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Abstract

Objective: Determine whether adjuvant chemotherapy is associated with a survival benefit in
high risk T2—4a, pathologically node-negative distal esophageal adenocarcinoma.

Summary Background Data: There is minimal literature to substantiate the National
Comprehensive Cancer Network (NCCN) guidelines recommending adjuvant therapy for patients
with distal esophageal adenocarcinoma and no pathologic evidence of nodal disease.

Methods: The National Cancer Database was used to identify adult patients with pT2—
4aNOMO esophageal adenocarcinoma who underwent definitive surgery (2004-2015) and had
characteristics considered high risk by the NCCN. Patients were stratified by receipt of adjuvant
chemotherapy with or without radiation. The primary outcome was overall survival, which

was evaluated using Kaplan-Meier and multivariable Cox Proportional Hazards models. A 1:1
propensity score-matched analysis was also performed to compare survival between the groups.

Results: 403 patients met study criteria: 313 (78%) without adjuvant therapy and 90 who
received adjuvant chemotherapy with or without radiation (22%). In both unadjusted and
multivariable analysis, adjuvant chemotherapy with or without radiation was not associated
with a significant survival benefit compared to no adjuvant therapy. In a subgroup analysis
of 335 patients without high risk features by NCCN criteria, adjuvant chemotherapy was not
independently associated with a survival benefit.

Conclusion: In this analysis, adjuvant chemotherapy with or without radiation was not
associated with a significant survival benefit in completely resected, pathologically node-negative
distal esophageal adenocarcinoma, independent of presence of high risk characteristics. The risks
and benefits of adjuvant therapy should be weighed before offering it to patients with completely
resected pT2-4aNOMO esophageal adenocarcinoma.
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To our knowledge, no previous studies have substantiated the National Comprehensive

Cancer Network recommendations for adjuvant chemoradiation for patients with high risk T2—
4aNOMO esophageal adenocarcinoma. In an analysis of the National Cancer Database, adjuvant
chemotherapy was not found to improve overall survival in these patients.
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INTRODUCTION

The National Comprehensive Cancer Network (NCCN) recommends consideration of
adjuvant chemotherapy and radiation for ‘high risk’ patients with completely resected
T2-4aNOMO distal esophageal adenocarcinoma who did not receive neoadjuvant therapy.
The NCCN defines high risk features as age less than 50 years, high grade tumors,
lymphovascular invasion (LVI1), and perineural invasion. Several clinical trials have
demonstrated improved rates of complete (RO) resection and overall survival for esophageal
cancer treated with preoperative chemoradiation (CRT) in addition to surgery.1:2 Other
studies have also demonstrated the efficacy of pre- and postoperative chemotherapy in
improving survival for patients with operable esophageal adenocarcinoma.34 However, the
current NCCN recommendations for adjuvant therapy in esophageal adenocarcinoma are
largely based on the SWOG9008/INT-0116 trial. In this study, patients with stage 1B to

IV gastric or esophagogastric junction (EGJ) adenocarcinoma were randomized to either
observation or CRT following an RO resection. Patients in the postoperative CRT group
had improved overall and disease-free survival compared to those that received surgery
only.> While there are retrospective studies that suggest adjuvant therapy is beneficial for
patients with node positive esophageal cancer®”, there are no prospective studies, and
limited retrospective data, in patients with pathologically node-negative disease.

While much of the current literature regarding paradigms for delivery of chemo- and
radiation therapy in esophageal cancer has been focused on the neoadjuvant setting, recent
analyses suggest that upward of 12-15% of patients for whom induction therapy is indicated
do not receive therapy as recommended.8 It is critical to better understand which patients
truly benefit from postoperative therapy given its inherent risks and the variability in
guideline concordant use of perioperative therapy. We performed a retrospective analysis

of a large, national database to examine the effect of adjuvant chemotherapy on outcomes in
patients with node-negative, T2—4a distal esophageal adenocarcinoma who did not undergo
induction therapy. We hypothesized that adjuvant chemotherapy would be associated with a
survival benefit in high risk patients with T2—4aNOMO esophageal adenocarcinoma.

METHODS

Data Source

This study was deemed exempt by our Institutional Review Board. The National Cancer
Database (NCDB) was the data source for this study: it is a collaborative effort of

Ann Surg. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rucker et al.

Page 3

the American Cancer Society and the American College of Surgeons, and catalogues
information about approximately 80% of cancers diagnosed across the United States every
year.9 Data are collected prospectively by certified, independent tumor registrars in about
1500 centers.

Study Design

In the first part of the study, the aim was to examine the impact of adjuvant therapy on
outcomes in patients with high risk, T2 or more deeply invasive but node-negative distal
esophageal adenocarcinoma. The NCDB was used to identify high risk patients with pT2—
4aNOMO distal esophageal adenocarcinoma undergoing esophagectomy between 2004 and
2015 (Figure 1a). Patients who underwent induction therapy of any kind, who suffered

a postoperative mortality within 90 days, who were deemed medically unfit for adjuvant
chemotherapy, who had missing survival or treatment information, or who had positive
resection margins were excluded. While the NCDB catalogues data about patient age, tumor
grade, and LVI, we were limited by missing data about LV for a significant proportion of
patients (74%). As a result, we included patients as high risk if they were known to have
LV1, but did not use this variable in our multivariable Cox models. The high fraction of
missing data also precluded imputation.

We initially developed a multivariable Cox proportional hazards model to test interactions
between high risk features and adjuvant chemotherapy with or without radiation. This was
utilized to verify the validity of high risk characteristics as defined by the NCCN and define
criterion for our high risk cohort in our subsequent analyses. We performed this analysis

on the overall cohort of 738 patients, regardless of presence of high risk features, with
completely resected, distal pT2—-4aNOMO esophageal adenocarcinoma. The interaction terms
for grade (ANOVA p=0.001) and age (ANOVA p<0.001 and Supplemental Figure 1) were
significant, suggesting that these variables mediated the effect of adjuvant chemotherapy

on survival. However, the interaction term for LVI was not significant (ANOVA p=0.51).
Because only a subset of patients, based on grade and age, were analyzed thereafter in the
study, these interaction terms were not included in the following regression models. The
remainder of our analyses were performed in only our high risk cohort or low risk cohort,
independently.

We stratified patients with high risk features by receipt of adjuvant chemotherapy with

or without radiation. Baseline characteristics between the groups were compared using

the Wilcoxon rank sum and Pearson’s chi-squared tests for continuous and categorical
variables, respectively. The primary outcome was overall survival, which was computed
from diagnosis to any cause mortality. Survival was modeled using Kaplan-Meier and
multivariable Cox proportional hazards methods. Variables included in the Cox model were
selected based on their modification of treatment effect on overall survival and included age,
sex, race, year of diagnosis, Charlson-Deyo comorbidity (CDCC) index, insurance status,
treatment at an academic program, pathologic T stage, tumor size, tumor grade, and receipt
of adjuvant radiation. An additional analysis was performed stratifying patients by number
of high risk factors to evaluate if the presence of >1 risk factor is associated with worse
survival or an interaction with adjuvant chemotherapy.
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Due to imbalances in baseline characteristics between the two groups, a sensitivity analysis
was performed using 1:1 propensity score-matched patient pairs. Using receipt of adjuvant
therapy as the exposure, a greedy nearest neighbor algorithm was used that matches patients
by propensity for treatment allocation based on a logistic regression model that included
variables associated with the outcome, outcome and exposure, and exposure. A caliber width
of 0.1 of the standard deviation of the logit of the propensity score was used because a
traditional caliper of 0.2 did not achieve covariate balance based on standardized mean
differences.19 Variables included in the regression model were age, sex, CDCC score,
tumor grade, presence of LVI, facility type, pathologic T stage, and tumor size. There

was no replacement of matched controls during matching. The matching process created a
group of patients with overlapping propensity for treatment scores, which both eliminated
outliers and patients for whom either treatment would be rare. Covariate balance was
checked using standardized differences and plots of propensity scores (Supplemental Figure
3). A multivariable Cox model was performed to evaluate the association of adjuvant
chemotherapy with survival. For all Cox models, the proportional hazards assumption was
checked using Schoenfeld residuals and a =10:1 event to degrees of freedom ratio was
maintained.

In the second part of the study, patients without high risk features were selected to
evaluate the question of whether these patients experience a survival benefit with adjuvant
chemotherapy (Figure 1b). Overall survival was evaluated as above. However, due to the
small number of patients who received adjuvant therapy in this cohort, a propensity score-
matched subgroup analysis was not performed.

Missing data were handled with complete case analysis given the completeness of the
NCDB, with exceptions noted above. A two-sided p value equal to or less than 0.05 was
considered statistically significant. All statistical analyses were performed using R version
3.5.1 (Vienna, Austria).

High Risk Patients

For the first portion of the study examining our high risk cohort, a total of 403 patients

met study criteria: 313 who did not receive adjuvant therapy (78%) and 90 who received
adjuvant chemotherapy with or without radiation (22%). Compared to patients who did not
receive adjuvant therapy, patients who received adjuvant chemotherapy were more likely to
be younger, be privately insured, and have more advanced pathologic T stage (Table 1). The
five-year survival for patients not receiving adjuvant therapy and those receiving adjuvant
therapy was 44% (95%CI 39-50) and 44% (95%CI 34-56), respectively (Figure 2a). In

a multivariable Cox regression, the receipt of adjuvant chemotherapy was not associated
with improved survival compared to no adjuvant therapy (Table 2). In a sensitivity analysis
of 71 propensity score-matched patient pairs (Supplemental Table 1), five-year survival

for patients not receiving adjuvant therapy and those receiving adjuvant chemotherapy

was 46% (95%CI 35-60) and 46% (95%CI 35-60), respectively (Figure 2b). Adjuvant
chemotherapy was not associated with improved survival compared to no adjuvant therapy
in a multivariable regression (Table 3).

Ann Surg. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rucker et al.

Page 5

An additional analysis was performed examining patients based on the number of risk
factors they had. A total of 346 patients had one risk factor and 57 patients had two or
more risk factor (Supplemental Table 2). The five-year survival for patients with one or at
least two high risk factors was 44% (95% 39-50) and 43% (95%CI 30-60), respectively
(Supplemental Figure 2). In a multivariable Cox model, the presence of at least two risk
factors was associated with similar survival compared to a single risk factor (HR 1.32;
95%Cl 0.83-2.10; p=0.25). An interaction term of number of risk factors and adjuvant
chemotherapy was nonsignificant (ANOVA p=0.46), suggesting the number of risk factors
was not associated with the relationship between adjuvant chemotherapy and survival.

Low Risk Patients

A total of 335 patients without high risk features were identified, of whom 291 (87%) did
not receive adjuvant therapy and 44 (13%) received adjuvant chemotherapy with or without
radiation. Compared to patients who did not receive adjuvant therapy, those who did were
more likely to be younger, be diagnosed at an earlier year, be privately insured, have a
more advanced pathologic T stage, and have a larger tumor (Table 4). Unadjusted five-year
survival for patients not receiving adjuvant therapy and those receiving adjuvant therapy
was 50% (95%CI 44-56) and 44% (95%CI 31-61), respectively (Supplemental Figure 4).
In a multivariable regression, the receipt of adjuvant chemotherapy was not associated with
improved survival compared to no adjuvant therapy (Table 5).

DISCUSSION

In this analysis of the NCDB, we found that despite NCCN recommendations the majority
of patients with T2—4a, node-negative distal esophageal adenocarcinoma failed to receive
adjuvant therapy of any kind. Amongst patients with high risk characteristics in our cohort,
there was no difference in survival based on the receipt of adjuvant therapy. Similarly,

in a separate analysis of patients with T2-4aNOMO esophageal adenocarcinoma without
high risk characteristics, we found that receipt of adjuvant therapy was not associated with
improved survival. In aggregate, our findings suggest that adjuvant therapy is not associated
with improved overall survival for completely resected, pT2-4aNOMO distal esophageal
adenocarcinoma regardless of the presence of high risk features. Therefore, the risks and
benefits of adjuvant therapy should be weighed carefully before being offered to patients
receiving upfront surgery for T2 or more deeply invasive but pathologically node-negative
distal esophageal adenocarcinoma.

To our knowledge this is the first study exploring the utility of adjuvant therapy in

patients with T2—4a distal esophageal adenocarcinoma without pathological evidence of
nodal metastatic disease. Currently, for those that did not receive preoperative therapy, the
NCCN recommends adjuvant chemoradiation for patients with high risk T2—4a tumors in
addition to those that have positive lymph nodes. These recommendations are largely based
on the Intergroup trial, INT-0116, which concluded that patients with Stage IB to IV gastric
or EGJ adenocarcinoma who receive postoperative CRT have improved overall and relapse-
free survival compared to those who receive surgery alone. However, only 20% of the
study population had EGJ primary tumors and 80% of patients had positive lymph nodes.>
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Therefore, the merit of extrapolating data from this trial to support use of adjuvant therapy
in patients with T2—4a, lymph node-negative esophageal adenocarcinoma is unclear. While
no previous studies have examined use of adjuvant therapy for node-negative esophageal
adenocarcinoma, several retrospective analyses have concluded neoadjuvant therapy offers
no survival benefit for these patients.1112

Several recent, single institution studies have identified characteristics that portend higher
risk for recurrence and mortality following resection in esophageal adenocarcinoma which
include high tumor grade, presence of lymphovascular invasion, and presence of perineural
invasion.13-15 While these characteristics correlate with high risk factors as defined by

the NCCN, no previous studies have validated that adjuvant therapy improves survival

for patients with completely resected, pT2-4aNOMO esophageal adenocarcinoma who have
tumors with high risk characteristics. In spite of the NCCN recommendations, our findings
suggest there is no benefit to adjuvant therapy in these patients. Further, in our low risk
cohort, there was no significant difference in 5-year survival between patients who received
adjuvant therapy and those who did not. Taken together, these findings suggest that adjuvant
therapy may have a limited role for patients with T2 or more deeply invasive, node-negative
esophageal adenocarcinoma, and may even place low risk patients at risk for undue harm
from treatment toxicity.

This study has several limitations. While we included a propensity score-matched analysis,
there is a possibility that unmeasured confounders exist in our data that have not been
properly addressed as is inherent with any retrospective study utilizing a large, national
database. With respect to the NCDB specifically, our analysis was limited by the granularity
of the data available. For one, the NCDB does not catalogue the presence of perineural
invasion, which is a recognized high risk feature in patients with esophageal cancer. Further,
there is no information on recurrence, so we have no ability to comment on differences

in time to recurrence, location of recurrence, or disease-free survival based on adjuvant
strategy. Further, we have no insight into specific chemotherapy regimens patients received
and the reasons patients were assigned to a certain adjuvant treatment arm. While we assume
that any discrepancies in reasons for these therapies would be random between the two
groups, we cannot definitively evaluate that with our data source, which introduces the
possibility of selection bias. Despite these limitations the large scale of the NCDB allows
an analysis beyond the capabilities of single-institution studies, especially in addressing
specialized patient populations like in this study.

In conclusion, we found that adjuvant chemotherapy was not associated with a significant
survival benefit compared to no adjuvant therapy in completely resected pathologically
node-negative distal esophageal adenocarcinoma in this analysis, including patients
considered high risk by NCCN. The risks and benefits of adjuvant therapy must therefore
be weighed before offering it to patients in this population. Further studies are needed to
better delineate the subpopulations of patients with esophageal adenocarcinoma who may
best benefit from adjuvant therapy.
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Figurel.

NCDB patients with pT2-4aNOM0
distal esophageal adenocarcinoma
undergoing surgery (2004-2015)

Exclusion criteria (n=3579)
90-day mortality/unknown survival(n=658)
>RO0 resection (n=334)
nduction therapy, unknown periop therapy,
or deemed unfit (n=2223)

Did not meet high risk criteria (n=364)

Study patlents (n=403)

NCDB patients with pT2-4aNOMO0
distal esophageal adenocarcinoma
undergoing surgery (2004-2015)

Exclusion criteria (n=3579)
90-day mortality/unknown survival(n=658)
>R0 resection (n=334)
nduction therapy, unknown periop therapy,
or deemed unfit (n=2223)

Did not meet low risk criteria (n=432)

Study patlents (n=335)

STROBE diagram of (a) high risk and (b) low risk patients analyzed
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Adjuvant Therapy
== None
== Chemo with/without RT

p=0.8

0 1 2 3 4 5
Time (years)

Number at risk

313 273 191 143 17 93
90 82 61 46 37 29
0 1 2 3 4 5

Time (years)

Adjuvant Therapy
= None
== Chemo with/without RT

p=0.81

0 1 2 3 4 5
Time (years)

Number at risk

7 61 42 33 27 23
7 66 49 38 32 24
0 1 2 3 4 5

Time (years)

Kaplan-Meier survival curves for (2) unmatched and (b) propensity score-matched high risk
patients with pT2-4NOMO distal esophageal adenocarcinoma, stratified by type of adjuvant
therapy. The p value refers to the log-rank test. Shaded regions represent the 95% confidence

interval.

Numbers at risk are provided beneath the graph
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No adjuvant therapy n=313(%) Adjuvant chemo with or without radiation p value
n=90 (%)
Age (years, median) (IQR) 68 (60-74) 60 (49-68) <0.001
Age <50 years 27(9) 23(26) <0.001
Sex (female) 44(14) 16(18) 0.48
Race 0.85
White 299(97) 85(96)
Black 5(2) 2(2)
Other 5(2) 2(2)
Year of diagnosis, median (IQR) 2008(2006-2010) 2008 (2006-2009) 0.46
CDCC Score 0.74
0 214(68) 63(70)
1 74(24) 22(24)
2+ 25(8) 5(6)
Insuranee status 0.05
Government 179(59) 40(44)
Private 120(40) 48(53)
None 5(1) 2(2)
Facility location 0.74
Metro 233(78) 67(78)
Urban 55(18) 17(20)
Rural 12(4) 2(2)
Facility type 0.56
Community cancer program 15(5) 6(7)
Comprehensive community cancer program 105(34) 35(40)
Integrated network cancer program 22(7) 6(7)
Academic/research program 170(55) 41(47)
Pathologic T stage <0.001
2 186(59) 28(31)
3 127(41) 61(68)
4a 1(0) 11)
Tumor size (median mm) (IQR) 31 (22-45) 32 (22-48) 0.37
Grade 0.04
Moderately differentiated 19(6) 12(14)
Well differentiated 5(2) 3(3)
Poorly differentiated 287(92) 74(83)
Lymphovascular invasion 35(39) 13(62) 0.09
Adjuvant radiation 0(0) 57(63) <0.001
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No adjuvant therapy n=313(%) Adjuvant chemo with or without radiation p value
n=90 (%)
Median survival (months) (IQR) 41 (34-61) 46 (35-65) 0.80
Mortality events 189(60) 59(66) 0.44
Median follow-up (months) (IQR) 33(17-68) 38(20-65) 0.42

IQR indicates Interquartile Range, CDCC, Charlson-Deyo Comorbidity Index
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Table 2.

Cox multivariable regression of variables independently associated with survival.

95% Confidence Interval

Predictor Hazard Ratio L ower Upper p-value
Age (per year) 1.04 1.02 1.05 0.003
Sex (female) 0.63 0.42 0.94 0.02
Race (reference: White)
Black 2.30 0.82 6.47 0.12
Other 2.54 111 5.82 0.03
Year of diagnosis (per year) 0.97 0.92 1.02 0.26
CDCC score (reference: 0)
1 0.87 0.63 121 0.42
2+ 0.85 0.51 1.43 0.54
Insurance status (reference: government)
Private 0.93 0.67 1.30 0.68
None 0.82 0.19 3.53 0.78
Facility type (reference: non-academic)
Academic/Research Program 0.80 0.60 1.05 0.11
Pathologic T stage (reference: T2)
T3 or T4a 1.49 1.12 1.98 0.006
Tumor size (per mm) 1.00 0.99 1.00 0.17
Grade (reference: poorly differentiated)
Well differentiated 0.86 0.48 1.54 0.61
Moderately differentiated 0.30 0.04 221 0.24
Adjuvant radiation (reference: none) 1.83 0.96 3.48 0.07
Type of adjuvant therapy (reference: none)
Chemotherapy with or without radiation 0.77 0.43 1.38 0.39

CDCC indicates Charlson-Deyo Comorbidity Index
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Cox multivariable regression of variables independently associated with survival in propensity score-matched

patients.
95% Confidence Interval
Variable Hazard Ratio L ower Upper p-value
Age (per year) 1.03 1.01 1.06 0.01
Sex (female) 0.49 0.26 0.93 0.03
Facility type (reference: non-academic)
Academic/Research Program 0.85 0.55 1.31 0.46
Pathologic T stage (reference: T2)
T3 or T4a 117 0.67 2.03 0.58
Tumor size (per mm) 1.01 0.99 1.02 0.24
Grade (reference: poorly differentiated)
Well/moderately differentiated 0.41 0.18 0.98 0.05
Adjuvant radiation (reference: none) 1.73 0.89 3.34 0.10
Type of adjuvant therapy (reference: none)
Chemotherapy with or without radiation 0.86 0.45 1.63 0.64
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Demographic characteristics of low risk study patients
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No adjuvant therapy n=291 (%) Adjuvant chemo with or without radiation p value
n=44 (%)
Age (years, median) (IQR) 69 (63-76) 61(58-67) <0.001
Sex (female) 51(18) 8(18) 1.00
Race 0.50
White 281(97) 43(100)
Black 4(1) 0(0)
Other 5(2) 0(0)
Year of diagnosis, median (IQR) 2008 (2006-2010) 2007 (2005-2008) 0.008
CDCC Score 0.33
0 184(63) 28(64)
1 83(29) 15(34)
2+ 24(8) 1(2)
Insurance status 0.002
Government 195(69) 19(43)
Private 86(30) 25(57)
None 3(1) 0(0)
Facility location 0.62
Metro 224(80) 32(80)
Urban 50(18) 6(15)
Rural 7(3) 2(5)
Facility type 0.85
Community cancer program 13(5) 1(2)
Comprehensive community cancer program 105(36) 18(41)
Integrated network cancer program 24(8) 4(9)
Academic/research program 149(51) 21(48)
Pathologic T stage <0.001
2 190(65) 12(27)
3 101(35) 32(73)
Tumor size (median mm) (IQR) 30(20-45) 43(30-61) <0.001
Grade 0.50
Moderately differentiated 250(86) 40(91)
Well differentiated 41(14) 4(9)
Adjuvant radiation 0(0) 33(75) N/A
Median survival (months) (IQR) 59(49-74) 54(33-95) 0.71
Mortality events 167(57) 30(68) 0.23
Median follow-up (months) (IQR) 45(24-78) 48(22-86) 0.63

IQR indicates Interquartile Range, CDCC, Charlson-Deyo Comorbidity Index
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Cox multivariable regression of variables independently associated with survival.

Table 5.

95% Confidence Interval

Predictor Hazard Ratio L ower Upper p-value
Age (per year) 1.02 1.00 1.05 0.02
Sex (female) 0.79 0.52 1.20 0.27
Race (reference: White)
Black 3.17 0.93 10.8 0.07
Other 0.84 0.20 3.53 0.81
Year of diagnosis (per year) 0.98 0.92 1.05 0.60
CDCC score (reference: 0)
1 1.09 0.78 1.52 0.63
2+ 1.07 0.63 1.82 0.81
Insurance status (reference: government)
Private 0.67 0.45 1.01 0.06
None 1.60 0.37 6.89 0.53
Facility type (reference: non-academic)
Academic/Research Program 0.91 0.67 1.24 0.54
Pathologic T stage (reference: T2)
T3 or T4a 1.56 111 221 0.01
Tumor size (per mm) 1.00 0.99 1.01 0.90
Grade (reference: moderately differentiated)
Well differentiated 0.46 0.26 0.82 0.009
Adjuvant radiation (reference: none) 0.89 0.29 271 0.84
Type of adjuvant therapy (reference: none)
Chemotherapy with or without radiation 1.03 0.36 2.92 0.95

CDCC indicates Charlson-Deyo Comorbidity Index
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