120 (90.2) 0.01
Charlson-Deyo Score <0.001
0 4,898 (70.8) 857 (65.2) 2,437 (72.5) 967 (71.5) 220(70.1) 194 (70.3) 119 (69.2) 104 (78.2)
1 1,472 (21.3) 310(23.6) 696 (20.7) 266 (19.7) 78 (24.8) 63 (22.8) 42 (24.4) 17 (12.8)
2 389 (5.6) 100 (7.6) 161 (4.8) 86 (6.4) 10 (3.2) 14 (5.1) 10 (5.8) 8 (6.0)
>3 163 (2.4) 47 (3.6) 66 (2.0) 34 (2.5) 6(1.9) 5(1.8) 1(0.6) 4 (3.0)
Primary site <0.001
Cervical 220 (3.2) 41 (3.1) 112 (3.3) 55 (4.1) 5(1.6) 6(2.2) 0(0.0) 1(0.8)
esophagus
Thoracic 226 (3.3) 53 (4.0) 103 (3.1) 49 (3.6) 8(2.5) 6(2.2) 3(1.7) 4 (3.0
esophagus
Abdominal 27 (0.4) 5(0.4) 14 (0.4) 5(0.4) 2(0.6) 0(0.0) 0(0.0) 1(0.8)
esophagus

Table 1 (continued)
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Table 1 (continued)

e L Chemoradiation Surgery
Ch diat Radiat S Ch th
_ Total No therapy emoradiation Radiation traery emotherapy followed by followed by  Overall,
Characteristics (n=6,922) (n=1,314) only only only only surgery chemoradiation P value
o o = =1 =314 =27
(n=3,360) (n=1,353) (n=314) (n=276) (n=172) (n=133)
Upper third 453 (6.5) 111 (8.4) 201 (6.0) 116 (8.6) 8 (2.5) 10 (3.6) 6 (3.5) 1(0.8)
Middle third 1,059 (15.3) 222 (16.9) 505 (15.0) 220 (16.3) 37 (11.8) 42 (15.2) 18 (10.5) 15 (11.3)
Lower third 4,036 (58.3) 650 (49.5) 2,051 (61.00 716(52.9) 218(69.4) 170 (61.6) 132 (76.7) 99 (74.4)
Overlapping 311 (4.5) 64 (4.9) 152 (4.5) 58 (4.3) 10 (3.2) 14 (5.1) 10 (5.8) 3(2.3)
lesion
Esophagus, 590 (8.5) 168 (12.8) 222 (6.6) 134 (9.9) 26 (8.3) 28 (10.1) 3(1.7) 9(6.9)
NOS
Adenocarcinoma 4,261 (61.6) 716 (54.5) 2,137 (63.6) 731(54.0) 231(73.6) 190 (68.8) 141 (82.0) 115 (86.5) <0.001
Tumor size (mm), 40.0 48.5 40.0 44.0 35.5 40.0 40.0 35.0 <0.001
median (IQR) (30.0, 60.0) (30.0,69.0) (30.0,60.00 (30.0,60.0) (24.0,50.0) (30.0, 60.0) (25.0, 58.0) (22.0, 50.0)
AJCC clinical stage group <0.001
Stage 2 3,685 (53.2) 609 (46.3) 1,761 (52.4) 798 (59.0) 229 (72.9) 115(41.7) 88 (51.2) 85 (63.9)
Stage 3 3,237 (46.8) 705 (53.7) 1,599 (47.6) 555 (41.0) 85(27.1) 161 (58.3) 84 (48.8) 48 (36.1)
Facility type <0.001
Community 735(10.6) 139 (10.6) 378 (11.3) 154 (11.4) 9(2.9) 28 (10.1) 8 (4.7) 19 (14.3)
cancer program
Comprehensive 2,949 (42.6) 548 (41.7) 1,506 (44.8) 626 (46.3) 83 (26.4) 93 (33.7) 44 (25.6) 49 (36.8)
community

cancer program

Academic/ 2,309 (33.4) 461 (35.1) 1,009 (30.0) 389(28.8) 187 (59.6) 119 (43.1) 100 (58.1) 44 (33.1)
research
program
Integrated 929 (13.4) 166 (12.6) 467 (13.9) 184 (13.6) 35(11.1) 36 (13.0) 20 (11.6) 21 (15.8)
network cancer
program

Facility location <0.001
New England 662 (9.6) 129 (9.8) 323 (9.6) 152 (11.2) 17 (5.4) 12 (4.3) 8 (4.7) 21 (15.8)
Middle Atlantic 1,193 (17.2) 221 (16.8) 588 (17.5) 211 (15.6) 57 (18.2) 55 (19.9) 35 (20.3) 26 (19.5)
South Atlantic 1,371 (19.8) 291 (22.1) 655 (19.5) 241 (17.8) 50 (15.9) 76 (27.5) 38 (22.1) 20 (15.0)
East North 1,372 (19.8) 235 (17.9) 695 (20.7) 283 (20.9) 69 (22.0) 46 (16.7) 19 (11.0) 25 (18.8)
Central
East South 269 (3.9) 47 (3.6) 125 (3.7) 61 (4.5) 10 (3.2) 11 (4.0) 11 (6.4) 4 (3.0)
Central
West North 595 (8.6) 89 (6.8) 300 (8.9) 119(8.8) 35(11.1) 15 (5.4) 26 (15.1) 11 (8.3)
Central
West South 311 (4.5) 55 (4.2) 144 (4.3) 62 (4.6) 17 (5.4) 14 (5.1) 15 (8.7) 4 (3.0)
Central
Mountain 269 (3.9) 54 (4.1) 136 (4.0) 47 (3.5) 8 (2.5) 11 (4.0) 8 (4.7) 5(3.8)

Pacific 880 (12.7) 193 (14.7) 394 (11.7) 177 (13.1) 51 (16.2) 36 (13.0) 12 (7.0) 17 (12.8)

Values are in number (%) unless otherwise indicated. IQR, interquartile range; AJCC, American Joint Committee on Cancer.
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N=6,922

I No therapy (n=1,314, 19%)

I Surgery only (n=314, 5%)

[ Radiation only (n=1,353, 20%)

[ Chemoradiation only (n=3,360, 49%)

[ Chemoradiation followed by surgery (n=172, 2%)
I Chemotherapy only (n=276, 4%)

[ Surgery followed by chemoradiation (n=133, 2%)

Figure 2 Pie chart of the treatment type of the cohort. Majority of
the patients underwent chemoradiation only (49%), radiation only
(20%) or no therapy (19%).

100+

———— [1] No therapy
~———— [2] Surgery only

NS N — — — [3] Radiation only
- 4 L —— —— [4] Chemoradiation only

— 75 S

© - ‘\\ = = = [5] Chemoradiation followed by surgery

2 "\ ~————[6] Chemotherapy only

g S = = = [7] Surgery followed by chemoradiation

» 50

‘a:: _____ Overall P<0.001

5_*6 254 N el N T T

0
T T T T T T
0 1 2 3 4 5
Follow-up years
Number at risk

1] 1314 202 96 51 29 16
[2] 314 177 110 7 52 38
[3] 1353 445 178 88 41 30
[4] 3360 1751 870 520 336 214
] 172 114 64 36 20 12
61 276 117 50 24 15 7
[71 133 95 49 36 20 11

Figure 3 Kaplan Meier survival curve of the entire cohort. Patients
who had treatment for esophageal cancer had significantly better

survival than the patients who did not have treatment.

review of the literature of esophageal cancer outcomes in
the elderly suggested that the 5-year overall survival range
from 0% to 49% (13). Treatment-related complications are
seen in up to 70% of patients, including chemotherapy-
related grade >3 toxicity for 22-36% and surgery-
related complications seen in 27-69% (13). Although the
reported numbers are in disparity, numerous studies have
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Table 2 Multivariable Cox proportional hazard model of risk for
mortality for entire cohort

5 years
Factor Adiusted HR
(95% Cl)
Treatment
No therapy (reference)
Surgery only 0.34 (0.29, 0.39) <0.001

Radiation only 0.56 (0.51, 0.60) <0.001

Chemoradiation only 0.35(0.33, 0.38) <0.001

Chemoradiation followed by
surgery

0.25 (0.21, 0.31) <0.001

Chemotherapy only 0.45 (0.39, 0.52) <0.001
Surgery followed by chemoradiation 0.26 (0.21, 0.32) <0.001
Age at diagnosis 1.03 (1.02, 1.04) <0.001
Male sex 1.07 (1.01,1.14)  0.02
Ethnicity
Non-Hospanic (reference)
Hispanic 0.93(0.79,1.10) 0.38
Unknown 1.15(1.04,1.28) 0.01

Charlson-Deyo score

0 (reference)

1 1.22 (1.14,1.29) <0.001
2 1.42 (1.27,1.58) <0.001
>3 1.17 (0.99, 1.38)  0.06

Adenocarcinoma 0.91 (0.86,0.98) 0.01
AJCC clinical stage 3 (versus stage 2) 1.39 (1.32, 1.46) <0.001
Facility type

Community cancer program (reference)

Comprehensive community cancer 0.95 (0.87, 1.04) 0.27
program
Academic/research program 0.84 (0.76, 0.92) <0.001

Integrated network cancer program 0.98 (0.88, 1.08) 0.66

C-statistic: 0.66. HR, hazard radio; Cl, confidence interval;
AJCC, American Joint Committee on Cancer.

unanimously indicated that the elderly with esophageal
cancer have higher proportions of treatment morbidity,
poorer disease-free outcomes, and shorter overall survival
(14-16). However, it does not provide information regarding
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Table 3 Baseline characteristics of propensity matched group

Before matching After matching

Chemoradiation Chemoradiation

Characteristics Chemz:iljiation fOZz‘:; (iy by Star:::;:ized b valte Chemz;eli;jiation foi‘:‘:; C:y by Star::::iized o valie
(n=3,360) (n=172) difference (n=83) (n=83) difference
Age at diagnosis, 83.0 (81.0, 85.0) 81.0(80.0, 82.5) -0.76 <0.001 82.0(80.0, 83.0) 82.0 (81.0, 83.0) 0.03 0.86
median (IQR)
Male sex 2,401 (71.5) 137 (79.7) 0.19 0.02 55 (66.3) 64 (77.1) 0.24 0.12
White 3,120 (92.9) 163 (94.8) -0.08 0.34 77 (92.8) 78 (94.0) -0.05 0.76
Ethnicity
Non-Hispanic 3,069 (91.3) 164 (95.3) 0.16 0.07 80 (96.4) 79 (95.2) -0.06 0.70
Hispanic 95 (2.8) 3(1.7) -0.07 0.40 1(1.2) 1(1.2) 0.00 1.00
Unknown 196 (5.8) 5(2.9) -0.14 0.11 2(2.4) 3(3.6) 0.07 0.90
Primary payor
Not insured 9(0.3) 1(0.6) 0.05 0.45 0(0.0) 0(0.0) - -
Private insurance/ 263 (7.8) 15 (8.7) 0.03 0.67 8(9.6) 6(7.2) -0.09 0.58
managed care
Medicaid 42 (1.3) 1(0.6) -0.07 0.44 1(1.2) 1(1.2) 0.00 1.00
Medicare 2,924 (87.0) 150 (87.2) 0.01 0.94 71 (85.5) 74 (89.2) 0.11 0.49
Other government 49 (1.5) 1(0.6) -0.09 0.34 1(1.2) 1(1.2) 0.00 -0.09
Insurance status 73 (2.2) 4 (2.3) 0.01 0.89 2 (2.4) 1(1.2) 0.56 0.051
unknown
Median income quartiles (2000)
<$30,000 313 (9.6) 14 (8.4) -0.04 0.60 7 (8.4) 8 (9.6) 0.04 0.79
$30,000-$34,999 563 (17.2) 30 (18.1) 0.02 0.81 10 (12.0) 13 (15.7) 0.10 0.50
$35,000-$45,999 925 (28.3) 44 (26.5) -0.04 0.58 21 (25.3) 22 (26.5) 0.03 0.86
>$46,000 1,469 (44.9) 78 (47.0) 0.03 0.68 45 (54.2) 40 (48.2) -0.12 0.44
Urban 3,195 (95.1) 159 (92.4) -0.11 0.01 77 (92.8) 76 (91.6) -0.05 0.77
Charlson-Deyo score
0 2,437 (72.5) 119 (69.2) -0.07 0.34 58 (69.9) 59 (71.1) 0.03 0.87
1 696 (20.7) 42 (24.4) 0.09 0.24 18 (21.7) 18 (21.7) 0.00 1.00
2 161 (4.8) 10 (5.8) 0.05 0.54 6(7.2) 5 (6.0) -0.05 0.76
>3 66 (2.0) 1(0.6) -0.12 0.20 1(1.2) 1(1.2) 0.00 1.00
Primary site
Cervical esophagus 112 (3.3) 0 (0.0 -0.26 0.02 0 (0.0 0 (0.0) - -
Thoracic esophagus 103 (3.1) 3(1.7) -0.09 0.32 0 (0.0) 1(1.2) 0.16 0.32
Abdominal 14 (0.4) 0 (0.0) -0.09 0.40 0(0.0) 0(0.0) - -
esophagus

Table 3 (continued)
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Table 3 (continued)
Before matching After matching
Characteristics Chemoradiation C:g:;c\)’;aejiz:)t}ilon Standardized Chemoradiation Cr}i:;?,\zziit;on Standardized
only surgery .mean P value only surgery . mean P value
(n=3,360) (n=172) difference (n=83) (n=83) difference
Upper third 201 (6.0) 6 (3.5) -0.12 0.17 2(2.4) 3(3.6) 0.07 0.65
Middle third 505 (15.0) 18 (10.5) -0.14 0.10 18 (21.7) 10 (12.0) -0.26 0.10
Lower third 2,051 (61.0) 132 (76.7) 0.34 <0.001 52 (62.7) 62 (74.7) 0.26 0.09
Overlapping lesion 152 (4.5) 10 (5.8) 0.06 0.43 8(9.6) 5(6.0) -0.13 0.39
Esophagus, NOS 222 (6.6) 3(1.7) -0.25 0.01 3 (3.6) 2(2.4) -0.07 0.65
Adenocarcinoma 2,137 (63.6) 141 (82.0) 0.42 <0.001 59 (71.1) 64 (77.1) 0.14 0.38
Tumor size (mm), 40.0 (30.0, 60.0) 40.0 (25.0, 58.0) -0.18 0.12  40.0(23.0, 60.0) 40.0 (25.0, 50.0) -0.08 0.62
median (IQR)
Diagnostic and/or 3,134 (93.6) 166 (96.5) 0.14 0.12 75 (91.5) 81 (97.6) 0.27 0.08
staging procedure
performed
AJCC clinical stage group
Stage 2 1,761 (52.4) 88 (51.2) -0.03 0.75 32 (38.6) 44 (53.0) 0.29 0.06
Stage 3 1,599 (47.6) 84 (48.8) 0.03 0.75 51 (61.4) 39 (47.0) -0.29 0.06

IQR, interquartile range; AJCC, American Joint Committee on Cancer.

100+
————— [1] Chemoradiation followed by surgery
[2] Chemoradiation only
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Figure 4 Kaplan Meier survival curve of the propensity matched
groups. Patients who had chemoradiation followed by surgery had
significantly better 5-year survival than patients who did not have
surgery (17.9% vs. 5.7%, P=0.003).
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Table 4 Multivariable Cox proportional hazard model for risk for

mortality in propensity matched group

Factor

Adjusted HR (95% CI) P value

Treatment
Chemoradiation only (reference)

Chemoradiation followed by
surgery

0.49 (0.32, 0.75)

Age at diagnosis 1.13 (1.03, 1.24)

Male sex 1.36 (0.76, 2.43)

Non-White race 2.17 (0.64, 7.37)

Ethnicity
Non-Hispanic (reference)
Hispanic 0.46 (0.25, 0.83)
Unknown 1.27 (0.63, 2.57)
Urban 1.22 (0.63, 2.36)

0.001

0.01
0.30
0.21

0.01
0.51
0.57

Table 4 (continued)
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Table 4 (continued)

Factor

Adjusted HR (95% CI) P value

Charlson-Deyo score
0
1
2
=3
Primary site
Upper and middle third
Lower third
Esophagus, NOS
Adenoma/adenocarcinoma

Diagnostic and/or staging
procedure performed

AJCC clinical stage 3 (versus
stage 2)

Facility type
Community cancer program

Comprehensive community
cancer program

Academic/research program

Integrated network cancer
program

Facility location
New England
Middle Atlantic
South Atlantic
East North Central
East South Central
West North Central
West South Central
Mountain

Pacific

(reference)

1.65(0.98, 2.77)
1.40 (0.81, 2.42)
0.54 (0.06, 5.23)

(reference)

1.14 (0.73, 1.76)
1.37 (0.62, 2.99)
1.21(0.68, 2.17)
1.95(0.93, 4.10)

1.27 (0.83, 1.94)

(reference)

1.38 (0.58, 3.28)

1.00 (0.41, 2.42)
0.81 (0.31, 2.09)

(reference)

0.84 (0.42, 1.67)
0.81(0.39, 1.68)
0.68 (0.30, 1.58)
0.19 (0.04, 0.82)
0.74 (0.32, 1.74)
0.83 (0.21, 3.26)
0.33 (0.12, 0.90)
0.66 (0.29, 1.52)

0.06
0.23
0.59

0.57
0.44
0.52
0.08

0.27

0.47

1.00
0.66

0.62
0.57
0.38
0.03
0.49
0.79
0.03
0.33

C-statistic: 0.65. Cox model was run with robust standard errors
that account for the clustering in matched pairs. HR, hazard
ratio; Cl, confidence interval; AJCC, American Joint Committee

on Cancer.
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the best therapy for this group of patients and most elderly
patients often are not even considered for surgery due to
perceived high risk (8). This finding is consistent with our
data where a grand total of 1,314 patients did not receive
any treatment.

In addressing the question whether the surgery should
be considered in octogenarians with locally advanced
esophageal cancer, we found that octogenarians had
improved survival when surgery was incorporated as part
of their treatment plan. Analysis of this cohort showed that
therapy that included surgery such as surgery only, surgery
followed by chemoradiation therapy, and chemoradiation
therapy followed by surgery had the most improved survival
compared to other modalities. In addition, chemoradiation
only provided improved survival compared to monotherapy
of chemotherapy only or radiation only. All these treatment
paradigms provided more improved survival compared to no
therapy. However, the treatment paradigm with surgery was
rarely used, and most octogenarians with locally advanced
esophageal cancer received definitive chemoradiation
therapy only.

A possible reason for patients not undergoing surgery
after chemoradiation may be that this group of patients
had progression of the disease; thus, they were not offered
an operation. However, the rate of patients who tend
to progress to metastatic disease after chemoradiation
in published studies is 4-10% (3,17). Thus, 48% of the
patients not undergoing surgery in this cohort cannot be
explained by disease progression alone. Other reasons for
not undergoing surgical treatment after chemoradiation
are significant decrease in performance status or death
from chemoradiation. Moreover, a group of patients who
decline surgery due to complete pathologic response (18).
Lastly, these patients were not offered a surgery after their
chemoradiation therapy may be because the providers
thought that the surgery would not improve the patient’s
overall survival. The providers were likely to an assessment
indicating that the patient might not fit for surgery. In our
cohort, our multivariable analysis for mortality showed that
in addition to no therapy, a higher Charlson-Deyo score was
associated with an increased risk for mortality. As patients
get older, they will have higher comorbidities and get to
a point where cardiovascular disease mortality will exceed
for cancer. Thus, the determinant of surgical candidacy
lies within the impact of comorbidities in their overall
mortality (19). Therefore, patients who are not surgical
candidates due to their comorbidities should not undergo

surgery.
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One of the limitations of evaluating the overall
survival based solely on the therapy is that there is likely
an introduction of bias due to the difference in the
patients’ characteristics. The patients who underwent
chemoradiation therapy might not have been surgical
candidates due to high comorbidities (20). To overcome
this limitation, we performed a propensity score match
for all the characteristics that contribute to mortality
among patients who underwent the most common
therapy of chemoradiation only to chemoradiation
followed by surgery. Thus, matching those patients who
had surgery to those patients who did not have surgery
after chemoradiation therapy. In this balanced group,
we found that chemoradiation followed by surgery was
associated with significantly improved survival compared
to chemoradiation only. In the multivariable analysis
of this cohort, the strongest factors that protected
octogenarians from the risk of mortality came from
chemoradiation followed by surgery and younger age.
Thus, after controlling for potential confounders that may
affect the outcome, there is still an overall survival benefit
for patients undergoing surgery after chemoradiation
therapy. The number of patients in the matched cohort
who were not offered surgery following chemoradiation
therapy was low, likely because the patient had a
progression of the disease, or the patient was not a surgical
candidate. However, there may be a subset of patients
whose providers do not believe that the patient will have
a survival benefit from surgery (20). Our study provides
data on this group of patients and suggests that after
chemoradiation therapy, octogenarians who are surgical
candidates should undergo surgery since the addition of
surgery has a significant survival benefit.

Our study has several limitations. First, the retrospective
analysis does not carry the weight of a randomized
controlled trial. In addition, the national database does
not provide granular details of patient characteristics
such as performance status or complication after
treatment. However, the study offers the largest cohort of
octogenarians with clinical locally advanced esophageal
cancer; thus, it provides some insight into the cohort of
patients. This study does not address patient preference or
patient’s quality of life with different treatment modalities
that may have contributed to not considering surgery
as a mainstay of their therapy. Finally, we assumed that
patients who underwent surgical resection were surgically
fit patients. It is unknown if the patients who were matched
were surgically fit since that information is not gathered in

© Journal of Thoracic Disease. All rights reserved.
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the NCDB database.

Overall, this study provides insight into a cohort of
patients that we will continue to see in our surgical practice
as the population continues to live longer and longer. While
most patients only receive chemoradiation therapy, their
overall survival is improved with the addition of surgery in
the treatment modality. Select octogenarians with locally
advanced esophageal cancer should be considered for

surgery.
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