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abstract

PURPOSE To evaluate the use of early assessment of chemotherapy responsiveness by positron emission
tomography (PET) imaging to tailor therapy in patients with esophageal and esophagogastric junction
adenocarcinoma.

METHODS After baseline PET, patients were randomly assigned to an induction chemotherapy regimen:
modified oxaliplatin, leucovorin, and fluorouracil (FOLFOX) or carboplatin-paclitaxel (CP). Repeat PET was
performed after induction; change in maximum standardized uptake value (SUV) from baseline was assessed.
PET nonresponders (, 35% decrease in SUV) crossed over to the alternative chemotherapy during che-
moradiation (50.4 Gy/28 fractions). PET responders ($ 35% decrease in SUV) continued on the same
chemotherapy during chemoradiation. Patients underwent surgery at 6 weeks postchemoradiation. Primary end
point was pathologic complete response (pCR) rate in nonresponders after switching chemotherapy.

RESULTS Two hundred forty-one eligible patients received Protocol treatment, of whom 225 had an evaluable
repeat PET. The pCR rates for PET nonresponders after induction FOLFOX who crossed over to CP (n 5 39) or
after induction CP who changed to FOLFOX (n5 50) was 18.0% (95% CI, 7.5 to 33.5) and 20% (95% CI, 10 to
33.7), respectively. The pCR rate in responders who received induction FOLFOX was 40.3% (95% CI, 28.9 to
52.5) and 14.1% (95%CI, 6.6 to 25.0) in responders to CP. With amedian follow-up of 5.2 years, median overall
survival was 48.8months (95%CI, 33.2 months to not estimable) for PET responders and 27.4months (95%CI,
19.4 months to not estimable) for nonresponders. For induction FOLFOX patients who were PET responders,
median survival was not reached.

CONCLUSION Early response assessment using PET imaging as a biomarker to individualize therapy for patients
with esophageal and esophagogastric junction adenocarcinoma was effective, improving pCR rates in PET
nonresponders. PET responders to induction FOLFOX who continued on FOLFOX during chemoradiation
achieved a promising 5-year overall survival of 53%.

J Clin Oncol 39:2803-2815. © 2021 by American Society of Clinical Oncology

BACKGROUND

With the rising incidence of esophageal and esoph-
agogastric junction (EGJ) adenocarcinoma, the global
burden from this aggressive malignancy is expected to
grow dramatically over the next decade, underscoring
the critical need for more effective therapies.1 Neo-
adjuvant chemoradiotherapy followed by surgery has
been shown to confer superior survival and enhanced
local tumor control compared with surgery alone and is
an accepted standard of care for operable esophageal
adenocarcinoma.2,3 However, distant failure is com-
mon and adjuvant therapy trials have demonstrated
poor tolerance and low rates of delivery for additional

systemic therapy following preoperative therapy and
surgery and decreased efficacy as compared with
preoperative chemotherapy.4,5 Moreover, although a
variety of chemotherapeutic agents have been in-
cluded in neoadjuvant chemoradiotherapy trials, the
optimal regimen remains to be defined.6-14

Induction chemotherapy followed by chemoradiotherapy
has been evaluated in some studies15,16 and allows for
early exposure to systemic therapy prior to undergoing
surgery, thereby addressing subclinical systemic disease
and increasing the likelihood that patients will receive the
chemotherapy. In addition, up-front chemotherapy prior
to chemoradiotherapy allows for the assessment of tumor
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response to the chemotherapeutic regimen rather than to
combined chemoradiotherapy, thus providing a window of
opportunity to evaluate response and adapt therapy in the
setting of suboptimal tumor response.17

One option for evaluating tumor response is the use of
metabolic imaging such as 18F-fluorodeoxyglucose (FDG)
positron emission tomography (PET) imaging. FDG-PET
scans are routine for staging esophageal and EGJ can-
cers and PET scan parameters, such as the maximum
standardized uptake value (SUVmax), have been shown to
be predictive and prognostic markers.17 The MUNICON
phase II trial used metabolic response by PET, defined as a
35% or greater reduction in SUVmax from baseline to
14 days after initiation of chemotherapy, to direct either
continuation of current chemotherapy or moving directly to
surgery in patients with esophageal and EGJ cancers who
were metabolic nonresponders. Adapting therapy and
going directly to surgery was associated with an improved
median overall survival (OS).17-19 Thus, PET response–
adapted treatment may help to tailor multimodality ther-
apy on the basis of early identification of patients who can
benefit from changing the treatment regimen in the ab-
sence of response. Additionally, this concept of treatment
adaption leads to a personalized or tailored treatment
approach.

It has been reliably demonstrated that pathologic complete
response (pCR) to preoperative treatment for esophageal
cancer is prognostic for improved local control and
survival.3,10 Although the eradication of disease in the

esophagus ensures a complete resection, a pCR also
predicts for better systemic response of micrometastatic
disease to an active preoperative chemotherapy regimen.3

Therefore, efforts to enhance pCR rates are presumed to
translate into more complete resections, fewer local fail-
ures, and improved survival. This study evaluated the use of
PET response–adapted therapy in patients with esophageal
and EGJ adenocarcinoma with the goal of improving on-
cologic outcomes for these high-risk patients.

METHODS

Study Design and Participants

The Cancer and Leukemia Group B (CALGB) 80803 trial
was a randomized, open-label, phase II study designed to
evaluate the use of early assessment of chemotherapy
responsiveness by metabolic imaging to direct further
therapy in patients with esophageal and EGJ adenocarci-
noma to improve their response as demonstrated by pCR
rates. The study was conducted by the CALGB, which is
now a part of Alliance for Clinical Trials in Oncology (Alli-
ance), and enrolled patients at 69 outpatient cancer
centers in the United States (Appendix Table A1, online
only). The study Protocol (online only) was approved by the
institutional review board at each participating center, and
all patients provided written, informed consent.

Patients were eligible if they were at least 18 years of age
and had surgically resectable, histologically confirmed
esophageal adenocarcinoma, including Siewert EGJ ade-
nocarcinomas types 1 and 2, with stage cT1N1-3M0 or T2-

CONTEXT

Key Objective
The optimal chemotherapy regimen in the neoadjuvant setting for resectable esophageal and esophagogastric junction

(EGJ) cancers is not known, and distant failure rates remain high. Moreover, the efficacy of the concurrent chemotherapy
with neoadjuvant chemoradiation cannot be discerned by evaluating the pathologic response because of the use of
concurrent radiotherapy. The Alliance/CALGB 80803 trial evaluated whether metabolic response assessment by positron
emission tomography (PET) imaging after induction chemotherapy could be used to direct the decision to change
chemotherapy during preoperative chemoradiotherapy with the goal of improving pathologic complete response and
survival outcomes among PET nonresponders.

Knowledge Generated
With mature follow-up, CALGB 80803 demonstrated that early metabolic response assessment after induction chemo-

therapy can help tailor neoadjuvant therapy to a patient’s individual tumor biology. The primary end point of pathologic
complete response improvement in the PET nonresponders was achieved, and this translated into promising 5-year
overall survival rates for these patients.

Relevance
This trial demonstrates a viable and promising strategy for patients with resectable esophageal and EGJ cancers that

highlights several key principles, including incorporation of induction chemotherapy prior to chemoradiation and the
utility of early response assessment by PET that can inform subsequent selection of therapy. Moreover, the particularly
robust results observed in modified oxaliplatin, leucovorin, and fluorouracil responders suggest that this chemotherapy
backbone may have potential advantages in this clinical context over the more commonly used CROSS regimen
(carboplatin-paclitaxel), although such comparisons require further study.
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4NanyM0 according to the 2010 (7th edition) staging
criteria of the American Joint Commission on Cancer.
Patients were also required to have Eastern Cooperative
Oncology Group performance status 0-1 and adequate
renal, hepatic, and cardiac functions. Staging included
computed tomography (CT) scan of the chest and abdo-
men, and locoregional staging was determined by endo-
scopic ultrasound if technically feasible. All disease (tumor
and nodes) was required to be both surgically resectable
and capable of inclusion in a radiotherapy field; thus,
patients with involved cervical or supraclavicular lymph
nodes were not eligible and any T4 tumors with clear ev-
idence of invasion of the vertebral column, heart, great
vessels, or tracheobronchial tree were excluded. Patients
were required to have an FDG-avid tumor with a maximum
standardized uptake value (SUVmax) of $ 5.0 in the pri-
mary tumor on baseline combined PET-CT scan that
conformed to Protocol guidelines.

Eligible patients were enrolled by treating physicians at the
participating hospitals and then randomly assigned with
equal probability (1:1) to induction treatment with modified
FOLFOX6 (oxaliplatin, leucovorin, and fluorouracil [5-FU;
FOLFOX]) or CP. Treatment was assigned by computerized
central random allocation using a permuted block method
with block size of six, stratified by T-stage (T1-2 and T3-4)
and nodal status (N0 and N1).

Procedures

Prior to enrollment of patients, institutions were required to
be credentialed to participate by the Imaging Core Labo-
ratory (ICL) at The Ohio State University Medical Center if
they had not been previously credentialed for PET imaging
for any other Alliance study (PET credentialing details are in
Appendix 1, online only). All patients underwent a baseline
PET scan to evaluate the metabolic activity of the primary
tumor as measured by the SUVmax. Prior to establishing
eligibility, there was a mandatory central review of the
baseline PET scan by imaging experts at the ICL. If a PET
scan was not performed per Protocol requirements, repeat
PET imaging was required. Once the PET was deemed to
have met Protocol requirements and any additional eval-
uation for study inclusion was complete, patients were
randomly allocated to one of two induction chemotherapy
arms. Patients were randomly assigned to receive either
FOLFOX or CP; details of the chemotherapy administration
are in Appendix 1. After completion of induction chemo-
therapy, a repeat PET was performed during days 36-42
and the change in SUVmax from baseline was assessed.
The day 36-42 PET scan was centrally reviewed and
patients were categorized as a PET responder or PET
nonresponder by the ICL prior to reregistration to proceed
with concurrent chemoradiotherapy. PET responders
($ 35% decrease in SUV) continued on with the same
chemotherapy regimen during chemoradiotherapy, whereas
PET nonresponders (, 35% decrease in SUV) crossed

over to the alternative chemotherapy regimen during
chemoradiotherapy.

Site credentialing for radiotherapy was required through
Imaging and Radiation Oncology Core Rhode Island, and
treatment plans were reviewed and approved centrally prior
to the start of radiotherapy. Radiation treatment planning
details are in Appendix 1. The prescription dose of radio-
therapy was 5,040 cGy in 180-cGy fractions. Radiotherapy
was delivered 5 days per week, once per day, for 5 weeks.
Digital submission of radiotherapy treatment plans for
central review was required. Radiotherapy was started on
the first day of the concurrent chemotherapy.

Toxicity was assessed as per National Cancer Institute’s
Common Terminology Criteria for Adverse Events (version
4.0). Restaging CT scans were undertaken 4-6 weeks after
chemoradiotherapy, and surgery was performed at 6-8
weeks after completion of chemoradiotherapy. The type
of surgery was not mandated; however, surgical quality
assurance data were collected and reviewed by the Surgical
Quality Assurance Committee of Alliance. The resection
specimens were evaluated by the local pathologists as per
detailed trial-specific guidelines. In those cases with a
complete response on the resection specimen, the pre-
operative biopsy was submitted to confirm the initial cancer
diagnosis.

After completion of Protocol treatment, follow-up physical
examinations and routine laboratory tests were performed
every 3 months for 2 years, then every 6 months for ad-
ditional 3 years. Patients underwent an upper endoscopy
annually for 5 years. CT scans were obtained every
6 months for 2 years, then annually until 5 years post-
treatment. Patients were followed until their time of death
for a maximum of 5 years after Protocol treatment.

Statistical Analysis

The primary end point of this study was the pCR rate of PET
nonresponders within each induction treatment group.
pCR was defined as complete absence of tumor in the
entire resected specimen (ypT0N0). Secondary end points
included a comparison of PET response between induction
treatment arms, comparison of pCR rates between in-
duction treatment arms among PET responders and
nonresponders, and OS for all patients and by PET re-
sponse and induction therapy group. OS was defined as
time from registration to death because of any cause. When
examining OS by PET response group, a landmark ap-
proach was chosen for OS analysis since the response
status was an intermediate outcome and not known at the
time of registration. In the landmark OS analysis, OS was
landmarked at restaging PET scan date. Dose intensity was
defined as the cumulative (total) dose of each agent divided
by the expected total dose. Other secondary end points,
including anastomotic leak rates, quality of life, and cor-
relative studies will be reported at a later time point.
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The primary objective was to induce a pCR rate of 20% in
PET nonresponders treated with either induction FOLFOX or
CP, who had crossed over to the alternative regimen during
radiotherapy. PET nonresponders were defined as patients
whose SUV decreased, 35% from baseline after induction
chemotherapy. A two-stage Simon’s20 design (minimax) was
used to test the null hypothesis that the pCR rate among PET
nonresponders within each induction regimen is 5% versus
20%. The null hypothesis of 5% was based on the
MUNICON 2 trial and a phase II study from Memorial Sloan
Kettering Cancer Center that demonstrated a pCR rate of 4%
for patients who were PET nonresponders and continued on
the same chemotherapy with preoperative radiotherapy.21,22

RESULTS

Between November 9, 2011 and May 7, 2015, a total of
257 patients were enrolled and randomly assigned to in-
duction FOLFOX or CP chemotherapy (Fig 1). The final data
cutoff analysis date was March 3, 2020. Seven patients on
each arm were found to be ineligible, and one eligible
patient on each arm declined treatment. A total of 241
eligible patients received induction chemotherapy, and 225
patients had interpretable PET scan after completing in-
duction chemotherapy. Patient and tumor baseline char-
acteristics were balanced between the induction
chemotherapy and PET response groups (Table 1). The
median age was 62.0 years (interquartile range [IQR]: 56.0-

Overall analysis population
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 225)a

(n = 72)
(n = 39)
(n = 64)
(n = 50)

Patients randomly assigned
   Induction FF
   Induction CP

(N = 257)
(n = 129)
(n = 128)

Induction CP, inevaluable
   Ineligible but received treatment
   Ineligible and withdrew before treatment
   Eligible and withdrew before treatment
   PET unevaluable
      PET issue
      Adverse events
      Withdrew

(n = 4)
(n = 3)
(n = 1)
(n = 6)
(n = 2)
(n = 3)
(n = 1)

Induction FF, inevaluable
   Ineligible but received treatment
   Ineligible and withdrew before treatment
   Eligible and withdrew before treatment
   PET unevaluable
      PET issue
      Adverse events
      Withdrew
      Physician decision
      Progression
      Others

(n = 4)
(n = 3)
(n = 1)

(n = 10)
(n = 4)
(n = 1)
(n = 1)
(n = 2)
(n = 1)
(n = 1)

Received
further
chemotherapy
(n = 216) 

No further chemotherapy
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 9)
(n = 2)
(n = 2)
(n = 1)
(n = 4)

Received further chemotherapy
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 216)
(n = 70)
(n = 37)
(n = 63)
(n = 46)

          Per-protocol population 

Received
surgery

(n = 184)

(n = 34)
(n = 8)
(n = 9)
(n = 9)
(n = 8)

No surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

Received surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 181)
(n = 61)
(n = 28)
(n = 54)
(n = 38)

No surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 0)
(n = 0)
(n = 0)
(n = 0)
(n = 0)

Received surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 1)
(n = 1)b

(n = 0)
(n = 0)
(n = 0)

No surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 1)
(n = 0)
(n = 0)
(n = 0)
(n = 1)

Received surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 1)
(n = 1)
(n = 0)
(n = 0)
(n = 0)

No surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 6)
(n = 1)
(n = 2)
(n = 1)
(n = 2)

Received surgery
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 1)
(n = 0)
(n = 0)
(n = 0)
(n = 1)

Received
chemoradiation

(n = 217)

Chemotherapy alone
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 1)
(n = 1)b

(n = 0)
(n = 0)
(n = 0)

No further treatment
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 7)
(n = 1)
(n = 2)
(n = 1)
(n = 3)

Received concurrent
chemoradiation
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 215)
(n = 69)
(n = 37)
(n = 63)
(n = 46)

Received radiation
 alone
   FF responder
   FF nonresponder
   CP responder
   CP nonresponder

(n = 2)
(n = 1)
(n = 0)
(n = 0)
(n = 1)

FIG 1. CONSORT diagram. aAll 225 patients received induction chemotherapy; bReceived FOLFOX as the chemotherapy. The induction chemotherapy
and PET response groups with zero counts have been grayed out. CP, carboplatin-paclitaxel; FF, FOLFOX (modified oxaliplatin, leucovorin, and
fluorouracil); PET, positron emission tomography.
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TABLE 1. Patient and Tumor Characteristics by Induction Therapy and Positron Emission Tomography Response (Four Groups) for Overall Analysis
Population

Characteristic
FOLFOX Responder

(n 5 72)
FOLFOX Nonresponder

(n 5 39)
CP Responder

(n 5 64)
CP Nonresponder

(n 5 50) Total (N 5 225)

Age, years

N 72 39 64 50 225

Median (range) 62.0 (22.0-84.0) 62.0 (28.0-78.0) 64.0 (42.0-80.0) 64.0 (50.0-78.0) 62.0 (22.0-84.0)

IQR 56.0-68.0 54.0-68.0 54.0-71.0 60.0-68.0 56.0-68.0

Mean 61.4 60.2 62.7 64.2 62.2

SD 11.1 11.0 10.2 6.2 9.9

Sex, No. (%)

Male 66 (91.7) 36 (92.3) 56 (87.5) 46 (92.0) 204 (90.7)

Female 6 (8.3) 3 (7.7) 8 (12.5) 4 (8.0) 21 (9.3)

Ethnicity, No. (%)

Hispanic or Latino 0 (0.0) 1 (2.6) 2 (3.1) 1 (2.0) 4 (1.8)

Non-Hispanic 71 (98.6) 37 (94.9) 62 (96.9) 48 (96.0) 218 (96.9)

Not reported 1 (1.4) 1 (2.6) 0 (0.0) 1 (2.0) 3 (1.3)

Race, No. (%)

Unknown 1 (1.4) 0 (0.0) 1 (1.6) 0 (0.0) 2 (0.9)

White 67 (93.1) 38 (97.4) 56 (87.5) 48 (96.0) 209 (92.9)

Black or African American 1 (1.4) 1 (2.6) 3 (4.7) 1 (2.0) 6 (2.7)

Asian 3 (4.2) 0 (0.0) 1 (1.6) 0 (0.0) 4 (1.8)

Native Hawaiian or Pacific Islander 0 (0.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (0.4)

American Indian or Alaska Native 0 (0.0) 0 (0.0) 1 (1.6) 1 (2.0) 2 (0.9)

Not reported 0 (0.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (0.4)

Primary site, No. (%)

EGJ 40 (56.3) 24 (61.5) 38 (59.4) 31 (62.0) 133 (59.4)

Thoracic esophagus 31 (43.7) 15 (38.5) 26 (40.6) 19 (38.0) 91 (40.6)

Missing 1 0 0 0 1

Histologic grade (differentiation), No. (%)

Well-differentiated (grade 1) 5 (7.0) 2 (5.1) 3 (4.7) 1 (2.0) 11 (4.9)

Moderately differentiated (grade 2) 31 (43.7) 18 (46.2) 34 (53.1) 16 (32.0) 99 (44.2)

Poorly differentiated (grade 3) 32 (45.1) 19 (48.7) 23 (35.9) 31 (62.0) 105 (46.9)

Undifferentiated (grade 4) 0 (0.0) 0 (0.0) 2 (3.1) 0 (0.0) 2 (0.9)

Unknown 3 (4.2) 0 (0.0) 2 (3.1) 2 (4.0) 7 (3.1)

Missing 1 0 0 0 1

High grade, No. (%)

Others 39 (54.9) 20 (51.3) 39 (60.9) 19 (38.0) 117 (52.2)

Grade 3 and 4 32 (45.1) 19 (48.7) 25 (39.1) 31 (62.0) 107 (47.8)

Missing 1 0 0 0 1

ECOG performance score, No. (%)

0 52 (72.2) 23 (59.0) 39 (60.9) 26 (52.0) 140 (62.2)

1 20 (27.8) 16 (41.0) 25 (39.1) 24 (48.0) 85 (37.8)

cT-stage, No. (%)

T0 0 (0.0) 1 (2.6) 0 (0.0) 0 (0.0) 1 (0.4)

T1 1 (1.4) 0 (0.0) 2 (3.1) 2 (4.0) 5 (2.2)

(continued on following page)
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68.0), 204 (90.7%) were male, 209 (92.9%) were White,
and 62.2% had Eastern Cooperative Oncology Group
performance score 0. A significant majority of patients had
T3 (81.7%) and/or node-positive (71.4%) tumors located at
the EGJ (59.4%).

Central review of PET scans (458 scans reviewed) dem-
onstrated that themost common causes for noncompliance
with Protocol specifications were as follows: fasting period
of , 4 hours (n 5 35), blood glucose levels $ 200 mg/dL
(n 5 35), timing between FDG administration and scan
time (uptake time outside the window of 60 minutes 6 10
minutes postinjection, n 5 14), out-of-window scheduling
of the baseline or postinduction PET scan (n 5 5), and
inconsistency in uptake time between baseline and post-
induction scan (n 5 2). Overall, adherence to the Protocol
requirements for PET procedures and performance metrics
was quite good. A weighted compliance score with a
maximum score of 100 on the basis of all these criteria

was applied to the 458 PET scans performed. Ninety-nine
percent of the scans scored in the range of 80-100, whichwas
deemed acceptable. Thus, only 1% scored between 70 and
79, because of more substantial Protocol deviations.

During induction FOLFOX chemotherapy, the median
percentage of Protocol dose of 5-FUwas 99.3% (IQR: 96.5-
100.1) and 99.2% (IQR: 97.3-100.3) for the oxaliplatin. For
induction CP, the median Protocol dose of carboplatin and
paclitaxel was 100.0% (IQR: 89.08-107.4) and 98.6%
(IQR: 94.6-100.2), respectively. There was no statistically
significant difference in the rate of PET responders after
induction FOLFOX as compared with induction CP (64.9%
v 56.1%; P 5 .22). Of the 225 patients who received in-
duction chemotherapy and had a PET response assessed,
217 proceeded to radiotherapy either with the same
chemotherapy for the PET responders (n 5 132) or
crossing over to the alternative chemotherapy for the
PET nonresponders (n 5 83) and two patients received

TABLE 1. Patient and Tumor Characteristics by Induction Therapy and Positron Emission Tomography Response (Four Groups) for Overall Analysis
Population (continued)

Characteristic
FOLFOX Responder

(n 5 72)
FOLFOX Nonresponder

(n 5 39)
CP Responder

(n 5 64)
CP Nonresponder

(n 5 50) Total (N 5 225)

T2 6 (8.5) 6 (15.4) 11 (17.2) 8 (16.0) 31 (13.8)

T3 63 (88.7) 31 (79.5) 50 (78.1) 39 (78.0) 183 (81.7)

T4 1 (1.4) 0 (0.0) 1 (1.6) 1 (2.0) 3 (1.3)

TX 0 (0.0) 1 (2.6) 0 (0.0) 0 (0.0) 1 (0.4)

Missing 1 0 0 0 1

cN-stage, No. (%)

N0 15 (21.1) 9 (23.1) 14 (21.9) 19 (38.0) 57 (25.4)

N1 39 (54.9) 15 (38.5) 37 (57.8) 24 (48.0) 115 (51.3)

N2 15 (21.1) 10 (25.6) 8 (12.5) 3 (6.0) 36 (16.1)

N3 0 (0.0) 2 (5.1) 3 (4.7) 4 (8.0) 9 (4.0)

NX 2 (2.8) 3 (7.7) 2 (3.1) 0 (0.0) 7 (3.1)

Missing 1 0 0 0 1

cM-stage, No. (%)

M0 54 (76.1) 31 (79.5) 50 (78.1) 47 (94.0) 182 (81.3)

MX 17 (23.9) 8 (20.5) 13 (20.3) 3 (6.0) 41 (18.3)

Unknown 0 (0.0) 0 (0.0) 1 (1.6) 0 (0.0) 1 (0.4)

Missing 1 0 0 0 1

cT-stage (3, 4), No. (%)

Others 7 (9.9) 8 (20.5) 13 (20.3) 10 (20.0) 38 (17.0)

T3/T4 64 (90.1) 31 (79.5) 51 (79.7) 40 (80.0) 186 (83.0)

Missing 1 0 0 0 1

cN-stage (1, 2, 3), No. (%)

Others 17 (23.9) 12 (30.8) 16 (25.0) 19 (38.0) 64 (28.6)

N1/N2/N3 54 (76.1) 27 (69.2) 48 (75.0) 31 (62.0) 160 (71.4)

Missing 1 0 0 0 1

Abbreviations: c, clinical; CP, carboplatin-paclitaxel; ECOG, Eastern Cooperative Oncology Group; EGJ, esophagogastric junction; FOLFOX, modified
oxaliplatin, leucovorin, and fluorouracil; IQR, interquartile range; SD, standard deviation.
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radiation alone. One patient who responded to FOLFOX
continued on FOLFOX without concurrent radiotherapy.
During chemoradiation, the median percentage of Protocol
dose was 82.0% (IQR: 60.7-95.6) for 5-FU and 97.6%
(IQR: 90.3-99.8) for oxaliplatin. The median percentage of
Protocol dose of carboplatin and paclitaxel was 101.9%
(IQR: 86.8-114.9) and 98.1% (IQR: 94.4-100.6), respec-
tively. Radiotherapy treatment plans for all patients were
centrally reviewed and approved by Imaging and Radiation
Oncology Core Rhode Island prior to the start of radio-
therapy. The median radiotherapy dose was 5,040 cGy
(IQR: 5,040-5,040 cGy and range: 3,600-5,040 cGy) for all
patients and 94% were able to receive the planned total of
28 fractions and 98% were able to receive at least 4,140
cGy, which was not significantly different across the four
subgroups.

Treatment-related grade 3 or higher adverse events during
induction chemotherapy and chemoradiation are shown in
Tables 2 and 3. Grade 3 or higher neutropenia occurred in
4.8% of patients on induction FOLFOX and 5.7% during
induction CP. Treatment-related adverse events during
concurrent chemoradiation were primarily related to lym-
phopenia (30% grade 31 in combined concurrent che-
moradiation groups). Overall, grade 31 hematologic
toxicity occurred in 37% of patients in both the concurrent
FOLFOX and the concurrent CP arm. Nonhematologic
adverse events were also similar for both groups and in-
cluded nausea (7.3%), dysphagia (5.9%), fatigue (5.5%),
dehydration (5%), and anorexia (4.1%). Other grade 3 or
higher GI toxicities were rare and reported in Appendix 1.

There were 5 of 218 (2.2%) patients who died during or
after concurrent chemoradiation, prior to surgery, among
which only one death is treatment-related (esophageal
perforation, probably related to treatment).

One hundred eighty-four patients underwent surgical re-
section at a median of 53 days (7.5 weeks) following
completion of chemoradiation. Among 111 patients who
received induction FOLFOX, 63 of 72 PET responders
(87.5%) and 28 of 39 PET nonresponders (71.8%) went to
surgery. Among the 114 in the induction CP group, 54 of 64
PET responders (84.4%) and 39 of 50 PET nonresponders
(78%) went to surgery. Reasons for not undergoing surgical
resection (19 PET responders and 22 PET nonresponders)
were disease progression (48.8%), medical concerns and/
or poor performance status (24.4%), patient refusal or
alternative therapy (14.6%), early death unrelated to their
cancer (7.3%), or adverse event (4.9%). Of the 184 pa-
tients who proceeded to surgery, 172 patients (93.5%) had
R0 resection, 11 patients (6.0%) had microscopically in-
volved margins (R1), and one patient (0.5%) had gross
residual tumor at the margin (R2). The R0 resection rates
ranged from 87% in the CP responder group and 93%
in the FOLFOX nonresponder group to 97% in both
the FOLFOX responder and CP nonresponder group
(Table 4). The majority (56%) underwent an Ivor-Lewis
esophagogastrectomy; the remainder had a transhiatal
esophagectomy (19.6%), a minimally invasive esoph-
agectomy (16.8%), 3-hole McKeown procedure (5.4%),
or thoracoabdominal esophagectomy (2.2%). There were
6 (3.3%) perioperative deaths (90-day mortality), three

TABLE 2. Grade 31 Adverse Events At Least Possibly Related to Treatment (. 5% Prevalence in Either Arm) During Induction Phase
Grade 31 Adverse Event FOLFOX (n 5 125), % CP (n 5 123), % Overall (N 5 248), % P a

Lymphocyte count decreased 3.2 13.8 8.5 .003

Neutrophil count decreased 4.8 5.7 5.2 .75

Abbreviations: CP, carboplatin-paclitaxel; FOLFOX, modified oxaliplatin, leucovorin, and fluorouracil.
aChi-square.

TABLE 3. Grade 31 Adverse Events At Least Possibly Related to Treatment (. 5% Prevalence in Either Arm) During Concurrent Phase
Grade 31 Adverse Event FOLFOX (n 5 111), % CP (n 5 109), % Overall (N 5 220), % P a

Lymphocyte count decreased 30.6 29.4 30.0 .84

Neutrophil count decreased 7.2 10.1 8.6 .45

WBC decreased 8.1 7.3 7.7 .83

Nausea 5.4 9.2 7.3 .28

Dysphagia 5.4 6.4 5.9 .75

Platelet count decreased 6.3 5.5 5.9 .80

Fatigue 7.2 3.7 5.5 .25

Anemia 4.5 5.5 5 .73

Dehydration 3.6 6.4 5 .34

Anorexia 6.3 1.8 4.1 .09

Abbreviations: CP, carboplatin-paclitaxel; FOLFOX, modified oxaliplatin, leucovorin, and fluorouracil.
aChi-square.
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in the CP responder group, two in the CP nonresponder
group, one in the FOLFOX responder group, and none in
the FOLFOX nonresponder group.

The trial passed the preplanned interim analysis and was
fully accrued. Efficacy criteria were met for the primary end
point of pCR in the PET nonresponders in both induction
groups (prespecified efficacy cutoff pCR $ 5). Among the
first 38 evaluable FOLFOX nonresponders, six patients had
pCR. Among the first 38 evaluable CP nonresponders, six
patients had pCR. For all evaluable PET nonresponders
after induction FOLFOX who crossed over to CP (n 5 39),
the pCR was 18.0% (95% CI, 7.5 to 33.5), and for all
evaluable PET nonresponders after CP who received
FOLFOX (n 5 50), pCR was 20% (95% CI, 10 to 33.7)
(Table 5). For PET responders in the FOLFOX induction
group who continued FOLFOX with chemoradiation (n5 72),

the pCR was 40.3% (95% CI, 28.9 to 52.5), whereas in
PET responders who received induction CP (n 5 9), only
14.1% (95% CI, 6.6 to 25.0) achieved a pCR; this dif-
ference was statistically significant (P 5 .001). The
pathologic staging (ypT and ypN) for patients undergoing
surgery is shown in Appendix Table A2 (online only).
Pathologic node-negative (ypN0) rates were higher for the
patients receiving induction FOLFOX, 84.1% for PET re-
sponders and 71.4% for PET nonresponders versus those
receiving induction CP, 66.7% for responders and 59.0%
for nonresponders.

At the time of data cutoff, with a median follow-up of 5.17
years (IQR: 4.71-5.42), the median OS for evaluable pa-
tients was 41.2 months (95% CI, 30.9 to not estimable
[NE]) and the 2- and 5-year OS was 63.5% (95%CI, 57.4 to
70.1) and 44.9% (95% CI, 38.8 to 52.0), respectively.

TABLE 4. Surgical Outcomes

Outcome
FOLFOX Responder

(n 5 63)
FOLFOX Nonresponder

(n 5 28)
CP Responder
(n 5 54)

CP Nonresponder
(n 5 39)

Total
(N 5 184) P

Type of surgery, No. (%) .64

Ivor-Lewis esophagogastrectomy 37 (58.7) 18 (64.3) 31 (57.4) 17 (43.6) 103 (56.0)

Three-hole esophagectomy (McKeown
procedure)

4 (6.3) 1 (3.6) 2 (3.7) 3 (7.7) 10 (5.4)

Minimally invasive esophagectomy 9 (14.3) 3 (10.7) 11 (20.4) 8 (20.5) 31 (16.8)

Thoracoabdominal esophagectomy 3 (4.8) 0 (0.0) 1 (1.9) 0 (0.0) 4 (2.2)

Transhiatal esophagectomy 10 (15.9) 6 (21.4) 9 (16.7) 11 (28.2) 36 (19.6)

Resection classification, No. (%) .14a

R0 (all gross tumor removed,
microscopically negative margins)

61 (96.8) 26 (92.9) 47 (87.0) 38 (97.4) 172 (93.5)

R1 (all gross tumor removed,
microscopically positive margins)

1 (1.6) 2 (7.1) 7 (13.0) 1 (2.6) 11 (6.0)

R2 (gross residual tumor remains) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.5)

Nodal status, No. (%) .035a

Pathologically node-positive 10 (15.9) 8 (28.6) 18 (33.3) 16 (41.0) 52 (28.3)

Pathologically node-negative 53 (84.1) 20 (71.4) 36 (66.7) 23 (59.0) 132 (71.7)

Weeks from radiation to surgery .19b

N 62c 28 54 38c 182

Median (range) 7.6 (4.3-14.1) 7.6 (4.7-16.6) 7.1 (4.7-81.7) 8.1 (4.0-24.6) 7.6 (4.0-81.7)

IQR 6.7-8.9 6.6-8.6 6.4-8.1 6.7-9.7 6.6-8.9

Mean 7.8 8.0 9.2 8.6 8.4

SD 1.8 2.5 10.8 3.4 6.2

Death within 30 days of surgery, No. (%) .54a

No 62 (98.4) 28 (100.0) 52 (96.3) 37 (94.9) 179 (97.3)

Yes 1 (1.6) 0 (0.0) 2 (3.7) 2 (5.1) 5 (2.7)

NOTE. Three longest durations from end of radiation to surgery are 81.7, 32.3, and 24.6 weeks. They are all pCR 5 No.
Abbreviations: CP, carboplatin-paclitaxel; FOLFOX, modified oxaliplatin, leucovorin, and fluorouracil; IQR, interquartile range; pCR, pathologic complete

response; SD, standard deviation.
aChi-square P value.
bKruskal-Wallis P value.
cOne FOLFOX-responder patient and one CP-nonresponder patient have missing radiation data.
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For the PET responders versus nonresponders, median OS
was 48.8 months (95% CI, 33.2 to NE) and 27.4 months
(95% CI, 19.4 to NE), respectively (Fig 2B). The 2- and 5-
year OS rates were 67.1% (95% CI, 59.6 to 75.6) and
48.7% (95% CI, 40.9 to 58.1) for the PET responders and
56.8% (95% CI, 47.4 to 68.2) and 39.1% (95% CI, 30.1 to
50.9) for the PET nonresponders. The hazard ratio for OS
between the responders and nonresponders was 1.34
(0.94 to 1.92), which was not statistically significant. For the
induction FOLFOX patients who had a PET response and
continued on FOLFOX during chemoradiation, the median
survival was not reached and the 5-year OS was 53.0%
(95% CI, 42.5 to 66.1). In the CP responder group, the
median OS was 38.7 months and the 5-year OS was 43.9%
(95% CI, 33.1 to 58.2).

DISCUSSION

This phase II randomized trial demonstrated that early
response assessment using PET imaging following a short
course of induction chemotherapy to direct the change to
alternative chemotherapy during preoperative chemo-
radiation for PET nonresponders was effective and met the
primary end point of improving pCR rates in PET nonre-
sponders. Metabolic nonresponders represent a poor-risk
group with an expected pCR rate of only 5%; however, by
intervening early and tailoring therapy during chemo-
radiation, the PET nonresponders were able to achieve a
pCR rate of 18% among those who switched from FOLFOX
to CP and 20% for those who switched from CP to FOLFOX.
The mature survival data reflect this improvement in pCR
with a median OS of 29 months for PET nonresponders.
The median OS in the PET nonresponder group is not
significantly worse than the median OS for PET responders
(27.4 months v 48.8 months; P 5 .107), thus suggesting
that changing therapy in this poor-risk group brings their
outcomes closer to the PET responder group.

The highest pCR rate of 40.3% occurred in PET responders
who received both induction and concurrent FOLFOX, and

they also achieved a 53% 5-year OS with a median survival
that has not been reached, thus demonstrating that
enriching the population on the basis of an imaging bio-
marker to identify responders resulted in an excellent
outcome for this group. These results compare very fa-
vorably with the 5-year OS rate of approximately 43% for
patients with esophageal adenocarcinoma treated with
neoadjuvant chemoradiation on the CROSS trial.3 The 30-
day postoperative mortality rate in this study was 2.7%,
similar to that of other contemporary studies, 5.9% in the
CROSS trial and 2.6% in the NEOSCOPE trial, which in-
cluded induction oxaliplatin-capecitabine followed by
random assignment to oxaliplatin-capecitabine or CP with
preoperative radiotherapy.3,12

Despite the lower pCR rate in the induction CP responder
group, their 5-year OS was 44% and median OS was
39 months, suggesting that the surrogate end point of pCR
may not be as reliable for studies evaluating systemic
therapy options because of the impact on micrometastatic
disease rather than on the response in the primary tumor.23

Although this study was not powered for a head-to-head
comparison of the induction chemotherapy groups, the
results suggest that the FOLFOX responders may have
better long-term outcomes and this induction regimen
should be the focus of further studies.

The NRG/RTOG 1010 trial, which enrolled patients during
the same time period and evaluated the addition of tras-
tuzumab to preoperative carboplatin and paclitaxel for
esophageal adenocarcinoma with human epidermal
growth factor receptor 2 overexpression, was recently re-
ported in abstract form. This study had a similar resection
rate of 82% and the pCR rate for all patients was 28%,
similar to prior studies where patients received up-front
chemoradiation.24

The use of induction chemotherapy is a rational approach for
patients with esophageal and EGJ adenocarcinomas given
the high rate of systemic spread that argues for early inter-
vention for subclinical micrometastases. Moreover, preop-
erative chemotherapy has additional advantages including
downsizing the tumor to allow for better tolerance of che-
moradiation by improving dysphagia leading to better oral
intake before starting radiotherapy, improved dose delivery
versus adjuvant chemotherapy, and increased rates of R0
resection.4-6,25 Although the initial results of the randomized
phase II trial of trimodality therapy with or without induction
chemotherapy for esophageal cancer at MD Anderson
Cancer Center did not initially show a benefit to induction
chemotherapy, a secondary analysis in patients with long-
term follow-up demonstrated that induction chemotherapy
significantly prolonged OS in patients with well-differentiated
or moderately differentiated esophageal cancers.14

Biomarker-driven therapy to individualize therapeutic op-
tions for patients has been a major focus in oncology;
however, the minority of patients with cancer have

TABLE 5. pCR Rate by Induction Chemotherapy and PET Response
pCR Rate Among PET Nonresponders

FOLFOX → CP CP → FOLFOX

Fisher P an pCR Percent pCR (95% CI) n pCR Percent pCR (95% CI)

39 7 18.0 (7.5 to 33.5) 50 10 20.0 (10.0 to 33.7) 1.00

pCR Rate Among PET Responders

FOLFOX → FOLFOX CP → CP

Fisher P an pCR Percent pCR (95% CI) n pCR Percent pCR (95% CI)

72 29 40.3 (28.9 to 52.5) 64 9 14.1 (6.6 to 25.0) .001

Abbreviations: CP, carboplatin-paclitaxel; FOLFOX, modified oxaliplatin,
leucovorin, and fluorouracil; pCR, pathologic complete response; PET, positron
emission tomography.

aTwo-sided P value.
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identifiable and actionable molecular or genetic targets to
direct therapy, particularly in esophageal and gastric
cancers. Molecular imaging, such as FDG-PET imaging,
has been demonstrated to be a promising imaging bio-
marker in many types of cancers and since PET is con-
sidered a standard part of the staging evaluation for
esophageal and EGJ cancers, it has been relatively
seamlessly integrated into the evaluation of treatment re-
sponse at various time points. Change in metabolic activity
after treatment as measured by a reduction in the SUVmax
of $ 35% from baseline has been found to be both pre-
dictive and prognostic of outcomes.17,18 Ilson et al con-
firmed that a $ 35% decline in SUV on PET scan was still

valid in predicting outcomes for patients receiving induction
chemotherapy followed by the same chemotherapy with
radiation even at 6 weeks.20 The median OS of PET non-
responders from the Alliance/CALGB 80803 trial improves
upon the outcomes from previous studies where patients
either continued the same regimen for a total of 12 weeks
before surgery (median OS 5 18 months) or discontinued
chemotherapy and went directly to surgery on the

MUNICON trial (median OS 5 25.8 months).17,19

A limitation of this study is that there was no random as-
signment between using the PET findings to change

therapy versus not changing therapy on the basis of PET.

W
ith

ou
t E

ve
nt

 (%
)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58

10

20

30

40

50

60

70

80

90

100

60

OS Time (months)

+ Censored patient 

Responder

Nonresponder

No. at risk:

Nonresponder

Responder

89 77 66 55 49 40 39 38 37 31 19

136 124 111 97 89 82 73 67 63 53 38

Event/Total

Median

(95% CI) 
a

Hazard Ratio

(95% CI) 
b

Survival Estimates

(95% CI) 
a

PResponder

.1065c

Nonresponder

60 months: 39.1
(30.1 to 50.9)

Responder

53/89 27.4 (19.4 to NE) 1.34 (0.94 to 1.92) 24 months: 56.8
(47.4 to 68.2)

70/136 48.8 (33.2 to NE) Reference 24 months: 67.1
(59.6 to 75.6)

60 months: 48.7
(40.9 to 58.1)

A

FIG 2. (A) OS by PET response after induction chemotherapy. (B) OS by induction chemotherapy and PET response groups (four groups). aKaplan-
Meier method; bCox model; cLog-rank test. CP, carboplatin-paclitaxel; FOLFOX, modified oxaliplatin, leucovorin, and fluorouracil; NE, not estimable;
OS, overall survival; PET, positron emission tomography.
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Although the pCR rate improvement of the PET nonre-
sponders as compared with historical controls is sug-
gestive of a benefit, causation cannot be definitively
determined. In addition, the small numbers of patients in
each subgroup makes the interpretation of the pCR rate
difficult, particularly in the CP responder group. Of note,
the low pCR rate of 14% in the CP responder group was

not consistent with the pCR rates in other studies using

concurrent CP, including the CROSS trial2,3 and the

NEOSCOPE trial.12

Furthermore, the baseline and postinduction chemother-
apy PET scans were performed according to stringent

Protocol guidelines and reviewed centrally by expert
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nuclear medicine physicians at the Alliance ICL. Although
molecular imaging with PET has emerged as a powerful
imaging tool for assessing therapy response, standardiza-
tion of imaging and reconstruction protocols, image pro-
cessing, and analysis to ensure quality control was
necessary for a multicenter trial. Central review of PET
scans was performed and the rigorous PET scan protocol
standards helped to improve the quality of the scans on
this study. Nonetheless, as PET imaging is integrated into
routine clinical practice for response assessment, the
quality issues will need to be addressed to allow for PET to
be an accurate biomarker.

The Alliance/CALGB 80803 trial validates the use of early
response assessment using PET imaging as a biomarker of
response to induction chemotherapy to individualize

therapy for patients receiving combined modality therapy
for esophageal and EGJ adenocarcinoma and demon-
strates that PET response–adapted therapy can improve
outcomes in esophageal and EGJ cancers. The FOLFOX
regimen followed by 5-FU and oxaliplatin during radio-
therapy may have advantages over CP and should be
considered for further studies of chemoradiation for
esophageal and EGJ adenocarcinomas. Moreover, since
PET response–adapted treatment can help to tailor mul-
timodality therapy on the basis of early identification of
patients who might benefit from changing the treatment
regimen in the absence of response, this approach could
be used to introduce newer regimens and targeted ther-
apies into the armamentarium of systemic therapies for this
disease.
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APPENDIX 1
Supplemental Methods

Additional information on positron emission tomography
credentialing. Prior to enrollment of patients, institutions were re-
quired to be credentialed to participate by the Imaging Core Laboratory
(ICL) at The Ohio State University Medical Center if they had not been
previously credentialed for positron emission tomography (PET) im-
aging for any other Alliance study. This entailed a virtual site visit to
review the local PET performance characteristics and infrastructure
requirements so that the Protocol specifications for PET scans could be
met for the trial patients. If previously credentialed, the ICL required a
brief WebEx refresher prior to enrolling patients. Given the potential
impact of heterogeneity in the PET performance characteristics in a
multicenter study, stringent guidelines for the PET imaging metrics
were described in the Protocol to maintain the integrity of the use of
PET as a biomarker (see sections 6.0 and 11.0 of Protocol). Oversight
and central review by the ICL provided central quality assurance and
the ability to document the compliance with the imaging guidelines.

Additional information on radiation treatment planning. Radiation
treatment plans were reviewed and approved centrally prior to the start of
radiotherapy through Imaging and Radiation Oncology Core Rhode Island.
CT-based treatment planning was mandated, and either 3-dimensional
conformal or intensity-modulated radiotherapy plans were acceptable. The
gross tumor volume encompassed the primary esophageal tumor and
enlarged nodes and was based on the prechemotherapy extent of disease
using the initial PET scan, endoscopy and/or endoscopic ultrasound report,
and CT scan. The clinical target volume (CTV) included the primary
esophageal tumor with a proximal and distal margin of 3-4 cm and a 1-cm
radial margin, as well as the regional lymphatics. For distal esophageal
tumors and GE junction tumors, the CTV included the celiac lymph nodes.
The planning target volumemarginswere 0.5 cmbeyond theCTVbut could
extend to 0.7-1.0 cm superiorly and inferiorly for esophagogastric junction
tumors to account for respiratory motion.

Additional information on chemotherapy dosing. Modified
oxaliplatin, leucovorin, and fluorouracil (5-FU) (FOLFOX) was ad-
ministered intravenously (IV) every 2 weeks for three cycles with
oxaliplatin (85 mg/m2), leucovorin (400 mg/m2) or levoleucovorin
(200 mg/m2), and 5-FU (400 mg/m2 bolus), followed by 5-FU infusion
over 48 hours (2,400 mg/m2). For patients 60 years of age or older, the
oxaliplatin was administered IV at 70 mg/m2, leucovorin at 300 mg/m2

(or levoleucovorin 150 mg/m2), and the 5-FU bolus at 300 mg/m2,
followed by 5-FU 48-hour infusion of 2,000 mg/m2. Patients randomly
assigned to carboplatin-paclitaxel (CP) received two 3-week cycles of
CP with carboplatin area under the receiver operator characteristic
curve (AUC) 2* IV on day 1 and day 8 and paclitaxel 90 mg/m2 IV on
day 1 and day 8. Dosemodification for patients 60 years of age or older
was carboplatin AUC 2* IV on day 1 and day 8 and paclitaxel 70mg/m2

IV on day 1 and day 8.

The modifications for concurrent treatment with FOLFOX was 5-FU
300 mg/m2/d, over 96 hours via continuous IV infusion every week
during radiotherapy. Oxaliplatin 85 mg/m2 IV was given on day 1 every
2 weeks for three cycles. The concurrent CP was administered as
carboplatin AUC 2* IV and paclitaxel 50 mg/m2 IV, weekly3 5 weeks.
If chemotherapy doses were reduced during induction therapy, those
reduced doses were used as the starting doses for combined
chemoradiation.

Additional information on statistical design. Assuming a PET
nonresponder rate of 50% and that 25% of patients would be non-
evaluable, because of uninterpretable PET imaging or failure to go to

surgery for reasons unrelated to treatment, approximately 51 nonre-
sponders were initially projected to be required in each induction
chemotherapy group to obtain 38 evaluable PET nonresponders. Data
review for the interim analysis on this trial revealed a 10% lower than
expected proportion of patients who were PET nonresponders. Thus,
with only approximately 40% of treated patients who were PET non-
responders, the statistical plan was updated to require 127 patients on
each induction therapy to yield 38 evaluable PET nonresponders.
Therefore, the sample size of the study was revised to be 254 patients.

On the basis of the Simon’s two-stage design, stage 1 ended after 29
evaluable PET nonresponders were randomly assigned to each in-
duction regimen. If one or fewer of those first 29 PET nonresponders in
a particular induction regimen experienced a pathologic complete
response (pCR), then that treatment regimen would be closed to
further accrual because of lack of efficacy. If two or more patients
experienced a pCR among the first 29 PET nonresponders, nine
additional evaluable patients were to be enrolled to the induction
regimen.

Under this design, 38 evaluable PET nonresponders in each induction
regimen provided 90% power to detect the specified difference in pCR
(approximate one-sided a5 .05). Total sample size was determined to
be 254. Patients who were evaluable for primary end point were those
who were eligible, consented, received induction chemotherapy with
Protocol-specified PET scans at both baseline and restaging (ie, prior
to reregistration) and were determined to be nonresponder by PET.
Patients who had inoperable disease because of disease progression,
death, or treatment-related toxicity were considered treatment failures
(ie, not a pCR) and were evaluable for the primary end point. Patients
who did not go to surgery for reasons unrelated to treatment were
considered nonevaluable for the primary end point. The interim
analysis was carried out in each induction regimen separately, and it
was determined that the study should be fully accrued. For the second
stage, with 38 evaluable PET nonresponders, an induction regimen
was considered efficacious if five or more patients (13%) achieved a
pCR.

Patient and treatment characteristics were examined by induction
therapy for all randomly assigned patients (Appendix Table A3, online
only) and were reported by induction therapy and PET response
resulting in four subgroups (Table 1) among patients with interpretable
PET scans. Descriptive statistics are reported. Comparisons of con-
tinuous variables were performed using Wilcoxon rank-sum test and
Kruskal-Wallis test. Comparisons of categorical variables were per-
formed using chi-square test and Fisher’s exact test. Overall survival
was estimated with Kaplan-Meier survival curves and differences were
tested using log-rank tests. The hazard ratio from Cox proportional
hazard model and its 95% CI are also reported. The landmark ap-
proach was used for overall survival comparison involving PET re-
sponder versus nonresponder. All analyses were conducted using SAS
(version 9.4) at a significance level of .05. Data collection and statistical
analyses were conducted by the Alliance Statistics and Data Center.
Data quality was ensured by review of data by the Alliance Statistics
and Data Center and by the study chairperson following Alliance
policies.

SUPPLEMENTAL RESULTS

GI toxicities during induction chemotherapy were less than 5%, with
only 1.6% in FOLFOX and 0.8% in CP experiencing vomiting and no
grade 31 weight loss reported. Grade 31 GI toxicities that occurred
in , 5% of patients during concurrent therapy included the following:
esophagitis (4.5% of patients receiving FOLFOX and 0.9% of patients
receiving CP), vomiting (0% in FOLFOX and 3.7% in CP), and weight
loss (0.9% in FOLFOX and 0.9% in CP).
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TABLE A1. Protocol Sites and Patient Enrollment
Protocol Site Total No.

Ohio State University Comprehensive Cancer Center 30

Memorial Sloan Kettering Cancer Center 25

University of Chicago Comprehensive Cancer Center 16

University of Vermont and State Agricultural College 9

UNC Lineberger Comprehensive Cancer Center 8

Allegheny General Hospital 8

Thomas Jefferson University Hospital 8

Virginia Commonwealth University, Massey Cancer Center 8

Yale University 7

Fairview Southdale Hospital 7

Washington University School of Medicine 6

Regions Hospital 6

Carolinas Medical Center, Levine Cancer Institute 5

Huntsman Cancer Institute, University of Utah 5

Lankenau Medical Center 5

Ochsner Medical Center Jefferson 5

Union Hospital of Cecil County 4

Nebraska Methodist Hospital 4

Saint Joseph Mercy Hospital 4

Spartanburg Medical Center 4

Illinois CancerCare, Peoria 4

NorthShore University HealthSystem, Evanston Hospital 4

Froedtert and The Medical College of Wisconsin 4

Sanford Broadway Medical Center 3

John H. Stroger Jr. Hospital of Cook County 3

Minnesota Oncology Hematology PA, Maplewood 3

Rutgers Cancer Institute of New Jersey 3

Guthrie Medical Group PC, Robert Packer Hospital 3

State University of New York Upstate Medical University 2

Abbott Northwestern Hospital 2

Mercy Hospital 2

The University of Oklahoma Health Sciences Center 2

Veterans Affairs Western New York Health Care System, Buffalo 2

Temple University Hospital 2

Wayne Memorial Hospital 2

Novant Health Presbyterian Medical Center 2

Laura and Isaac Perlmutter Cancer Center at NYU Langone 2

The Valley Hospital, Luckow Pavilion 2

Saint Luke’s Hospital of Kansas City 2

Unity Hospital 2

Eastern Maine Medical Center 2

Mayo Clinic 2

Wake Forest University Health Sciences 2

(continued on following page)
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TABLE A1. Protocol Sites and Patient Enrollment (continued)
Protocol Site Total No.

United Hospital 1

Hawaii Cancer Care Inc-POB II 1

MedStar Georgetown University Hospital 1

Central Vermont Medical Center 1

Sanford Clinic North-Fargo 1

Hennepin County Medical Center 1

UCSF Medical Center at Mission Bay 1

Veterans Affairs Medical Center, San Francisco 1

Toledo Clinic Cancer Centers, Adrian 1

Zuckerberg San Francisco General Hospital 1

ProMedica Flower Hospital 1

Lakeview Hospital 1

Bryn Mawr Hospital 1

Northwestern University 1

Toledo Clinic Cancer Centers, Toledo 1

Cancer Care Specialists of Illinois, Decatur 1

Case Western Reserve University 1

Straub Clinic and Hospital 1

UCSF Medical Center at Mount Zion 1

Medical Oncology Hematology Consultants, PA 1

Billings Clinic Cancer Center 1

Queen’s Medical Center 1

NorthShore University HealthSystem, Highland Park Hospital 1

University of Arizona Medical Center-University Campus 1

Lehigh Valley Hospital-Cedar Crest 1

Englewood Hospital and Medical Center 1
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TABLE A2. Posttreatment Pathologic (yp) Staging by Induction Chemotherapy and Positron Emission Tomography Response Among Patients Who
Completed Neoadjuvant Treatment

Pathologic Staging
FOLFOX Responder

(n 5 72)
FOLFOX Nonresponder

(n 5 39)
CP Responder

(n 5 64)
CP Nonresponder

(n 5 50)
Total

(N 5 225) P

ypT-stage, No. (%) .0426a

T0 31 (43.1) 8 (20.5) 11 (17.5) 11 (22.0) 61 (27.2)

T1 11 (15.3) 6 (15.4) 15 (23.8) 4 (8.0) 36 (16.1)

T2 11 (15.3) 10 (25.6) 13 (20.6) 12 (24.0) 46 (20.5)

T3 9 (12.5) 4 (10.3) 14 (22.2) 11 (22.0) 38 (17.0)

T4 1 (1.4) 0 (0.0) 0 (0.0) 1 (2.0) 2 (0.9)

No surgery 9 (12.5) 11 (28.2) 10 (15.9) 11 (22.0) 41 (18.3)

Missing 0 0 1 0 1

ypN-stage, No. (%) .0260a

N0 53 (73.6) 20 (51.3) 36 (56.3) 23 (46.0) 132 (58.7)

N1 6 (8.3) 3 (7.7) 9 (14.1) 7 (14.0) 25 (11.1)

N2 2 (2.8) 2 (5.1) 7 (10.9) 9 (18.0) 20 (8.9)

N3 2 (2.8) 3 (7.7) 2 (3.1) 0 (0.0) 7 (3.1)

No surgery 9 (12.5) 11 (28.2) 10 (15.6) 11 (22.0) 41 (18.2)

ypM-stage, No. (%) .0397a

M0 58 (84.1) 24 (63.2) 51 (83.6) 38 (77.6) 171 (78.8)

M1 2 (2.9) 3 (7.9) 0 (0.0) 0 (0.0) 5 (2.3)

No surgery 9 (13.0) 11 (28.9) 10 (16.4) 11 (22.4) 41 (18.9)

Missing 0 0 1 0 1

Version 1b 3 1 2 1 7

Abbreviations: CP, carboplatin-paclitaxel; FOLFOX, modified oxaliplatin, leucovorin, and fluorouracil.
aChi-square P value.
bSeven patients who received surgery used version 1 of the form, so no metastatic information is available.
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TABLE A3. Patient and Tumor Characteristics by Induction Therapy for All Randomly Assigned Patients
Characteristic FOLFOX (n 5 129) CP (n 5 128) Total (N 5 257) P

Age, years .10a

N 129 128 257

Median (range) 62.0 (22.0-84.0) 64.0 (42.0-80.0) 64.0 (22.0-84.0)

IQR 54.0-68.0 58.0-70.0 56.0-68.0

Mean 61.0 63.5 62.3

SD 11.18 8.73 10.09

Sex, No. (%) .71b

Male 113 (87.6) 114 (89.1) 227 (88.3)

Female 16 (12.4) 14 (10.9) 30 (11.7)

Ethnicity, No. (%) .51b

Hispanic or Latino 1 (0.8) 3 (2.3) 4 (1.6)

Non-Hispanic 126 (97.7) 124 (96.9) 250 (97.3)

Not reported 2 (1.6) 1 (0.8) 3 (1.2)

Race, No. (%) .62b

Unknown 1 (0.8) 1 (0.8) 2 (0.8)

White 119 (92.2) 116 (90.6) 235 (91.4)

Black or African American 6 (4.7) 4 (3.1) 10 (3.9)

Asian 3 (2.3) 3 (2.3) 6 (2.3)

Native Hawaiian or Pacific Islander 0 (0.0) 1 (0.8) 1 (0.4)

American Indian or Alaska Native 0 (0.0) 2 (1.6) 2 (0.8)

Not reported 0 (0.0) 1 (0.8) 1 (0.4)

Histologic grade (differentiation), No. (%) .44b

Well-differentiated (grade 1) 8 (6.3) 4 (3.1) 12 (4.7)

Moderately differentiated (grade 2) 55 (43.0) 54 (42.2) 109 (42.6)

Poorly differentiated (grade 3) 61 (47.7) 62 (48.4) 123 (48.0)

Undifferentiated (grade 4) 0 (0.0) 2 (1.6) 2 (0.8)

Unknown 4 (3.1) 6 (4.7) 10 (3.9)

Missing 1 0 1

High grade, No. (%) .71b

Others 67 (52.3) 64 (50.0) 131 (51.2)

Grade 3 and 4 61 (47.7) 64 (50.0) 125 (48.8)

Missing 1 0 1

ECOG performance score, No. (%) .0478b

0 88 (68.2) 72 (56.3) 160 (62.3)

1 41 (31.8) 56 (43.8) 97 (37.7)

cT-stage, No. (%) .48b

T0 1 (0.8) 0 (0.0) 1 (0.4)

T1 1 (0.8) 4 (3.1) 5 (2.0)

T2 16 (12.5) 22 (17.2) 38 (14.8)

T3 108 (84.4) 99 (77.3) 207 (80.9)

T4 1 (0.8) 2 (1.6) 3 (1.2)

TX 1 (0.8) 1 (0.8) 2 (0.8)

Missing 1 0 1

(continued on following page)
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TABLE A3. Patient and Tumor Characteristics by Induction Therapy for All Randomly Assigned Patients (continued)
Characteristic FOLFOX (n 5 129) CP (n 5 128) Total (N 5 257) P

cN-stage, No. (%) .03b

N0 30 (23.4) 35 (27.3) 65 (25.4)

N1 63 (49.2) 71 (55.5) 134 (52.3)

N2 28 (21.9) 13 (10.2) 41 (16.0)

N3 2 (1.6) 7 (5.5) 9 (3.5)

NX 5 (3.9) 2 (1.6) 7 (2.7)

Missing 1 0 1

cM-stage, No. (%) .09b

M0 98 (76.6) 110 (85.9) 208 (81.3)

M1 2 (1.6) 0 (0.0) 2 (0.8)

MX 28 (21.9) 17 (13.3) 45 (17.6)

Unknown 0 (0.0) 1 (0.8) 1 (0.4)

Missing 1 0 1

cT-stage (3, 4), No. (%) .19b

Others 19 (14.8) 27 (21.1) 46 (18.0)

T3/T4 109 (85.2) 101 (78.9) 210 (82.0)

Missing 1 0 1

cN-stage (1, 2, 3), No. (%) .78b

Others 35 (27.3) 37 (28.9) 72 (28.1)

N1/N2/N3 93 (72.7) 91 (71.1) 184 (71.9)

Missing 1 0 1

Abbreviations: c, clinical; CP, carboplatin-paclitaxel; ECOG, Eastern Cooperative Oncology Group; FOLFOX, modified oxaliplatin, leucovorin, and
fluorouracil; IQR, interquartile range; SD, standard deviation.

aKruskal-Wallis P value.
bChi-square P value.
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