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Background: Concurrent chemoradiation (CRT) followed by surgery is a standard of care for locally
advanced esophageal adenocarcinoma. It remains unclear if surgery following CRT offers any meaningful
survival benefit compared to CRT alone in patients with clinical N3 disease who are at the highest risk of
developing distant disease relapse.

Methods: We conducted analysis of the National Cancer Database (NCDB) to compare overall survival (OS)
of patients with locally advanced esophageal adenocarcinoma (cTanyN1-3MO based on AJCC 7th staging
system) who underwent CRT with or without surgery and analyzed outcomes based on the cN stage.
Results: 7,520 patients were included in the analysis—74.7% had c¢N1 disease, 21.1% had c¢N2 disease, and
4.3% had cN3 disease. The median OS advantage offered by CRT followed by surgery was 22, 15.8, and
9.6 months compared to CRT alone in ¢N1, ¢N2, and c¢N3 patients, respectively. The 5-year OS estimates
in the surgical group were 36.9%, 31.6% and 15.9% in cN1, ¢cN2 and cN3 groups, respectively.
Conclusions: Surgery following CRT in patients with locally advanced esophageal adenocarcinoma leads to
improvement in OS, with the largest benefit noted in patients with cN1 and cN2 disease. Surgery following

CRT also confers meaningful long-term survival advantage for a subset of ¢N3 patients.
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Introduction incidence of squamous cell carcinoma (SCC) of the esophagus

has declined in the US, the incidence of adenocarcinoma (AC)

Esophageal cancer is the 7" most common cancer and the 6"
leading cause of cancer related deaths worldwide (1). In 2021,

esophageal cancer is estimated to account for 19,260 new
cases and 15,530 deaths in the United States (2). While the

has been rising dramatically (3). The majority of patients with
esophageal AC present with locally advanced disease with a
S-year overall survival (OS) of 43% (4). Trimodality therapy
with neoadjuvant concurrent chemoradiation (CRT) followed
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by surgery, as established by the CROSS trial, is currently a
standard of care approach for locally advanced esophageal
AC (5). The CROSS trial showed that compared to surgery
alone, neoadjuvant CRT followed by surgery leads to a
higher rate of RO resection and a superior 5-yr OS (47% vs.
33%, median follow-up 84 months) (4,5). Two-thirds of the
patients on this trial had N1 disease, defined as involvement
of regional lymph nodes based on the older TNM staging
system, but the actual number of involved lymph nodes was
not reported. The updated analysis of the study reported
distant disease recurrence in 39% of patients who underwent
neoadjuvant CRT followed by surgery, however, the rates
of distant disease recurrence and 5-year OS specifically in
patients with positive lymph nodes remain unknown (4).

The 7™ edition of the American Joint Committee
on Cancer (AJCC) staging system released in 2010 and
subsequently the 8" edition released in 2017 refined the N
staging based on the data suggesting prognostic importance
of the number of involved lymph nodes rather than mere
presence and location of the positive nodes (6-12). N status
now defines N1, N2, and N3 designations as involvement
of 1-2, 3-6, >7 regional lymph nodes, respectively.
Although this revision allows better survival stratification,
it complicates the interpretation and application of the
results of the trials that employed the old staging system
such as the CROSS trial. This renders it difficult to
tease out whether surgery following CRT is the optimal
treatment irrespective of the number of positive lymph
nodes. Additionally, patients with clinical T1-4aN2MO0,
TanyN3MO, and T4bNO0-2MO0 disease are now classified
as having stage IVA disease in the 8" edition as opposed to
stage I1I disease in older editions of AJCC staging system.

A retrospective study of 176 patients with locally
advanced esophageal cancer who underwent surgery
following neoadjuvant CRT showed inferior OS in patients
with 4 or more positive lymph nodes compared to those
with 0-3 positive lymph nodes (13). In locally advanced non-
small cell lung cancer, presence of multi-station mediastinal
lymph node involvement is associated with a high risk
of recurrence, and surgery has not been shown to offer a
survival advantage (14). These patients are often treated with
definitive CRT followed by immunotherapy (15). It remains
unclear if surgery offers any additional survival advantage
in patients with locally advanced esophageal AC with
higher lymph node stage who are at a high risk of systemic
recurrence. In this study, we attempted to answer this
question utilizing the National Cancer Database (NCDB).
We compared OS of patients with locally advanced
esophageal AC who underwent neoadjuvant CRT followed
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by surgery versus CRT alone and analyzed outcomes based
on the number of involved lymph nodes according to the
revised staging system.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-314).

Methods

The NCDB is a comprehensive oncology surveillance
program that captures approximately 70% of all new
cancer diagnoses in the United States from more than
1,500 Commission on Cancer-approved centers. It is
maintained collaboratively by the American Cancer Society
and the Commission on Cancer of the American College
of Surgeons. The NCDB was queried for locally advanced
resectable esophageal cancer cases diagnosed between 2010
and 2014. Patients included were 18 to 90 years old and
had ¢TanyN1-3MO esophageal AC based on the 7 edition
of AJCC staging system. Patients who underwent curative
intent treatment with neoadjuvant CRT (radiation dose
more than 4,000 cGy) with or without any form of RO
surgery including partial or total esophagectomy with or
without gastrectomy were included in the final analysis. The
primary outcome of interest was OS, which was defined
as the time from diagnosis to last contact or death. We
excluded patients with unknown survival status or timing
of specific therapies. Patients with missing data were also
excluded from the analysis. Data collected on each patient
included demographics, Charlson-Deyo Comorbidity
Index, clinicopathologic tumor parameters, lymph node
stage using the 7" TNM staging system, surgical resection
versus none, and the type of treatment facility (academic/
research versus non-academic/community). The NCDB
file was provided to the authors for analytical purposes and
was exempt from institutional review board review. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Statistical analysis

Statistical analysis was performed with SPSS software,
version 23. Comparisons of sociodemographic parameters
as well as tumor and treatment characteristics by group
were performed with chi-square or Fischer’s exact tests.
Survival analysis was performed using the Kaplan-Meier
method, and the log-rank test was used to evaluate the
differences between the different cN subgroups. OS for
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Table 1 Key baseline patient demographics, clinical and tumor characteristics

Characteristic CRT followed by surgery, N=3,732 (%) CRT alone, N=3,788 (%) P
Median age (years) 63 68 0.0001
Sex 0.001
Male 3,306 (88.6) 3,255 (85.9)
Female 426 (11.4) 533 (14.1)
Race 0.001
Caucasian 3,624 (97.1) 3,624 (95.7)
Other 108 (2.9) 164 (4.3)

Location of the primary tumor

Upper 14 (0.4)
Middle 195 (5.2)
Lower 3,219 (86.3)
Other 304 (8.1)

Clinical T stage

T 145 (3.9)
T2 664 (17.8)
T3 2,719 (72.9)
T4 90 (2.4)
Tx 114 (3.1)

Clinical N stage

N1 2,891 (77.5)

N2 734 (19.7)

N3 107 (2.8)
Median Radiation dose, cGy 4,860

Treatment center
Academic 2,019 (54.1)
Non-academic 1,713 (45.9)

48 (1.3) 0.0001
276 (7.3)
3,034 (80.1)
430 (11.3)
0.0001
211 (5.6)
542 (14.3)
2,549 (67.3)
255 (6.7)
231 (6.1)
0.0001
2,724 (71.9)
849 (22.4)
215 (5.7)
4,680 0.001
0.0001
1,366 (36.1)
2,422 (63.9)

CRT, chemoradiation.

surviving patients was censored at the time of last contact.
OS was compared between the surgical and non-surgical
groups among the three different clinical N stages (cN1,
¢N2 and ¢N3). Multivariable analysis was performed with
the Cox proportional hazards model, in order to study the
effects of several prognostic factors on survival, expressed
as hazards ratios (HRs); adjusted survival curves were
generated for the overall population and the ¢N subgroups.
P values for differences were calculated, with a significance
level of P<0.05.

Results
Patient and treatment characteristics

A total of 7,520 patients met inclusion criteria and were
included in the analysis. Key baseline patient characteristics
are summarized in 7able 1. The median age was 65 years
(range, 18-90 years) for the overall cohort. The majority of
patients were Caucasian (96.4%) and male (87.2%). Most
tumors were in the lower esophagus (83.2%). Of the overall
cohort, 5,615 (74.7%) patients had c¢N1 disease, 1,583
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Table 2 Kaplan Meier survival analysis based on treatment approach in different cN stages

Lymph node stage Median overall survival (months) 95% Cl 5-year OS estimate Log rank P value
cN1 <0.0001
CRT -> Surgery 37.9 35.2-40.6 36.90%
CRT 15.9 15.1-16.7 16.30%
cN2 <0.0001
CRT -> Surgery 30.1 26.5-33.7 31.60%
CRT 143 13.0-15.5 9.30%
cN3 <0.001
CRT -> Surgery 22.7 16.4-28.9 15.90%
CRT 13.1 12.0-14.3 0

cN, clinical lymph node state; cN1, clinical N1; cN2, clinical N2; cN3, clinical N3; CRT, chemoradiation.

Surgery
-~ 0.00
-+ 1.00

Cum survival

0.0

T T T T
0.00 12.00 24.00 36.00 48.00 60.00 72.00 84.00
Time from diagnosis

Figure 1 Overall Survival with CRT followed by surgery vs. CRT
alone. Surgery 0.00: CRT alone without surgery, blue curve.
Surgery 1.00: Surgery following CRT, green curve.

(21.1%) had c¢N2 disease, and 322 (4.3%) had cN3 disease.
The majority of patients had ¢T3 disease as would be
expected, and the percentage of patients with ¢T4 disease
was slightly higher in the CRT group compared to CRT
plus surgery group (6.7% vs. 2.3%). A total of 3,732 patients
(49.6%) underwent surgery after neoadjuvant therapy—
with decreasing frequency in the higher nodal staging
groups: 51.5% of cN1 patients, 46.4% of cN2 patients,
and 33.2% of c¢N3 patients (P=0.0001). Median radiation
dose was 4,860 cGy in CRT followed by surgery group and
4,680 cGy in the CRT alone group.

© Journal of Gastrointestinal Oncology. All rights reserved.

Survival analysis

The median follow-up was 19.6 months (range, 0-
83.9 months). Five-year OS was superior among patients who
received neoadjuvant CRT followed by surgery compared to
CRT alone across all nodal groups (36.9% vs. 16.3% in cN1;
31.6% vs. 9.3% in ¢cN2; 15.9% vs. 0 in cN3 group). Similarly,
neoadjuvant CRT followed by surgery was associated with
a longer median OS compared to CRT alone (mOS 37.9
vs. 15.9 months in ¢N1, P<0.0001; 30.1 vs. 14.3 months
in ¢cN2, P<0.0001; 22.7 vs. 13.1 months in ¢cN3 group,
P<0.001) (1able 2). Figure 1 displays Kaplan-Meier survival
curves for CRT followed by surgery versus surgery alone. In
multivariate analysis female sex, younger age, higher income,
care at an academic center, lower Charlson-Deyo score,
lower cN status, lower ¢T stage, and surgical resection were
independent predictors of long-term survival (Tzble 3).

Discussion

Neoadjuvant CRT followed by surgery is a standard of
care for resectable locally advanced esophageal AC. With
the refinement of the N classification to NO-N3 in the 7"
and subsequently 8" edition of the AJCC staging system,
N staging has become a valuable prognostic parameter.
However, its implications in guiding treatment and
determining the benefit of surgery remain unexplored.
Therefore, examining these crucial questions using a large
database such as the NCDB is of great value given the
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Table 3 Multivariable analysis of predictors of overall survival

Variable Hazard ratio (95% CI) P
Age 1.009 (1.006-1.013) <0.0001
Female sex 0.90 (0.82-0.98) 0.006
Income, highest quartile vs. lowest 0.82 (0.75-0.91) <0.0001
Charlson-Deyo Cl, >2 vs. 0 1.30 (1.14-1.48) <0.0001
Clinical T stage 1.15 (1.09-1.22) <0.0001
Clinical N stage

N2 vs. N1 1.19 (1.11-1.28) <0.0001

N3 vs. N1 1.36 (1.18-1.55) <0.0001
Academic center 0.94 (0.88-0.99) 0.04
Surgery 0.49 (0.46-0.53) <0.0001

substantial number of patients analyzed over the recent years.

The results of our study demonstrate that while addition
of surgery to CRT offers OS benefit compared to CRT
alone in patients with locally advanced esophageal AC, the
survival difference narrows with the advancing N stage
based on the number of involved lymph nodes. The OS of
patients with cN3 disease is less compared to patients with
cN1 or cN2 disease. This is not surprising as the higher
nodal stage is associated with higher risk of micro-metastatic
disease leading to distant recurrences. Esophagectomies
can be associated with high mortality and morbidity (16).
More than half of the patients experience compromised
quality of life (QOL) from one or more therapy related
long-term complications and it can take up to 9 months for
the QOL to return to baseline postoperatively (17,18). The
prolonged recovery from surgery and associated decline in
performance status could preclude a subset of patients from
receiving systemic therapy if they were to develop recurrent
disease shortly after surgery. While these considerations
may imply that surgery may not offer meaningful benefit
to patients with ¢N3 disease, our findings of 5-year OS of
nearly 16% with CRT followed by surgery versus 0% with
CRT alone indicates that surgery following neoadjuvant
CRT offers long term survival to at least a subset of patients
with ¢N3 disease and should continue to be offered to these
patients who are surgical candidates.

Future studies geared toward identification of predictive
biomarkers of improved outcomes with trimodality therapy
in this setting are needed to guide patient selection.
Assessment of minimal residual disease following CRT
and surgery utilizing circulating tumor DNA is one such

© Journal of Gastrointestinal Oncology. All rights reserved.

example. Certain clinical factors that are known to be
predictive of longer survival, including those identified
in our study, may influence the decision making. For
example, patients who are less likely to develop post-
operative complications and consequent prolonged recovery
including younger patients who are otherwise healthy with
robust performance status and lower Charlson-Deyo score,
and those who are being treated at an academic center
experienced in esophagectomies may be appropriate surgical
candidates despite having ¢cN3 disease. Based on findings
from retrospective studies showing no survival difference
with the timing of esophagectomy following completion
of CRT (within 8 weeks vs. after 8 weeks) (19), another
reasonable approach might be to avoid immediate surgery in
patients with extensive nodal disease with consideration of
delayed esophagectomy if they do not present with widely
metastatic disease. A PET/CT scan performed a few weeks
after completion of CRT is valuable in identifying patients
who develop disease progression during or shortly after
receiving CRT. Finally, recently reported data on the use of
adjuvant immune checkpoint inhibitor following trimodality
therapy in locally advanced esophageal AC suggest that
immune checkpoint inhibitors prevent some of the distant
relapses and enhance the long-term survival offered by
trimodality therapy even in patients with ¢cN3 disease, which
further supports the role of surgery in carefully selected
patients with advanced nodal disease (20,21) .

Our study has several unavoidable limitations inherent
to the studies utilizing a database or a registry. NCDB
does not provide information on several salient patient-,
tumor-, and treatment-specific factors such as details
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of chemotherapy regimen, toxicity, rate of pathologic
complete response, pathologic staging, QOL, and patterns
of recurrence, which limit the scope of current analysis.
Additionally, non-randomized and retrospective nature
of the study introduces an inherent selection bias. The
database does not capture information on why a patient did
not undergo surgical resection following CRT. Therefore,
it is unclear whether the intent for these patients was to
receive definitive CRT from the beginning or surgical
resection was planned but not pursued because of factors
that may confound OS analysis, such as disease progression
during or shortly after completion of CRT, decline in
performance status, or complications from CRT. Higher
proportion of patients with tumors in upper one-third of
the esophagus and a slightly higher proportion of patients
with ¢T4 disease in CRT without surgery group argue
towards the former case. Additionally, some patients with
non-regional N3 disease or patients with T4b disease
who may not be surgically resectable were still classified
as having locally advanced disease and were treated
with definitive intent CRT. Despite the limitations, the
findings of this study are noteworthy and pave the way for
prospective clinical trials to better define the subsets of
patients with locally advanced AC who are most likely to
benefit from surgery and those where immediate surgery
following CRT should be avoided. The use of a national
database with a large sample size and data on real world
practice patterns provides a greater statistical power and
makes the findings more generalizable.

Conclusions

The results of our study support the prognostic
significance of nodal staging in patients with locally
advanced esophageal AC and the importance of taking
it into consideration when selecting patients for surgical
treatment. In the absence of randomized prospective
data, the results suggest that surgery following CRT
confers an OS advantage compared to CRT alone, with
the largest benefit noted in patients with ¢cN1 and ¢N2
disease. Surgery following CRT also confers meaningful
long-term survival advantage for a subset of ¢cN3 patients.
Consequently, surgery should be offered to eligible patients
with ¢N1-3 disease following completion of CRT. Finally,
with the introduction of immune checkpoint inhibitors in
the adjuvant setting and emerging data on HER-2 directed
therapy, the role of PD-L1 expression and HER-2 status,
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as well as detection of minimal residual disease in guiding
decision on trimodality therapy in locally advanced disease
remains to be determined.
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