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Background: The optimal neoadjuvant radiation therapy (RT) dose prior to esophagectomy is unknown.
We compared patients receiving lower-dose RT (LD-RT) of 41.4-45 Gy versus those receiving higher-dose
RT (HD-RT) of 50-54 Gy.

Methods: Patients with non-metastatic esophageal or gastroesophageal cancer diagnosed from 2004 to
2015 who underwent neoadjuvant chemoradiation (CRT) followed by esophagectomy were identified using
the National Cancer Database (NCDB) and divided into LD-RT and HD-RT groups. Logistic regression
was used to evaluate predictors of HD-RT utilization and propensity score matching. Overall survival
(OS) was compared between HD-RT and LD-RT groups using Cox regression. Logistic regression was
performed with respect to pathologic complete response (pCR), positive surgical margins, postoperative
mortality, and readmission rates.

Results: We identified 7,996 patients meeting inclusion criteria, of which 5,732 (71.7%) received HD-RT.
At median follow-up of 3.3 years, 3-year OS was 48.7% for HD-RT versus 48.4% for LD-RT (P=0.734).
pCR rates were 20.3% with HD-RT versus 16.3% with LD-RT [odds ratio (OR) 1.24; 95% CI: 1.06-1.44;
P=0.006]. There were no statistically significant differences between HD-RT and LD-RT with respect to
positive margins, 90-day postoperative mortality, or readmission rates. In a separate analysis of patients
treated with CRT alone and no subsequent esophagectomy, HD-RT was associated with improved OS (HR
0.83; 95% CI: 0.78-0.88; P<0.001).

Conclusions: Our analysis suggests that 41.4-45 and 50-54 Gy dose regimens are similar in survival and
postoperative outcomes. However, in cases of equivocal resectability, a higher RT dose of 50-54 Gy may be
preferred.
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Introduction

Esophageal cancer is the eighth most common cancer
worldwide, affecting an estimated 17,290 patients in the
United States and 455,800 patients globally on an annual
basis (1,2). Neoadjuvant chemoradiation (CRT) followed by
esophagectomy is considered the standard of care for locally
advanced disease (3,4).

The publication of the ChemoRadiotherapy for
Oesophageal cancer followed by Surgery Study (CROSS)
trial in 2012 firmly established the role of neoadjuvant
CRT (5,6). However, substantial heterogeneity exists
among different clinical trial protocols in the dosage and
fractionation used for neoadjuvant radiation therapy (RT).
The CROSS trial utilized neoadjuvant RT to a dose of
41.4 Gy in 23 fractions. Other published clinical trial
protocols use widely heterogeneous dosages, ranging from
30 Gy in the PreOperative therapy in Esophagogastric
adenocarcinoma Trial (POET) trial to 50.4 Gy in the
Cancer and Leukemia Group B (CALGB) 9781 trial (7-11).

The landmark Integroup-0123 trial investigated the
impact of dose escalation to 64.8 Gy compared to 50.4 Gy
in esophageal cancer, and found no difference in survival
outcomes (12). However, this trial specifically analyzed
patients receiving definitive CRT. In the neoadjuvant
setting, there are minimal data and no randomized studies
to guide selection of RT dose. Guidelines from the National
Comprehensive Cancer Network (NCCN) and European
Society of Medical Oncology (ESMO) allow for a dose
range from 41.4 to 50.4 Gy (3,4).

Therefore, the optimal neoadjuvant RT dose for
esophageal cancer remains unclear. Given the scarcity of data
to guide RT dose in the preoperative setting, we utilized the
National Cancer Database (NCDB) to compare esophageal
cancer patients receiving a lower dose of 41.4-45 Gy
(LD-RT) to those receiving a higher dose of 50-54 Gy
(HD-RT). We analyzed these two cohorts with respect to
survival outcomes, pathologic response, and postoperative
mortality and readmissions. We additionally identified
a substantial population of patients who do not undergo
esophagectomy after receiving neoadjuvant RT dosing, and
compared survival by RT dose in this population as well.

Methods

The NCDB is a national oncology database sponsored
by the College of Surgeons and the American Cancer
Society. It includes patient data from over 1,500 accredited
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facilities and captures >70% of newly diagnosed cancer
cases in the United States (13). The data used in the
study are derived from a de-identified NCDB file. The
American College of Surgeons and the Commission on
Cancer have not verified and are not responsible for the
analytic or statistical methodology used, or the conclusions
drawn from these data by the investigators. Ethical
statement: this study uses only de-identified data from the
National Cancer Database and is considered exempt from
Institutional Board Review.

Patient cobort definition

Using the NCDB, a total of 163,754 patients were identified
with cancers of the esophagus or the gastroesophageal
junction (GE]) diagnosed from 2004 to 2015. Patients were
excluded if they had histology other than adenocarcinoma
or squamous cell carcinoma (SCC), had metastatic disease
or unknown metastatic status at presentation, did not
undergo esophagectomy, did not receive CRT followed by
surgery, had unknown RT dose, or had a RT dose outside
the ranges of 41.4-45 and 50-54 Gy. The remaining
patients were stratified into a lower-dose RT (LD-RT)
group receiving 41.4-45 Gy, and a higher-dose RT group
(HD-RT) receiving 50-54 Gy. Exclusion criteria for this
cohort, are summarized in Figure 1.

Variable definitions

All variables were selected 4 priori. Demographic
variables including age, year of diagnosis, race, insurance
status, facility type, and facility location were defined
according to their respective data fields in the NCDB data
dictionary (14). Facility regions were grouped into
Northeast, South, Midwest, and West regions. Insurance
status was grouped into government (Medicare/
Medicaid/other), private, or uninsured. Histologies
of adenocarcinoma and SCC were defined using the
International Classification of Diseases for Oncology, 3™
edition ICD-0O-3) codes (15). All TNM staging was done
according to the American Joint Committee on Cancer
(AJCC) 7" edition staging manual.

For treatment variables, receipt of surgery, type of
surgery performed, as well as chemotherapy and radiation
were defined by their respective fields in the data dictionary.
The total RT dose was defined as the sum of the primary
site and boost site radiation dosages. Time from CRT
to surgery was calculated using the formula: (days from
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Primary exclusion criteria

* Metastatic disease or unknown metastatic
status (n=61,468)

e Histology other than adenocarcinoma or
squamous cell (n=7,492)

Secondary exclusion criteria

e Unknown receipt of radiation, chemotherapy,
or surgery (n=3,070)

* No surgery, or surgery other than
esophagectomy (n=62,628)

¢ Did not receive neoadjuvant CRT (n=14,985)

e Unknown radiation dose (n=2,205)

¢ Radiation dose not within specified ranges
(n=1,419)

* Unknown pathologic stage (n=2,491)

HD-RT
Dose of 50-54 Gy

LD-RT
Dose of 41.4-45 Gy

Figure 1 Diagram illustrating exclusion criteria and case selection for patient cohort. NCDB, National Cancer Database; GEJ,

gastroesophageal junction; CRT, chemoradiation; RT, radiation therapy; HD, higher-dose; LD, lower-dose.

diagnosis to surgery) - (days from diagnosis to radiation
start) - (days elapsed for radiation); patients were stratified
by delay of >10 weeks (16). Finally, pathologic complete
response (pCR) was defined by ypTONO staging, similar to
the CROSS trial.

Analysis of bigh-dose versus low-dose neoadjuvant
radiation

Multivariate logistic regression was performed to assess
factors predictive of receiving HD-RT. This was also used
to generate propensity scores, with all factors included
in propensity score generation regardless of statistical
significance.

We performed survival analysis in the two cohorts as
defined above. Survival analyses were performed using the
log-rank test for univariate analysis and Cox proportional
hazards regression for multivariate analysis. The final
parsimonious multivariate Cox model was formed by using
hierarchical backwards selection of variables significant at
P<0.10. The proportional hazards assumption was assessed
for all variables in the final multivariate analysis and was not
violated (17).

Propensity score-matched analysis was performed. One-
to-one nearest neighbor matching without replacement
with caliper width of 0.10. Log-rank test was performed in
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the final matched cohort.

Analysis of CRT without esopbagectomy

Our analysis identified a population of patients who do not
undergo esophagectomy after receiving neoadjuvant RT
dosing. We therefore defined a separate cohort of patients
receiving CRT without esophagectomy, using identical
exclusion criteria other than receipt of esophagectomy
(Figure S1). This second cohort was used for survival
analysis, and multivariate Cox proportional hazards
regression was used to analyze the association between
radiation dose and survival using identical methodology as
described in the previous section.

Analysis of secondary endpoints

We defined the following four secondary endpoints: pCR,
surgery with positive surgical margins, 90-day mortality
following surgery, and readmission within 30 days
of surgical discharge. For each of these endpoints, we
performed multivariate analysis using logistic regression
(again using hierarchical backwards selection of variables
significant at P<0.10). For the analysis of pCR, we specified
a priori a subset analysis by underlying histology (SCC
versus adenocarcinoma). All statistical analyses were
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performed using SPSS statistical software (version 23.0;
IBM Corporation, Armonk, NY, USA). A significance level

of 0.05 was used for all analyses.

Results
Patient cobort characteristics

A total of 7,996 patients at a median follow-up of 3.3 years
for living patients were identified in the NCDB that met the
inclusion criteria (Figure I). The demographic, pathologic,
and treatment characteristics of our patient cohort
are summarized in Tzble 1. The median time between
completion of radiation treatment and esophagectomy was
50 days [interquartile range (IQR) 40 to 64 days].

Utilization of bigher-dose RT

Of the total 7,996 patents, there were 5,732 patents (71.7%)
who received HD-RT of 50-54 Gy and 2,264 patients
(28.3%) who received LD-RT of 41.4-45 Gy. Within
the HD-RT group 5,425 patients (94.6%) received 50—
51 Gy, and within the LD-RT group 1,802 patients (79.6%)
received 45 Gy. Table 2 illustrates the distribution of factors
between the HD-RT and LD-RT cohorts, in addition to
odds ratios (OR) based on logistic regression. Predictors
of increased HD-RT utilization included: time between
CRT and surgery >10 weeks (OR 1.30; 95% CI: 1.12-1.52;
P<0.001). Decreased HD-RT utilization was associated with
age >65 (OR 0.83; 95% CI: 0.72-0.95; P=0.009), treatment
in the south region (OR 0.62; 95% CI: 0.51-0.76; P<0.001),
and GE]J primary (OR 0.78; 95% CI: 0.67-0.91; P=0.002).
Notably, clinical T and N stage were not associated with
HD-RT utilization.

Survival analysis

Kaplan-Meier curves comparing HD-RT and LD-RT
groups are depicted in Figure 2A4. Three-year overall survival
(OS) was 48.7% and median survival 34.8 months in patients
receiving HD-RT compared to 48.4% and 34.7 months in
patients receiving LD-RT (log-rank P=0.734).

On multivariate Cox regression, significant predictors
of OS included: year of diagnosis, Charleson-Deyo
comorbidity score, insurance, facility type, T stage, N
stage, and time between RT and surgery >10 weeks
(Table 3). Notably, receipt of HD-RT versus LD-RT was
not associated with survival (HR 1.02; 95% CI: 0.95-1.10;
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P=0.580). Similarly, in a propensity matched cohort of 4,022
patients, there was no survival benefit (log-rank P=0.298).

Patients receiving CRT without subsequent esophagectomy

Patients receiving CRT without esophagectomy were
identified in the NCDB (Figure S1).

We compared HD-RT and LD-RT in patients receiving
definitive CRT without esophagectomy. In this comparison,
3-year OS was 28.7% in the HD-RT group and 22.2%
in the LD-RT group (log-rank P<0.001; Figure 2B). After
multivariate adjustment (7able 3), HD-RT was associated
with improved survival in the definitive setting (HR 0.83;
95% CI: 0.78-0.88; P<0.001). After propensity score
matching in a matched cohort of 3,639 patients, 3-year OS
was 27.3% with HD-RT versus 22.2% with LD-RT (log-
rank P<0.001).

Analysis of secondary outcomes

We compared the HD-RT and LD-RT groups in the
primary cohort (neoadjuvant CRT + esophagectomy) on
the basis of pCR rate. The overall pCR rate was 20.3%
in the HD-RT group and 16.3% in the LD-RT group.
On multivariate regression shown in 7able S1, HD-RT of
50-54 Gy was associated with higher pCR rate (OR 1.24;
95% CI: 1.06-1.44; P=0.006). In 6,930 patients with
adenocarcinoma, the overall pCR rate was 17.1%, with
a rate of 18.3% in the HD-RT group and 14.0% in the
LD-RT group (OR 1.33; 95% CI: 1.12-1.57; P=0.001).
In 1,067 patients with SCC, the overall pCR rate was
32.8%, rate of 33.1% in the HD-RT group and 32.1% in
the LD-RT group (OR 0.94; 95% CI: 0.67-1.32; P=0.733;
Pinteraction=0-115).

Separate multivariate logistic regressions were performed
for each of the secondary endpoints, which did not show any
significant differences between HD-RT and LD-RT groups
(data not shown). The rate of positive surgical margins was
6.1% with HD-RT and 6.3% with LD-RT; there was no
statistically significant difference (OR 0.99; 95% CI: 0.78-
1.24; P=0.908). In terms of 90-day postoperative mortality,
the rate was 6.3% with HD-RT and 5.3% with LD-
RT; again there was no statistically significant difference
(OR 1.17; 95% CI: 0.94-1.45; P=0.173). Finally, in terms
of readmission within 30 days of discharge, rate was 6.6%
in HD-RT group and 6.5% in the LD-RT group with no
statistically significant difference (OR 1.03; 95% CI: 0.84-
1.25; P=0.784).

7 Gastrointest Oncol 2019;10(4):712-722 | http://dx.doi.org/10.21037/jgo.2019.02.18



716 Li et al. RT dose in esophageal cancer

Table 1 Baseline characteristics of patients

Baseline characteristics

All patients
(n=7,996), n (%)

Table 1 (continued)

Sociodemographic factors

Year of diagnosis

Baseline characteristics

All patients
(n=7,996), n (%)

Clinical/pathologic factors

Histology
2004-2006 730(3.1) Adenocarcinoma 6,930 (86.7)
2007-2009 1,807 (16.3) Squamous cell carcinoma 1,066 (13.3)
2010-2012 2,307 (28.9) Primary site
2013-2015 2,163 (27.1) Esophagus 6,742 (84.3)
Age Gastroesophageal junction 1,254 (15.7)
<65 years 4,678 (58.5) Clinical T stage
>65 years 3,318 (41.5) T1 397 (5.0)
Charlson-Deyo comorbidity score To 1,452 (18.2)
0 5,885 (73.6) T3 5,201 (65.0)
1 1,698 (21.2) T4 194 (2.4)
=2 413(5.2) Unknown 752 (9.4)
Race Clinical N stage
Non-Hispanic White 7,345 (91.9) NO 2,828 (35.4)
Black 285 (3.6) N1 3,849 (48.1)
Hispanic 166 (2.1) N2 707 (8.8)
Other 146 (1.8) N3 105 (1.3)
Unknown 54(0.7) Unknown 507 (6.3)
Insurance status AJCC stage
Government 3,771 (47.2) | 535 (6.7)
Private 3,978 (49.7) Il 2,922 (36.5)
Uninsured 165 (2.1) M 3,773 (47.2)
Unknown 82(1.0 Unknown 766 (9.6)
Facility type Treatment factors
Academic/research 4,799 (60.0) Time from completion of radiation to surgery
Community/comprehensive community 2,979 (37.3) <10 weeks 6,528 (81.6)
Unknown 218 2.7) >10 weeks 1,468 (18.4)
Facility location Radiation therapy dose
Midwest 3418 (42.7) Lower dose: 41.4 to 45 Gy 5,732 (71.7)
Northeast 2,608 (32.6) Higher dose: 50 to 54 Gy 2,264 (28.3)
South 757 (9.5)
West 995 (12.4)
Unknown 218 (2.7)

Table 1 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 2 Comparative utilization of radiation therapy dose by baseline characteristics

RT dose: 41.4to 45 Gy  RT dose: 50 to 54 Gy

Baseline characteristics (n=2,264), n (%) (n=5.732), n (%) Odds ratio 95% ClI P
Sociodemographic factors
Year of diagnosis
2004-2006 289 (39.6) 441 (60.4) 1 Reference
2007-2009 409 (31.3) 898 (68.7) 1.43 1.18-1.74 <0.001*
2010-2012 554 (24.0) 1,753 (76.0) 2.03 1.68-2.45 <0.001*
2013-2015 531 (24.5) 1,632 (75.5) 2.00 1.65-2.43 <0.001*
Age
<65 years 1,298 (27.7) 3,380 (72.3) 1 Reference
>65 years 966 (29.1) 2,352 (70.9) 0.83 0.72-0.95 0.009*
Charlson-Deyo comorbidity score
0 1,669 (28.4) 4,216 (71.6) 1 Reference
1 476 (28.0) 1,222 (72.0) 0.98 0.85-1.12 0.733
>2 119 (28.8) 294 (71.2) 1.06 0.81-1.37 0.674
Race
Non-Hispanic White 2,065 (28.1) 5,280 (71.9) 1 Reference
Black 80 (28.1) 205 (71.9) 0.81 0.59-1.11 0.195
Hispanic 57 (34.3) 109 (65.7) 0.67 0.46-0.99 0.045*
Other 47 (32.2) 99 (67.8) 0.82 0.54-1.24 0.336
Insurance status
Government 1,066 (28.3) 2,705 (71.7) 1 Reference
Private 1,137 (28.6) 2,841 (71.4) 0.88 0.76-1.02 0.084
Uninsured 40 (24.2) 125 (75.8) 1.11 0.73-1.67 0.627
Facility type
Academic/research 1,329 (27.7) 3,470 (72.3) 1 Reference
Community/comprehensive community 877 (29.4) 2,102 (70.6) 0.95 0.85-1.07 0.428
Facility location
Midwest 740 (28.4) 1,868 (71.6) 1 Reference
Northeast 891 (26.1) 2,527 (73.9) 1.20 1.05-1.36 0.007*
South 288 (38.0) 469 (62.0) 0.62 0.51-0.76 <0.001*
West 287 (28.8) 708 (71.2) 1.04 0.86-1.25 0.676
Clinical/pathologic factors
Histology
Adenocarcinoma 1,971 (28.4) 4,959 (71.6) 1 Reference
Squamous cell carcinoma 293 (27.5) 773 (72.5) 1.03 0.86-1.23 0.723

Table 2 (continued)
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Table 2 (continued)
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RT dose: 41.4 to 45 Gy

RT dose: 50 to 54 Gy

Baseline characteristics (n=2,264), n (%) (n=5,732), n (%) Odds ratio 95% ClI P
Primary site
Esophagus 1,878 (27.9) 4,864 (72.1) 1 Reference
Gastroesophageal junction 386 (30.8) 868 (69.2) 0.78 0.67-0.91 0.002*
Clinical T stage
T1 119 (30.0) 278 (70.0) 1 Reference
T2 434 (29.9) 1,018 (70.1) 1.05 0.81-1.36 0.731
T3 1,375 (26.4) 3,826 (73.6) 1.16 0.91-1.47 0.228
T4 52 (26.8) 142 (73.2) 1.19 0.78-1.80 0.415
Unknown 284 (37.8) 468 (62.2) 0.98 0.71-1.36 0.921
Clinical N stage
NO 814 (28.8) 2,014 (71.2) 1 Reference
N1 1,052 (27.3) 2,797 (72.7) 1.05 0.93-1.19 0.457
N2 165 (23.3) 542 (76.7) 1.21 0.96-1.53 0.112
N3 27 (25.7) 78 (74.3) 0.95 0.57-1.58 0.830
Unknown 206 (40.6) 301 (59.4) 1.06 0.78-1.42 0.722
AJCC stage
| 165 (30.8) 370 (69.2)
I 834 (28.5) 2,088 (71.5)
I 975 (25.8) 2,798 (74.2)
Unknown 290 (37.9) 476 (62.1)
Treatment factors
Time from completion of radiation to surgery 0.001*
<10 weeks 1,923 (29.5) 4,605 (70.5) 1 Reference
>10 weeks 341 (23.2) 1,127 (76.8) 1.30 1.12-1.52

*, statistically significant. RT, radiation therapy.

Discussion

To our knowledge, this is the first study to comprehensively
compare RT dose of 41.4-45 Gy to dose of 50-54 Gy in
esophageal cancer. Our analysis reveals several notable
findings. In the neoadjuvant setting, there was no
association between RT dose and survival, readmission
rates, or early postoperative mortality. However, the higher
dose of 50-54 Gy was associated with an improved pCR
rate, particularly in cases with adenocarcinoma histology.
To our knowledge, there are no randomized studies
comparing these two dose regimens for esophageal cancer.

© Journal of Gastrointestinal Oncology. All rights reserved.

We found no difference in OS between these two dose
ranges, supporting the recommended dose ranges in
national guidelines (3,4). This is consistent with low rates of
in-field recurrence using 41.4 Gy in the CROSS trial (18).
A prior NCDB analysis by Haque er 4/. investigated
a smaller cohort and narrower dose ranges, similarly
finding no difference in OS (19). Notably, we did observe
improved pCR range with higher dose in patients with
adenocarcinoma, consistent with several contemporary
trials indicating a dose-response relationship in esophageal
cancer (20-22).
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Figure 2 Survival analysis by dosage of radiation therapy. (A) Kaplan-Meier curves of survival in patients treated with neoadjuvant
chemoradiation then surgery; (B) Kaplan-Meier curves of survival in patients treated with chemoradiation alone. HD-RT, higher-dose
radiation therapy (50-54 Gy); LD-RT, lower-dose radiation therapy (41.4-45 Gy).

We note that the rates of pCR in our study were lower than
those in the CROSS trial. By histology, 28 of 131 patients
with adenocarcinoma (23 %) and 18 of 37 patients with SCC
(49%) achieved pCR in CROSS compared to 17% and
33% in our study (5). However, we note several differences
in patient cohort and methodology that make direct
comparison difficult. Our study cohort contains a higher
proportion of patients with adenocarcinoma, T4 tumors,
and esophageal rather than GEJ tumors. Additionally, the
CROSS trial protocol specified five cycles of carboplatin/
paclitaxel as chemotherapy and preference for surgery
within 4-6 weeks of neoadjuvant therapy, whereas patients
in this national sample had significant variation in terms of
chemotherapy regimens and resection timing.

Several authors have raised concerns regarding
postoperative complications associated with neoadjuvant
CRT (23-26). Markar et al. found substantially increased
in-hospital mortality and complication rates in salvage
esophagectomy patients receiving >55 Gy (27); however, at
the RT dose ranges used in the CALGB 9781 and CROSS
trials, the relationship between dose and postoperative
morbidity/mortality is unclear. Although detailed data

© Journal of Gastrointestinal Oncology. All rights reserved.

regarding postoperative complications was not available, our
findings indicate no differences in postoperative mortality
and readmissions between 41.4-45 and 50-54 Gy.

Notably, we identified a substantial portion of patients
receiving 41.4-45 Gy who do not undergo esophagectomy.
Although prior studies in the definitive setting have not
demonstrated a survival benefit for dose escalation, these
studies all analyzed dose escalation above 50 Gy (12,28-30).
In our analysis, patients receiving LD-RT of 41.4-45 Gy
without esophagectomy had significantly worse survival.
Radiation doses <45 Gy may be insufficient for macroscopic
disease control (31). Although we are unable to precisely
delineate treatment intent, further research is needed to
elucidate the underlying reasons for the absence of surgical
resection in this patient population.

Our study is subject to the standard limitations of
retrospective analysis and database studies, with limited
capacity to control for factors such as chemotherapy
regimen, medical comorbidities, clinical tumor extent.
Detailed information regarding chemotherapy regimens,
including use of specific agents and number of cycles, is
not available within the NCDB. Additionally, we note that
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Table 3 Multivariable Cox proportional hazards model for overall survival, stratified by receipt of esophagectomy

Neoadjuvant CRT + esophagectomy

Definitive CRT without esophagectomy

Significant factors

Hazard of death (95% confidence) P value

Hazard of death (95% confidence) P value

Year of diagnosis
2004-2006
2007-2009
2010-2012
2013-2015
Charlson-Deyo comorbidity score
0
1
=2
Insurance status
Government
Private
Uninsured
Unknown
Facility type
Academic/research
Community
Unknown
Clinical T stage
T1
T2
T3
T4
Unknown
Clinical N stage
NO
N1
N2
N3
Unknown
Time from completion of radiation to surgery
<10 weeks
>10 weeks
Radiation therapy dose
Lower dose: 41.4 to 45 Gy
Higher dose: 50 to 54 Gy

Reference
1.03 (0.93-1.15)
0.79 (0.71-0.88)
0.75 (0.67-0.84)

Reference
1.11 (1.03-1.20)
1.34 (1.17-1.54)

Reference
0.82 (0.75-0.89)
1.17 (0.94-1.46)
1.00 (0.74-1.37)

Reference
1.21 (1.13-1.29)
0.87 (0.70-1.07)

Reference
0.90 (0.77-1.05)
1.13 (0.98-1.30)
1.33 (1.06-1.68)
1.31 (1.09-1.58)

Reference
1.22 (1.13-1.31)
1.35 (1.18-1.54)
2.16 (1.62-2.86)
1.06 (0.90-1.25)

Reference

1.09 (1.01-1.19)

Reference

1.02 (0.95-1.10)

0.570
<0.001*
<0.001*

0.008*
<0.001*

<0.001*
0.149
0.986

<0.001*
0.189

0.192
0.098
0.014~
0.004~

<0.001*

<0.001*

<0.001*
0.508

0.037*

0.580

Reference

0.98 (0.91-1.06) 0.628

0.92 (0.85-0.99) 0.031*

0.84 (0.77-0.91) <0.001*
Reference

1.11 (1.05-1.18) 0.001*

1.25 (1.14-1.36) <0.001*
Reference

0.90 (0.85-0.96) 0.001*

1.11 (0.96-1.29) 0.166

1.09 (0.89-1.34) 0.399
Reference

1.02 (0.98-1.07) 0.348

1.02 (0.77-1.35) 0.868
Reference

1.07 (0.97-1.18) 0.184

1.35 (1.24-1.48) <0.001*

1.67 (1.49-1.88) <0.001*

1.35(1.21-1.50) <0.001*
Reference

1.15 (1.09-1.21) <0.001*

1.40 (1.27-1.54) <0.001*

1.44 (1.19-1.75) <0.001*

1.14 (1.03-1.27) 0.009*
Reference

0.83 (0.78-0.88) <0.001*

*, statistically significant. CRT, chemoradiation.
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utilization of 41.4 Gy per CROSS trial was low (16.4%
of the LD-RT group). This is likely attributable to the
publication of CROSS in the year 2012, near the end of our
study period, and subsequent slow adoption (5). Treatment
intent is not included in the NCDB, and therefore we
cannot distinguish between patients who were intended for
neoadjuvant CRT but could not undergo esophagectomy
versus those who failed to complete a prescribed course
of definitive CRT. Despite these limitations, we feel that
our analysis offers significant value in the absence of
randomized data. We look forward to the results of clinical
trials investigating this question (32).

Our results suggest that both HD-RT and LD-RT
regimens are viable and offer similar rates of OS, 90 day
postoperative mortality, and 30 day readmission rate.
However, if esophagectomy is not performed, HD-RT is
associated with superior survival outcomes, although this
finding must be interpreted with caution as it does not
account for treatment intent. Therefore, in cases where the
eventual surgical resectability is uncertain, a higher RT dose
of 50.4 Gy may be advantageous. Future prospective trials
are needed to further validate our findings.
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Supplementary

Esophageal and GEJ cancer

patients in NCDB from 2004-2015
(n=163,754) Primary exclusion criteria
* Metastatic disease or unknown metastatic
status (n=62,147)
e Histology other than adenocarcinoma or
v squamous cell (n=6,813)
Patients with non-metastatic
esophageal or GEJ carcinoma Secondary exclusion criteria
(n=94,794) * Unknown receipt of radiation, chemotherapy,
or surgery (n=3,097)
* Underwent esophagectomy (n=41,398)
¢ Did not receive CRT (n=26,283)
v * Unknown radiation dose (n=2,289)
N . . ¢ Radiation dose not within specified ranges
Patients receiving deflnltlvt-‘T CRT (n=8,976)
for esophageal or GEJ carcinoma e CRT not delivered concurrently (start dates
(n=10,970) within 14 days) (n=1,781)
HD-RT LD-RT
Dose of 50-54 Gy Dose of 41.4-45 Gy

Figure S1 Diagram illustrating exclusion criteria and case selection for patient cohort receiving chemoradiation without esophagectomy.
NCDB, National Cancer Database; GEJ, gastroesophageal junction; CRT, chemoradiation; RT, radiation therapy; HD, higher-dose; LD,

lower-dose.



Table S1 Multivariable logistic regression for pathologic complete response

Significant factors Odds ratio (95% confidence) P value
Year of diagnosis

2004-2006 Reference

2007-2009 1.05 (0.80-1.37) 0.745

2010-2012 1.46 (1.13-1.88) 0.003*

2013-2015 1.62 (1.25-2.08) <0.001*
Facility type

Academic/research Reference

Community 0.90 (0.78-1.02) 0.095

Unknown 0.65 (0.40-1.03) 0.070
Histology

Adenocarcinoma Reference

Squamous cell carcinoma 2.28 (1.93-2.69) <0.001*
Primary site

Esophagus Reference

Gastroesophageal junction 0.75 (0.61-0.91) 0.004*
Clinical T stage

T1 Reference

T2 1.12 (0.84-1.51) 0.434

T3 0.84 (0.64-1.11) 0.220

T4 1.50 (0.97-2.31) 0.069

Unknown 0.55 (0.37-0.84) 0.005*
Clinical N stage

NO Reference

N1 0.89 (0.78-1.03) 0.120

N2 0.73 (0.56-0.94) 0.053*

N3 0.94 (0.53-1.66) 0.808

Unknown 0.50 (0.31-0.79) 0.004*
Chemotherapy radiation sequence

Induction chemotherapy Reference

Concurrent 0.90 (0.71-1.15) 0.402
Time from completion of radiation to surgery

<10 weeks Reference

>10 weeks 1.29 (1.10-1.51) 0.001*
Radiation therapy dose

Lower dose: 41.4 to 45 Gy Reference

Higher dose: 50 to 54 Gy 1.24 (1.06-1.44) 0.006*

*, statistically significant; *, n (%) in group no pCR and pCR: lower dose, 1,907 (83.7)/373 (16.3);
higher dose, 4,570 (79.7)/1,167 (20.3). pCR, pathologic complete response.



