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Abstract

Purpose—To evaluate differences in pathologic complete response (pCR) rates and overall
survival among patients receiving either neoadjuvant chemotherapy or chemoradiation prior to
esophagectomy for locally advanced esophageal cancer.

Patients and methods—Esophageal cancer patients receiving either neoadjuvant
chemotherapy or chemoradiation prior to esophagectomy were identified using the National
Cancer Data Base (NCDB). Univariate analysis compared patient, tumor, and postoperative
outcome characteristics. Logistic regression was performed to identify variables associated with
achieving pCR. Kaplan-Meier analysis was performed to compare overall median survival by
neoadjuvant therapy type and pCR status. Finally, a Cox proportional hazards model was fitted to
identify variables associated with increased mortality hazard.

Results—From 2006 — 2012, 916/7,338 (12.5%) of patients received neoadjuvant chemotherapy
while 6,422 (87.5%) received neoadjuvant chemoradiation. Neoadjuvant chemoradiation patients
were more likely to achieve pCR (17.2% versus 6.4%, p<0.001) and less likely to have positive
margins (5.6% versus 11.5%, p<0.001) than neoadjuvant chemotherapy patients, with no
difference in 30- or 90-day mortality. Achieving pCR was associated with improved overall
median survival (59.5 months + 4.0 versus 30.1 months + 0.76 for those with persistent disease,
p<0.001). On logistic regression, neoadjuvant chemoradiation therapy was independently
associated with achieving pCR (Odds Ratio 2.75, 2.01 — 3.77, p<0.001). Despite improvement in
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pCR rate with neoadjuvant chemoradiation, neoadjuvant therapy type was not independently
associated with long-term survival (HR 1.12, 95% CI1 0.97 — 1.30, p=0.12).

Conclusion—While neoadjuvant chemoradiation is more successful in downstaging esophageal
cancer prior to esophagectomy;, this therapy was not independently prognostic for improved long-
term survival. Other factors affecting long-term survival among pathologic complete responders
and among patients with persistent disease should be investigated to clarify this association.

Introduction

Esophagectomy is a well-established tool in the arsenal of therapies for patients with locally
advanced esophageal cancer, with reports demonstrating improved rates of local control. [1-
3] Unfortunately, five year overall survival in this patient population is often reported at less
than 25%, driven primarily by regional and distant failure. [2,3] As such, adjunctive
therapies such as chemotherapy and radiation hold great appeal as a means to improve
outcomes in this population.

Over the past 25 years, more than a dozen randomized controlled trials with over 2,000
locally advanced esophageal cancer patients have compared neoadjuvant chemotherapy to
upfront esophagectomy. [4] A recently published comprehensive metaanalysis found that
neoadjuvant chemotherapy improved the likelihood of complete (R0) resection and was
associated with improved overall survival compared to surgical resection alone with a 12%
decrease in the mortality hazard. [4] In parallel, studies evaluating neoadjuvant
chemoradiation therapy have demonstrated high rates of RO resection and improved survival
as well. The CROSS trial is the most recent randomized controlled trial to evaluate the
outcomes of neoadjuvant chemoradiation versus upfront esophagectomy and also
documented a substantial survival benefit, with a 35% decrease in overall mortality hazard in
the chemoradiation and surgery arm. [5] However, no completed randomized controlled trial
has compared long-term survival outcomes of patients receiving neoadjuvant chemotherapy
to chemoradiation therapy directly. Currently, many centers practice the method of
neoadjuvant therapy per their institutional standard and local consensus.

Nationally, the usage of neoadjuvant therapy by modality and its associated outcomes in
locally advanced esophageal cancer are not well characterized. Our goal was to use the
National Cancer Data Base (NCDB) to: 1) investigate practice patterns of neoadjuvant
chemotherapy and chemoradiation therapy in the United States 2) determine if neoadjuvant
chemoradiation therapy is associated with improved rates of pathologic complete response
(pCR) and 3) evaluate for differences in overall survival between neoadjuvant chemotherapy
versus chemoradiation therapy.

Patients and Methods

The NCDB participant user file (PUF) for esophageal cancer was used to abstract patients
who had received either neoadjuvant chemotherapy or chemoradiation therapy prior to
esophagectomy. The NCDB, which is a joint effort of the American College of Surgeons
(ACoS) and the American Cancer Society (ACS), was established in 1989 and represents
approximately 70% of patients receiving treatment at Commission on Cancer (CoC)
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accredited centers. This study was deemed exempt by the Washington University School of
Medicine Institutional Review Board. From the NCDB data dictionary, patient
characteristics were dichotomized to either Caucasian or non-Caucasian, population type
>250,000 versus <250,000 individuals, average income of patient’s zip code area <$38,000
or =2$38,000, academic or community cancer center type, private or non-private insurance
status, and having a Charlson/Deyo comorbidity score of 0, 1, or >2 (excluding their current
cancer diagnosis). Using ICD-0-3 codes, patients were dichotomized into either
adenocarcinoma or squamous cell histologic subtype. Patients were coded as having a
complete pathological response if their final pathology included TO and NO status. Patients
with no lymph nodes examined were labeled as having an unknown pathologic response
status.

Patients excluded from analysis included: clinical M1, M1A, or M1B metastatic disease,
tumors located in the cervical esophagus, and those that did not receive an esophagectomy.
Patients with =200 days from the time of initiation of neoadjuvant therapy and surgery were
excluded as likely salvage therapy patients. Patients documented as receiving neoadjuvant
chemoradiation therapy, but receiving less than 4000 cGy or an unknown dosage were also
excluded. A Consolidated Standards of Reporting Trials (CONSORT) flow diagram is
shown in Figure 1.

Descriptive statistics of continuous variables were calculated as mean + standard deviation.
Univariate analysis included independent sample t-tests to compare continuous variables and
chi-square analysis for comparisons of normally distributed categorical data. Stepwise
backwards logistic regression was used to identify variables associated with pathologic
complete response. Criteria for entry into the logistic regression model included a p-value of
<0.10 on univariate analysis. Kaplan-Meier analysis was performed to compare overall
median survival outcomes by neoadjuvant therapy type and pCR status, with log-rank
testing. A Cox-proportional hazards model was created to identify variables independently
associated with increased risk of mortality. P values of less than 0.05 were considered
statistically significant. All statistical analyses were performed in SPSS 22.0 for Windows
(SPSS Inc, Chicago, IL, 2013).

Neoadjuvant Therapy Type Characteristics and Outcomes

Of 7,338 patients undergoing neoadjuvant therapy prior to esophagectomy from 2006 to
2012, 916 (12.5%) received neoadjuvant chemotherapy, while 6,422 (87.5%) received
neoadjuvant chemoradiation therapy. While the use of neoadjuvant chemoradiation therapy
increased from 2006 to 2012, the use of neoadjuvant chemotherapy has remained steady
(Figure 2). Characteristics of patients receiving either neoadjuvant chemotherapy or
chemoradiation therapy are compared in Table 1. Patient and tumor characteristics
independently associated with increased likelihood of receiving neoadjuvant chemoradiation
therapy on logistic regression included being treated in 2010 — 2012 (reference 2006 —
2009): odds ratio (OR) 1.24 (95% CI 1.07 — 1.45, p=0.006), having a clinical T2 (OR 1.83,
1.35-2.48, p<0.001), T3 (OR 1.84, 1.41 — 2.41, p<0.001), or T4 tumor (OR 2.26, 1.28 —
4.01, p=0.005), reference clinical TO-T1, and having clinical N1 disease (OR 1.19, 1.01 -
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1.41, p=0.036). Variables associated with a decreased likelihood of receiving neoadjuvant
chemoradiation therapy included increasing age (by year: OR 0.99, 0.98 — 0.99, p=0.004)
and living in an urban area (0.67, 0.57 — 0.80, p<0.001).

Patients receiving neoadjuvant chemoradiation therapy were less likely to have positive
surgical margins (=R1), 349 (5.6%) versus 102 (11.5%) and more likely to achieve pCR, 816
(17.2%) versus 50 (6.4%) than patients receiving neoadjuvant chemotherapy, respectively,
both p<0.001. No significant difference in thirty-day readmission, thirty-day mortality, or
ninety-day mortality after esophagectomy was detected between the two neoadjuvant
modalities. There was no significant difference in overall median survival between the two
neoadjuvant therapy types (34.0 £ 2.0 months for neoadjuvant chemotherapy versus 34.4
+ 0.8 months for neoadjuvant chemoradiation therapy, p =0.87). While the number of
patients censored in both arms was substantial, the proportions were similar (371/801,
46.3% in the neoadjuvant chemotherapy arm and 2,439/5,202, 46.9% in the neoadjuvant
chemoradiation group).

pCR Patient Characteristics and Survival

Given the significant and substantial improvement that neoadjuvant chemoradiation patients
had in obtaining pCR at the time of esophagectomy, univariate analysis was performed to
compare characteristics of pCR patients, versus those with residual disease (Table 2).
5,523/7,338 (75%) of patients in this analysis had pathologic response data available for
analysis. 866/5,523 (15.7%) of patients achieved pCR upon completion of induction therapy
and esophagectomy. Variables that were independently associated with an increased
likelihood of obtaining pCR included urban population (OR 1.31, 1.10 — 1.56, p=0.003),
treatment from 2010-2012 (OR 1.31, 1.11 — 1.55, p=0.001), and neoadjuvant
chemoradiation therapy (2.75, 2.01 — 3.77, p<0.001). Variables associated with a decreased
likelihood of obtaining a pathologic complete response after neoadjuvant therapy and
esophagectomy included adenocarcinoma histology (0.44, 0.37 — 0.53, p=<0.001), clinical
Tx status (0.47, 0.29 — 0.78, p=0.003), and clinical Nx status (0.41, 0.23 — 0.72, p=0.002),
reference categories TO-T1 and NO, respectively. On Kaplan-Meier analysis, achieving pCR
was significantly associated with improved overall median survival (59.5 months + 4.0
versus 30.1 months + 0.76 for those with residual disease, p<0.001), Figure 3.

Residual Disease Patient Characteristics and Outcomes

Of the patients with pathologic staging data, 4,657/5,523 (84.3%) of patients had persistent
disease after neoadjuvant therapy and esophagectomy. 4,135/4,657 (88.8%) did not go on to
receive adjuvant systemic therapy for their persistent disease, while 522/4,657 (11.2%) did.
Characteristics of patients with persistent disease receiving adjuvant therapy are listed in
Table 3. On multivariate logistic regression, variables that were independently associated
with a decreased likelihood of receiving adjuvant therapy included increasing age (by year,
OR 0.98, 95% CI1 0.97 — 0.99, p=0.004), receiving neoadjuvant chemoradiation (OR 0.30,
95% CI 0.24 — 0.39, p<0.001), and increasing length of inpatient stay after esophagectomy
(by day, OR 0.98, 95% CI 0.97 — 0.99, p=0.004). Variables associated with an increased
likelihood of receiving adjuvant therapy included private insurance status (OR 1.41, 95% ClI
1.09 — 1.83, p=0.01), adenocarcinoma histology (OR 1.50, 95% CI 1.04 — 2.17, p=0.03), and
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increasing pathologic nodal stage (ref: NO, N1 OR 2.37, 95% CI 1.85 — 3.04, N2 OR 3.08,
95% CI 2.08 - 4.57, and N3 OR 3.48, 95% CI 1.89 — 6.41, all p<0.001). The overall median
survival for patients with persistent disease receiving adjuvant systemic therapy was greater
than for those that did not (35.2 months + 2.3 versus 29.0 £ 0.77, p=0.001).

Cox Proportional Hazards Model

Finally, a Cox-proportional hazards model was created (Table 4). Factors independently
associated with a decreased overall mortality hazard included female gender, zip code area
average income = $35,000/year, private insurance status, and receiving adjuvant systemic
therapy. Factors independently associated with an increased overall mortality hazard
included increasing age, Charlson/Deyo comorbidity score of 1, clinical T4 stage, clinical
=N1 or NX stage, positive surgical margins, increasing positive lymph node burden, and 30-
day readmission after esophagectomy. Of note, despite a significant improvement in pCR
rate, receiving neoadjuvant chemoradiation therapy did not significantly impact the overall
mortality hazard (HR 1.12, 95% CI 0.97 — 1.30, p=0.12).

Discussion

The main findings of this NCDB study are that (1) neoadjuvant chemoradiation improves the
pCR rate compared with chemotherapy alone, (2) patients with pCR at the time of
esophagectomy demonstrate improved overall survival, but (3) there is no improvement in
overall median survival with use of chemoradiation compared with chemotherapy. These
findings from a large national dataset suggest that the relationship between the type of
therapy, the pathologic response rate, and ultimate survival may be complex and perhaps
multifactorial.

National guidelines currently recommend either neoadjuvant chemotherapy or
chemoradiation therapy prior to esophagectomy in locally advanced squamous cell or
adenocarcinoma of the esophagus. [6] From this analysis, it is notable that the majority of
Commission on Cancer (CoC) accredited centers in the United States currently use
neoadjuvant chemoradiation as their induction approach, with this percentage reaching
approximately 90% in the most recent cohort of patients from 2010-2012. While a
randomized controlled trial directly comparing the long-term outcomes of these neoadjuvant
therapy approaches has never been completed, the national practice preference of
neoadjuvant chemoradiation likely gained momentum by the improvement in pCR rates and
impressive survival benefits seen in national Phase 111 randomized controlled trials such as
CROSS (Netherlands) and CALGB 9781 (United States) which evaluated neoadjuvant
chemoradiation followed by resection versus upfront esophagectomy. [5,7] Specifically,
CROSS (which evaluated a regimen of weekly carboplatin, paclitaxel, and concurrent daily
radiotherapy of 41.4 Gy in 23 fractions, followed by esophagectomy) demonstrated a pCR
rate of 29%, and improvement in median OS of 49.4 months versus 24.0 months in the
surgery only group. [5] CALGB 9781 (which used cisplatin, fluorouracil, and 50.4 Gy of
radiation therapy over 5 weeks, followed by esophagectomy, but closed secondary to poor
accrual) had a 40% pCR rate, and improvement in median OS of 4.5 years versus 1.8 years
for surgery alone patients. [7] In comparison, earlier trials of neoadjuvant chemotherapy and

J Thorac Oncol. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Samson et al.

Page 6

surgery versus upfront resection reported pCR ranges of only 3-13%, although still
demonstrating improved survival benefits. [8-10]

Previous institutional retrospective analyses have similarly found that neoadjuvant
chemoradiation therapy improves pCR rates when compared to neoadjuvant chemotherapy.
In contrast, however, several of these studies demonstrating an improved pCR rate with
chemoradiotherapy did not demonstrate a significant difference in survival (at 1-, 3- or 5
years) when analyzed by neoadjuvant therapy type. [11] However, when neoadjuvant
chemoradiation patients alone were analyzed by pCR status, a significant increase in median
OS was detected (32.7 months versus 16.9 months for patients with residual disease,
p=0.01). [11] Of note, a recent multicenter randomized clinical trial of neoadjuvant
chemotherapy versus chemoradiation therapy for esophageal cancer patients (TIN1-3 or
T2-3, any N) in Europe found that those receiving neoadjuvant chemoradiation therapy
experienced higher rates of pCR (28% versus 9%), increased RO resection (87% versus
74%), and lower rate of lymph node metastases (35% versus 62%). [12] However similar to
our analysis, these improvements in tumor control at the time of esophagectomy did not
translate into long-term survival benefits, with no difference in progression-free 3-year
survival or 3-year overall survival. [12]

Of note, in the European RCT comparing neoadjuvant chemoradiation therapy to
chemotherapy alone, there was no significant difference detected in 30- or 90-day mortality,
or in the postoperative complication rate. [13] While there was no difference in the
frequency of complications after esophagectomy, the severity of the complications in the
neoadjuvant chemoradiation group were significantly higher than in the chemotherapy
group, as measured on the Clavien-Dindo complication severity index, which factors in the
need for medical, procedural, or surgical intervention, and ICU care. [13] Many reports
comparing neoadjuvant chemoradiotherapy to upfront esophagectomy have been conflicting,
with some institutions reporting increased rates of pneumonia, arrhythmias, sepsis, and
respiratory failure, while others have reported no difference in postoperative complications.
[14-16] Of note, a retrospective analysis at MD Anderson identified that the likelihood of
thirty-day pulmonary and gastrointestinal postoperative complications following
esophagectomy increased two- to threefold for patients that received 3-dimensional
conformal radiation therapy (3D-CRT) when compared to those neoadjuvant chemoradiation
patients that received either intensity modulated radiation therapy (IMRT) or proton beam
therapy (PBT), respectively. [17] While the NCDB does not capture specific postoperative
complications, we found no significant difference in inpatient length of stay, thirty-day
readmission, thirty-day mortality, or ninety-day mortality by neoadjuvant therapy type.

Reconciling the lack of improvement in overall survival with neoadjuvant chemoradiation
therapy despite increased pCR rates is likely multifactorial. From this NCDB analysis, we
did see that while neoadjuvant chemoradiation therapy patients had improved pCR rates, for
those that had persistent esophageal cancer, the use of adjuvant therapy was much lower than
for neoadjuvant chemotherapy patients (8.8% versus 24.1%). Part of the decreased use of
adjuvant systemic therapy in neoadjuvant chemoradiation patients could be due to lower
mean pathologic positive lymph nodes and positive margin rate. On multivariate logistic
regression, which accounted for these variables, neoadjuvant chemoradiation was still
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independently associated with a decreased likelihood of receiving adjuvant systemic therapy
(OR 0.30). This was despite no difference in thirty day readmission or length of stay
between the two neoadjuvant modalities. However, other post-esophagectomy
complications, reintervention and frailty factors not captured by the NCDB could be
influencing the willingness to give additional systemic therapy. Additionally it is possible
that while neoadjuvant chemoradiation improves local tumor response as evidenced in the
pathologic esophagectomy specimen, distant mechanisms of tumor escape and growth after
neoadjuvant therapy is completed may still occur.

While this study demonstrated that pCR patients had an improved overall survival compared
to non-pCR patients, an overall survival benefit with neoadjuvant chemoradiation could be
obscured by the improved survival of neoadjuvant chemotherapy patients with persistent
disease that go on to receive adjuvant therapy (whom also demonstrated a survival benefit in
this analysis). While the NCDB does not record cancer recurrence or disease free survival, a
previous pooled analysis of pCR patients (after neoadjuvant chemoradiation and
esophagectomy) documented cancer recurrence in approximately 30% of ypTONOMO
patients, with a median time to recurrence of 12 months, and median disease-free survival of
48 months. [18] If almost one-third of pCR patients are recurring, but are underutilizing
adjuvant therapy, it could be a factor in the lack of apparent overall survival difference
between the two neoadjuvant modalities seen in our analysis. While a comparison of
neoadjuvant chemoradiation patients with pCR and subsequent recurrence to neoadjuvant
chemotherapy patients with persistent disease that receive adjuvant therapy is not possible
with this dataset, it is possible that these particular patient groups may demonstrate similar
long-term survival profiles.

Another consideration for future prospective study could include monitoring of late
appearing radiation complications that may compromise a long-term survival benefit. For
example, radiation induced cardiac toxicity with standard 3D-CRT have been well-described
in other chest malignancies (particularly those that have longer periods of cancer-free
survival such as breast cancer and Hodgkin’s lymphoma), while data specific to esophageal
cancer is emerging. [19-23] It has recently been suggested that the survival benefit imparted
by the improved locoregional sterilization of disease by neoadjuvant chemoradiation therapy
is allowing trimodality esophageal cancer patients to live long enough to develop and
succumb to radiation induced cardiac comorbidities such as ischemic heart disease and heart
failure. [24] It is plausible that using radiation therapies that have improved tumor targeting
profiles with lower doses delivered to surrounding tissues, such as IMRT and PBT, could
decrease the incidence of cardiac and pulmonary toxicities [25,26].

There are important limitations to this study that should be mentioned. This is a
retrospective analysis of a large national database, and as such, may reflect selection biases
for neoadjuvant therapy type that we cannot control for. Despite being a robust database in
terms of years of treatment and number of patients, no data is available on the methods of
clinical staging, presence or absence of esophageal cancer recurrence, or disease-free
survival. We hypothesize that given the recent years of this analysis (2006-2012),
multimodality staging with CT, PET, and EUS would likely have been used for a majority of
patients, however we have no method to confirm that assumption. Even with multimodality
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staging, many patients may still be discordant from their actual stage, and therefore, our
matching on clinical T and N status is not perfect. If patients that were actually higher T and
N stages are disproportionally assigned to neoadjuvant chemoradiation therapy (i.e. patients
that also presented with symptoms such as dysphagia), this could lead to a less than
expected survival benefit among chemoradiation patients, despite a high initial pCR rate.
Additionally, we are unable to account for patients that were started on a neoadjuvant
regimen and became too ill, died, or no longer wanted surgical intervention during their
treatment. From previous phase 111 trials, studies have shown that approximately 9-12% of
patients are unable to finish their neoadjuvant course of chemotherapy or chemoradiation
therapy, and these percentages may be higher in clinical practice (5, 27, 28). If the rates of
neoadjuvant therapy completion are actually lower among chemoradiation patients
compared to chemotherapy patients, this could potentially influence long-term survival.

In conclusion, the most reliable study to compare the short- and long-term performance of
neoadjuvant chemotherapy versus chemoradiation therapy for locally advanced esophageal
cancer, followed by esophagectomy, remains a randomized controlled trial. However, at this
time the majority of centers in the United States are utilizing neoadjuvant chemoradiation
therapy for locally advanced esophageal cancer, so such a trial may not be feasible in the
current practice environment. Further efforts to try to study long-term outcomes among these
two treatment modalities should include prospective analysis of adjuvant therapy use among
a) neoadjuvant chemoradiation patients with persistent disease and b) neoadjuvant
chemoradiation pCR patients that demonstrate recurrence, as well as monitoring and
characterizing late-term radiation effects in these patients. If one (or all) of these factors are
influencing the maximum potential benefit of neoadjuvant chemoradiation therapy, then
tailored interventions and trials could be developed.
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N=10,515

Esophageal Cancer Patients Receiving Neoadjuvant
Therapy Followed by Esophagectomy from 2006-2012

Neoadjuvant Chemotherapy

N=916

Figure 1.

Excluded (n=3,137)

e Salvage surgery (n=184)

e Timing of surgery and/or neoadjuvant
therapy unknown (n=889)

* Neoadjuvant chemoradiation patients
with radiation dose <4000 cGy (n=1,000)

e Neoadjuvant chemoradiation patients
with unknown radiation dose (n=1,104)

Neoadjuvant Chemoradiation therapy

N=6,422

Consolidated Standards of Reporting Trials (CONSORT) flow diagram for NCDB
esophageal cancer patients receiving neoadjuvant therapy followed by esophagectomy from

2006-2012.
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Neoadjuvant therapy trends by year for locally advanced esophageal cancer patients
receiving esophagectomy, from the NCDB.
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Kaplan-Meier Curve for Esophageal Cancer Patients Receiving Neoadjuvant Therapy,

Cumulative Survival

By Pathologic Response Type
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Figure 3.
Kaplan-Meier curve for neoadjuvant therapy patients followed by esophagectomy by either

complete response or residual disease on final pathology, p<0.001.
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Univariate analysis of patients in the NCDB receiving either neoadjuvant chemotherapy or neoadjuvant
chemoradiation therapy prior to esophagectomy for esophageal cancer.

Table 1

J Thorac Oncol. Author manuscript; available in PMC 2017 December 01.

Variable Induction Induction P value
chemotherapy chemoradiation
(n=916, 12.5%) | therapy
(n=6422, 87.5%)

Age 62.3+10.0 61.5+9.4 0.02
Gender
Male 769 (84.0%) 5483 (85.4%) 0.26
Race
Caucasian 840 (92.8%) 6021 (94.4%) 0.049
Non-Caucasian 65 (7.2%) 354 (5.6%)
Population type
<250,000 222 (25.6%) 2047 (33.1%) <0.001
=250,000 645 (74.4%) 4144 (66.9%)
Distance from treatment center
(miles) 43.2+126.3 459 +136.3 0.58
Income (US dollars)
<$38,000 117 (13.2%) 928 (14.7%) 0.22
>$38,000 770 (86.8%) 5370 (85.3%)
Insurance status
Private 452 (49.6%) 3370 (53.0%) 0.06
Non-private 459 (50.4%) 2989 (47.0%)
Treatment center type

Academic 445 (48.6%) 3199 (49.9%) 0.45

Nonacademic 471 (51.4%) 3208 (50.1%)
Treatment year
2006 - 2009 514 (56.1%) 3109 (48.4%) <0.001
2010 - 2012 402 (43.9%) 3313 (51.6%)
Charlson/Deyo Score

0 703 (76.7%) 4881 (76.0%) 0.78

1 171 (18.7%) 1260 (19.6%)

22 42 (4.6%) 281 (4.4%)
Tumor size (mm) 40.9+45.2 44.3 £40.6 0.05
Histology
Adenocarcinoma 674 (81.1%) 4725 (80.3%) 0.57
Squamous cell 157 (18.9%) 1162 (19.7%)
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Variable Induction Induction P value
chemotherapy chemoradiation
(n=916, 12.5%) | therapy
(n=6422, 87.5%)

Clinical T stage

TO, Tis, T1 81 (9.0%) 363 (5.7%) <0.001

T2 147 (16.3%) 1157 (18.1%)

T3 481 (53.2%) 4054 (63.3%)

T4 19 (2.1%) 177 (2.8%)

TX 176 (19.5%) 655 (10.2%)
Clinical N stage

NO 344 (38.1%) 2256 (35.2%) <0.001

N1 394 (43.6%) 3296 (51.5%)

>N2 37 (4.1%) 409 (6.4%)

NX 129 (14.3%) 445 (6.9%)
Interval from start of
chemotherapy to surgery (days) | 100.0 + 30.6 98.1+26.8 0.07
Number of nodes examined | 151+11.1 | 123+95 | <0.001
Number of positive nodes | 22+42 | 11+24 | <0.001
Surgical Margins

>R1 102 (11.5%) 349 (5.6%) <0.001
Pathologic complete response
(pTONO) 50 (6.4%) 816 (17.2%) <0.001
Inpatient length of stay (days) | 124+12.1 | 12.6 +10.7 | 0.61
30-day Readmission | 47 (5.3%) | 397 (6.5%) | 0.19
30-day mortality | 27 (3.4%) | 183 (3.6%) | 0.84
90-day mortality | 61 (7.8%) | 434 (8.5%) | 0.50
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Table 2

Univariate analysis of patients that underwent neoadjuvant therapy followed by esophagectomy, by pathologic
complete response (pTONO) versus residual disease.
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Variable Pathologic Pathologic P value
persistent disease | complete response
on esophagectomy | (pTONO)
(n=4,657, 84.3%) (n=866, 15.7%)
Age 61.7+95 61.7+9.2 0.92
Gender
Male 4003 (84.9%) 712 (15.1%) 0.004
Female 654 (80.9%) 154 (19.1%)
Race
Caucasian 4383 (84.5%) 801 (15.5%) 0.06
Non-Caucasian 238 (80.4%) 58 (19.6%)
Population type
<250,000 1448 (86.1%) 234 (13.9%) 0.009
>250,000 3024 (83.3%) 608 (16.7%)
Distance from treatment 46.8 +£143.2 52.7+£131.0 0.26
center (miles)
Income (US dollars)
<$38,000 640 (84.1%) 121 (15.9%) 0.92
>$38,000 3915 (84.2%) 732 (15.8%)
Insurance status
Private 2232 (84.6%) 407 (15.4%) 0.54
Non-private 2385 (84.0%) 455 (16.0%)
Treatment center type
Academic 2455 (83.2%) 369 (14.4%) 0.016
Nonacademic 2192 (85.6%) 495 (16.8%)
Treatment year
2006 — 2009 2193 (87.1%) 326 (12.9%) <0.001
2010 - 2012 2464 (82.0%) 540 (18.0%)
Charlson/Deyo Score
0 3503 (84.0%) 668 (16.0%) 0.25
1 955 (85.9%) 157 (14.1%)
22 199 (82.9%) 41 (17.1%)
Neoadjuvant therapy type
Chemotherapy 726 (93.6%) 50 (6.4%) <0.001
Chemoradiation therapy 3931 (82.8%) 816 (17.2%)
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Variable Pathologic Pathologic P value
persistent disease | complete response
on esophagectomy | (pTONO)

(n=4,657, 84.3%)

(n=866, 15.7%)

Tumor size (mm) 42.8+44.4 445+24.4 0.38
Histology
Adenocarcinoma 3534 (86.1%) 247 (26.6%) <0.001
Squamous cell 682 (73.4%) 570 (13.9%)
Clinical T stage
TO, Tis, T1 275 (82.1%) 60 (17.9%) <0.001
T2 773 (79.9%) 195 (20.1%)
T3 2906 (84.1%) 548 (15.9%)
T4 118 (81.4%) 27 (18.6%)
TX 566 (94.2%) 35 (5.8%)
Clinical N stage
NO 1643 (82.9%) 339 (17.1%) <0.001
N1 2287 (83.6%) 448 (16.4%)
= N2 292 (83.0%) 60 (17.0%)
NX 416 (95.6%) 19 (4.4%)
Interval from start of
induction therapy to 97.5+27.4 99.6 + 26.0 0.04
esophagectomy (days)
Number of lymph nodes
examined 13.7+96 141+94 0.27
Inpatient length of stay 127+11.1 12.3+9.0 0.28
(days)
30-day Readmission | 286 (6.4%) | 51(6.1%) | o7
30-day mortality | 135 (3.6%) | 28 (4.4%) | 0.35
90-day mortality | 333 0.0%) | 4165%) | o004
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Table 3

Univariate analysis of patients with persistent disease after neoadjuvant therapy, by adjuvant systemic therapy
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Variable Residual Disease, Residual Disease, P value
Did Not Receive Received Adjuvant
Adjuvant Therapy | Therapy
(n=4135, 88.8%) (n=522, 11.2%)
Age (years) 62.0+95 59.5+9.4 <0.001
Gender
Male 3530 (88.2%) 473 (11.8%) 0.001
Female 605 (92.5%) 49 (9.4%)
Race
Caucasian 3886 (88.7%) 497 (11.3%) 0.32
Non-Caucasian 216 (90.8%) 22 (9.2%)
Greatest circle distance 47.8 £149.6 38.4+758 0.02
(miles)
Proportion in community
without high school
diploma
<21% no high school 3570 (88.4%) 470 (11.6%) 0.06
degree
>21% no high school 472 (91.1%) 46 (8.9%)
degree
Income
>$38,000 3458 (88.3%) 457 (11.7%) 0.07
<$38,000 581 (90.8%) 59 (9.2%)
Population type
<250,000 2667 (88.2%) 1296 (89.5%) 0.20
2250,000 357 (11.8%) 152 (10.5%)
Insurance Status
No private insurance 2036 (91.2%) 196 (8.8%) <0.001
Private insurance 2065 (86.6%) 320 (13.4%)
Charlson/Deyo Score
0 3095 (88.4%) 408 (11.6%) 0.18
1 864 (90.5%) 91 (9.5%)
>2 176 (88.4%) 23 (11.6%)
Facility Type
Academic 2173 (88.5%) 282 (11.5%) 0.53
Community 1953 (89.1%) 239 (10.9%)
Histology
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Variable Residual Disease, Residual Disease, P value
Did Not Receive Received Adjuvant
Adjuvant Therapy | Therapy
(n=4135, 88.8%) (n=522, 11.2%)
Adenocarcinoma 3129 (88.5%) 405 (11.5%) <0.001
Squamous Cell 635 (93.1%) 47 (6.9%)
Neoadjuvant type
Chemotherapy 551 (75.9%) 175 (24.1%) <0.001
Chemoradiation therapy | 3584 (91.2%) 347 (8.8%)
Path T
TO, Tis, T1 1083 (91.5%) 100 (8.5%) <0.001
T2 1040 (90.9%) 104 (9.1%)
T3 1940 (86.1%) 314 (13.9%)
T4 71 (95.9%) 3 (4.1%)
Path N
NO 2214 (93.3%) 159 (6.7%) <0.001
N1 1507 (84.9%) 267 (15.1%)
N2 258 (81.9%) 57 (18.1%)
N3 76 (68.5%) 35 (31.5%)
Positive Margins (=R1) | 317 (7.8%) | 57 (11.2%) | 0.009
Tumor size (mm) | 42.8+46.4 | 43.1+22.8 | 0.87
Number of nodes 134+95 15.7+10.1 <0.001
examined
Number of positive nodes | 1.36 + 2.66 | 2641383 | <0001
Inpatient Length of Stay
(days) 13.0+114 109+75 <0.001
30-day readmission | 260 (6.5%) | 26 (5.2%) | 0.24
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Table 4

Cox Proportional Hazards Model (using backwards stepwise regression, with final model step shown).
Variables entered into the model included age, gender, race, distance from treatment center, insurance status,
population type, income, facility type, Charlson/Deyo comorbidity score, clinical T and N stage, histologic
type, neoadjuvant therapy type, pathologic tumor size (mm), margin status, number of positive lymph nodes,
readmission history, and adjuvant therapy status.

Variable | Hazard Ratio (95% CI) | P value
Age (by year) | 1.01 (1.01-1.02) | <0.001
Female Gender | 083 0.72-0.01) | oo
Income = $35,000 | 0.79 (0.69 - 0.91) | 0.01
Private Insurance | 0.86 (0.77-0.97) | 0.01
Academic cancer center | 0.87 (0.80 - 0.98) | 0.02
Charlson/Deyo Score (ref: 0)

1 1.17 (1.03-1.32) 0.02
>2 1.09 (0.86 — 1.38) 0.48
Clinical T stage (ref: TO-T1)

T2 0.93(0.73-1.19) 0.57
T3 0.99 (0.80-1.24) 0.97
T4 1.55(1.12 - 2.16) 0.01
TX 1.16 (0.88 — 1.54) 0.30
Clinical N stage (ref: NO)

N1 1.18 (1.05-1.32) 0.01
> N2 1.38 (1.06 — 1.80) 0.02
NX 1.39 (1.10 - 1.74) 0.01
Positive margin status (R1) | 1.85(1.56 — 2.21) | <0.001
Positive lymph nodes (per node) | 1.08 (1.06 - 1.09) | <0.001
30-day readmission | 1.47 (1.21-1.78) | <0.001
Adjuvant chemotherapy | 074 062-089) | 0001
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