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Abstract
Background: We compared the health-related quality of life (HRQOL) in patients
undergoing trimodality therapy for resectable stage I-III esophageal cancer.
Methods: A total of 96 patients were randomized to standard neoadjuvant cisplatin
and 5-fluorouracil chemotherapy plus radiotherapy (neoadjuvant) followed by surgical
resection or adjuvant cisplatin, 5-fluorouracil, and epirubicin chemotherapy with con-
current extended volume radiotherapy (adjuvant) following surgical resection.
Results: There was no significant difference in the functional assessment of cancer
therapy-esophageal (FACT-E) total scores between arms at 1 year (p = 0.759) with
36% versus 41% (neoadjuvant vs. adjuvant), respectively, showing an increase of ≥15
points compared to pre-treatment (p = 0.638). The HRQOL was significantly inferior
at 2 months in the neoadjuvant arm for FACT-E, European Organization for Research
and Treatment of Cancer quality of life questionnaire (EORTC QLQ-OG25), and
EuroQol 5-D-3 L in the dysphagia, reflux, pain, taste, and coughing domains
(p < 0.05). Half of patients were able to complete the prescribed neoadjuvant arm che-
motherapy without modification compared to only 14% in the adjuvant arm
(p < 0.001). Chemotherapy related adverse events of grade ≥2 occurred significantly
more frequently in the neoadjuvant arm (100% vs. 69%, p < 0.001). Surgery related
adverse events of grade ≥2 were similar in both arms (72% vs. 86%, p = 0.107). There
were no 30-day mortalities and 2% vs. 10% 90-day mortalities (p = 0.204). There were
no significant differences in either overall survival (OS) (5-year: 35% vs. 32%,
p = 0.409) or disease-free survival (DFS) (5-year: 31% vs. 30%, p = 0.710).
Conclusion: Trimodality therapy is challenging for patients with resectable esophageal
cancer regardless of whether it is given before or after surgery. Newer and less toxic
protocols are needed.
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INTRODUCTION

Esophageal cancer is a challenging disease entity that reduces a
patient’s health-related quality-of-life (HRQOL) and is lethal in
most cases.1 Although some patients can be cured, the treat-
ment for esophageal cancer is protracted and diminishes
HRQOL.2,3 There are only a few studies assessing the HRQOL
of patients undergoing multi-modality therapy for esophageal
cancer, but there are no reports evaluating the HRQOL of
patients undergoing neoadjuvant compared to adjuvant
chemoradiation in patients undergoing esophagectomy.2,4–6

Epirubicin, cisplatin, and 5-fluorouracil (ECF) along
with extended field radiation that includes the anastomosis
given in the adjuvant setting has been the standard of care
at our center for several decades.7–10 We set out to compare
the HRQOL effects of standard neoadjuvant cisplatin and
5-fluorouracil (5-FU) chemotherapy plus radiotherapy (neo-
adjuvant) followed by surgical resection to adjuvant cis-
platin, 5-FU, and epirubicin chemotherapy with concurrent
extended volume radiotherapy (adjuvant) following surgical
resection for resectable esophageal carcinoma.

OBJECTIVE

We hypothesized that both trimodality treatment options
would provide similar survival results but may have different
patient-centered experiences with respect to HRQOL and
adverse events.

TRIAL DESIGN

The Quality of Life in Neoadjuvant vs. Adjuvant Therapy of
Esophageal Cancer Treatment Trial (QUINTETT) was a
single-center, parallel-group, centrally concealed, random-
ized superiority study. The Consolidated Standards of
Reporting Trials (CONSORT) 2010 guideline was followed
to report the details of this trial.11

PARTICIPANTS

The study population consisted of sequentially screened patients
with stage I to III resectable cancer of the esophagus referred to
our institution (Figure 1). The inclusion criteria were histologi-
cally documented squamous cell carcinomas or adenocarci-
nomas of the thoracic esophagus (>20 cm from the incisors) or
gastroesophageal junction (<3 cm into the stomach) that were
judged to be operable, resectable, and able to tolerate trimodality
therapy by a surgical, medical, and radiation oncologist.

STUDY SETTING

The study took place from April 2009 to November 2016 at
the London Health Sciences Centre and London Regional

Cancer Program. The study was completed and approved
by our local ethics review board in accordance with the
Declaration of Helsinki, Good Clinical Practice guideline.12

All included patients provided written informed consent.
Pre-treatment clinical and final pathologic staging was
based on the American Joint Committee on Cancer (7th
edition).13

NEOADJUVANT THERAPY

In the neoadjuvant arm treatment began within 4 weeks of
randomization and consisted of 2 cycles of induction cis-
platin 25 mg/m2 � 4 days (=100 mg/m2) concurrent with
5-FU 1000 mg/m2 per day for 96 hours continuous venous
infusion for 2 cycles every 28 days with concurrent 50.4 Gy
in 28 fractions of radiation therapy. Additional details are
available in the protocol in Appendix S1.

ADJUVANT THERAPY

The adjuvant arm consisted of surgical resection followed
by 2 cycles of ECF chemotherapy and concurrent extended
volume radiation treatment that included the anastomosis
and began between 8- and 12-weeks following surgery.
This was chemotherapy alone for 2 cycles (epirubicin
50 mg/m2 and cisplatin 60 mg/m2 day 1, and 5-FU by con-
tinuous venous infusion at 200 mg/m2 for 21 days) then
cisplatin 60 mg/m2 day 1, and 5-FU by continuous venous
infusion at 200 mg/m2 for 21 days with concurrent 50.4 Gy
radiation immediately afterward for 2 additional cycles as
previously described.7,13,14 Adjuvant chemoradiation was
only given to patients with pathologic T3 or N1 disease.
Patients with positive radial margins were offered
chemoradiation at the discretion of the oncologists. Addi-
tional details are available in the protocol in the online
Appendix S1.

PRIMARY OUTCOME

The primary endpoint was the tumor-specific patient-
oriented HRQOL using the validated functional assessment
of cancer therapy: esophagus (FACT-E) at 1 year.15 It is a
HRQOL subscale for patients with esophageal cancer used
with the functional assessment of cancer therapy: general
(FACT-G) and provides a more multidimensional assess-
ment of HRQOL than the European Organization for
Research and Treatment of Cancer Quality of Life ques-
tionnaire (EORTC QLQ)-C30/QLQ-OG25.16–20 The a
priori minimal clinically important difference was conser-
vatively set at 15 indicating that a 15-point increase in the
FACT-E score compared to baseline would correspond
with a clinically meaningful positive effect on HRQOL for
the patient.21,22 Additional details are provided in the
Appendix S1 online protocol.
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SECONDARY ENDPOINTS

Secondary endpoints included additional HRQOL assess-
ments using the tumor-specific EORTC QLQ-OG 25.23–25

The EuroQoL 5-Dimension 3-Level (EQ-5D-3L) utility
instrument25,26 that has minimal clinically important differ-
ences estimated to be 0.06 for US-index scores.27 Other out-
comes included adverse events using the Common
Terminology Criteria for Adverse Events (CTCAE), version
4.0, and overall survival (OS) and disease-free survival
(DFS), both calculated from date of randomization to date
of recurrence (DFS only), date of death because of any
cause, or date of last follow-up, whichever occurs first.37

SAMPLE SIZE

The sample size was estimated based on an improvement
in the HRQOL as measured by the FACT-E at 1 year
of 15 points. Based on a two-sample t-test, using two-
sided testing, α = 0.05, power = 80% and standard
deviation (SD) = 25; 48 patients would be required in each
arm (96 total patients) after adjusting for 10% lost to follow-
up.28 The randomization was completed in a 1:1 allocation
ratio, stratified by nodal status and surgeon according to a
computer-generated randomization list by an independent
statistician to ensure concealment of the randomization pro-
cess.29 There was no blinding.

F I G U R E 1 Study schema. CT, computed
tomography; PET, positron emission
tomography; 5-FU, 5-fluorouracil
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STATISTICAL METHODS

Descriptive statistics were generated for all patients and
compared using the χ2 test, Fisher’s exact test, two-sample
t-test, Wilcoxon rank-sum test, or paired t-test as appropri-
ate. Univariable Cox proportional hazards regression was
performed for OS and DFS (Table S1). Kaplan–Meier esti-
mates were generated for OS and DFS log-rank test stratified
by clinical nodal status. All analysis was intention-to-treat
and performed using SAS version 9.4 software (SAS Insti-
tute) using two-sided testing at the 0.05 significance level.

RESULTS

Participant flow

A total of 606 consecutive patients referred to our institu-
tion. A total of 510 patients were excluded: 441 did not meet
inclusion criteria; 54 declined to participate; and 15 for other
reasons. Ninety-six patients with stage I to III resectable
esophageal cancer were ultimately randomized, 47 patients
into neoadjuvant arm and 49 patients into adjuvant arm
(Figure 2).

Baseline data

Baseline characteristics are summarized in Table 1.
Overall patients were well balanced. Most patients had

adenocarcinomas of the distal esophagus/gastroesophageal
junction (89% vs. 90%). The combined pathologic stage dis-
tribution was 0 9%; I 21%; II 31%; III 38%. A total of 92% of
patients in the neoadjuvant arm received a percutaneous
feeding tube and nutritional support compared to 96% of
patients in the adjuvant arm. The median follow-up was
7.6 years (95% confidence interval [CI], 6.5–9.5), 8.7 years
(95% CI, 7.4–9.9) in the neoadjuvant arm and 7.6 years
(95% CI, 5.1–11.8) in the adjuvant arm, and no patient was
lost to follow-up.

Outcomes

HRQOL
At baseline there were no statistically significant differ-

ences in HRQOL. At 1-year follow-up, the mean � SD
FACT-E score was 139.7 � 20.0 in the neoadjuvant arm
compared to 138.0 � 21.9 in the adjuvant arm with a mean
difference of 1.7 (p = 0.759) (Table 2 and Figure 3(a)). Both
arms improved significantly compared to baseline, but were
below the a priori minimal clinically important difference
threshold of 15. The FACT-E score improved by ≥15 points
in 11 (36%) of the patients in the neoadjuvant arm and
14 (41%) in the adjuvant arm (p = 0.638). An improvement
of more than 15 points is considered clinically significant
for patients. Overall, just over one-third of patients receiving
neoadjuvant therapy had a clinically significant improve-
ment in their HRQOL compared to less than one half of
patient receiving adjuvant chemoradiation. FACT-E scores

F I G U R E 2 Consort diagram
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over time stratified by arm are shown in Figure 3(a). There
was a clinically and statistically significant greater decrease
in the HRQOL in the neoadjuvant arm at 2 months
(�21.9 � 28.4) compared to the adjuvant arm
(�5.1 � 26.1, p = 0.007). The Trial Outcome Index
(defined as the sum of FACT-G physical and functional
well-being and esophagus cancer subscale) also showed a
significantly larger decrease for the neoadjuvant arm at
2 months (p = 0.008) and a significant improvement at
1-year for the neoadjuvant arm (11.8 � 26.3, p = 0.019),
but not for the adjuvant arm (6.9 � 25.0, p = 0.116). Simi-
larly, the esophageal cancer subscale also decreased more
for the neoadjuvant arm at 2 months and had a significant
improvement at 1-year for both arms. Although the magni-
tude of improvement at 1-year for FACT-E, Trial Outcome
Index, and esophagus cancer subscale was greater for the
neoadjuvant arm, this was not statistically significant.

Our study also found FACT-G physical well-being was
significantly worse for the neoadjuvant arm at 2 months,
translating to a decrease of �8.2 � 8.3 compared to baseline
for the neoadjuvant arm versus �2.0 � 6.3 for the adjuvant
arm, however, both returned to similar baseline values by
1 year and were not significantly different (neoadjuvant:
p = 0.330; adjuvant: p = 0.550) (Figure 3(b) and Table 2).

Similar trends observed for FACT-G and FACT-E were
also observed for EORTC QLQ-OG25 and the EQ-5D-3L
(Table 3 and Figure 3(d)). The EORTC QLQ-C30 produces

scores on 15 subscales (range for each, 0–100), with higher
scores indicating better outcomes on global quality of life/
health and functioning subscales and worse outcomes on
symptom scales and for financial problems. For EORTC
QLQ-OG25, mean � SD dysphagia was both clinically and
statistically significantly worse at 2 months and resolved by
6 months in the neoadjuvant arm and significantly
improved at 1 year for both arms (Figure 3(c) and Table 3).

For EQ-5D-3L, health state decreased significantly for
both arms at 2 and 4 months, to a greater extent in the neo-
adjuvant arm, but was not significantly different and both
arms returned to baseline by 6 months. The EQ-5D-3L
Index (based on quality-adjusted-life-years) was 0.80 � 0.18
in the neoadjuvant arm and 0.84 � 0.15 in the adjuvant arm
at baseline, clinically and statistically decreased at 2 and
4 months for the neoadjuvant arm, and decreased at
2 months for adjuvant arm during the 6 months of
trimodality therapy but returned to baseline values also by
6 months (Figure 3(d) and Table 3).

Treatment

Chemoradiotherapy

A total of 49% of patients in the neoadjuvant arm required
the chemotherapy to be modified or stopped compared to

T A B L E 1 Baseline patient characteristics for all patients and stratified by treatment arm (n = 96)

Characteristic Arm 1: neoadjuvant CRT (n = 47) Arm 2: adjuvant CRT (n = 49) p-value

Age, mean � SD, median (IQR), y 63.1 � 7.7
63.1 (57.6, 68.3)

65.6 � 8.0
67.0 (60.2, 70.5)

0.112

Gender, n (%)

Male 41 (87.2) 37 (75.5) 0.141

Female 6 (12.8) 12 (24.5)

Clinical stage, n (%)

T1N0 4 (8.5) 5 (10.2) –

T1N1 0 (0) 2 (4.1)

T2N0 13 (27.7) 10 (20.4)

T2N1 2 (4.3) 2 (4.1)

T3N0 12 (25.5) 17 (34.7)

T3N1 14 (29.8) 13 (26.5)

TXN0 1 (2.1) 0 (0)

TXN1 1 (2.1) 0 (0)

Histology, n (%)

Adenocarcinoma 42 (89.4) 44 (89.8) 0.191

Squamous 2 (4.3) 5 (10.2)

Unknown 3 (6.4) 0 (0)

SUVMax, mean � SD, median (IQR) 9.6 � 6.2
8.9 (4.9, 12.2)

9.0 � 6.9
6.8 (4.5, 10.4)

0.343

Median follow-up (y),a median (95% CI) 8.70 (7.36, 9.93) 7.61 (5.13, 11.78) 0.869

Abbreviations: CI, confidence interval; CRT, chemoradiotherapy; IQR, interquartile range; SUVMax, maximum standardized uptake values.
aReverse Kaplan–Meier method (calculated from date of randomization).
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57% in the adjuvant arm (p = 0.421) (Table 4). A total of
51% of patients were able to complete the prescribed neo-
adjuvant chemotherapy without modification compared to
only 14% in the adjuvant arm (p < 0.001). Thirteen patients
(26%) in the adjuvant arm did not receive the allocated che-
motherapy and radiation (Table 4). All 47 patients in the
neoadjuvant arm received some radiation, of which
43 (92%) patients completed the prescribed dose compared
to 36 (74%) patients and 31 (86%) patients, respectively, in
the adjuvant arm. Two patients (4%) in the neoadjuvant and
3 patients (6%) in the adjuvant received additional radio-
therapy (Table 4).

Surgery

Most patients underwent a minimally invasive
esophagectomy with a laparoscopic transhiatal left neck
approach (78% in the neoadjuvant arm and 82% in the adju-
vant arm) (Table 5). The stomach was used for every conduit
reconstruction. All 49 patients in the adjuvant arm under-
went surgery, of which 4 (8%) patients were found to be
unresectable compared to 41 (87%) patients in the neo-
adjuvant arm, of which 2 (5%) patients were found to be
unresectable (Table 5). Only 2 (5%) patients in the neo-
adjuvant arm had positive margins, one proximal and one
radial. In the adjuvant arm, 20 (44%) patients had positive
margins, all 20 patients involving the radial margin and only
1 patient having a positive distal margin. A total of 92% of
patients in the neoadjuvant arm received a feeding tube

compared to 96% in the adjuvant arm. At 1-month post-
discharge from surgery, 32% of patients in the neoadjuvant
arm still had their feeding tube compared to only 10% in the
adjuvant arm (p = 0.009). Six patients in the neoadjuvant
arm did not undergo allocated surgical resection for the fol-
lowing reasons: spinal metastases (n = 1); peritoneal metasta-
ses (n = 1); disease progression during induction
chemotherapy (n = 1); massive pulmonary embolus (n = 1);
and sever cerebral vascular event (n = 1) (Figure 2).

Pathological findings

Adenocarcinomas were the most common (89% vs. 90%)
followed by squamous cell (4% vs. 10%) with unknown his-
tology for 3 (6%) patients in the neoadjuvant arm. A total of
92% of patients in the neoadjuvant arm had a complete R0
resection compared to only 51% in the adjuvant arm
(p < 0.001). A pathological complete response (ypT0N0)
was observed in the resection specimens from 8 (21%)
patients in the neoadjuvant arm all corresponding with ade-
nocarcinomas. Regional lymph nodes were positive in 5% of
neoadjuvant patients compared to 29% in the adjuvant arm
(p < 0.001) (Table 5).

Survival

There were no 30-day mortalities in either arm, but there
was 1 (2%) 90-day mortality in the neoadjuvant arm and

F I G U R E 3 (a–d). Health-related
quality-of-life over time stratified by
treatment arm for (a) FACT-E total, (b)
FACT-G total, (c) EORTC QLQ-OG25
dysphagia, and (d) EQ-5D-3L index.
Abbreviations: FACT-E – Functional
Assessment of Cancer Therapy: Esophagus;
FACT-G – Functional Assessment of Cancer
Therapy: General; EORTC QLQ-OG25 –
European Organization for Research and
Treatment of Cancer Quality of Life
Questionnaire: Oesophago-Gastric 25; EQ-
5D-3L – EuroQol 5-Dimension 3-Level
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5 (10%) 90-day mortalities in the adjuvant arm (p = 0.204),
which is not surprising because the trial was powered to
detect a difference. There were no significant differences
comparing neoadjuvant and adjuvant arms in either OS
(p = 0.409), 5-year OS 35% vs. 32%, or DFS (p = 0.710),
5-year DFS 31% vs. 30% (Figures 4 and 5). Despite extended
field radiotherapy, there were no significant differences in
local (13% vs. 10%, p = 0.694), regional (6% vs. 8%,
p > 0.99), or distant recurrences (51% vs. 45%, p = 0.546)
between the neoadjuvant and adjuvant arms, respectively
(Table 5).

Adverse events

There was also significant morbidity for all patients under-
going trimodality treatment. Every patient experienced
at least one adverse event. Clinically significant adverse
events (grade ≥2) attributed to chemoradiotherapy occurred
in 100% of neoadjuvant and in 69% of adjuvant patients
(p < 0.001), whereas serious adverse events (grade ≥3)
occurred in 79% of neoadjuvant and 55% of adjuvant
patients (p = 0.014), more frequently in neoadjuvant arm
(Table 5). Abdominal pain, dehydration, esophagitis, and

T A B L E 4 Chemotherapy and Radiation details for all patients and stratified by treatment arm (n = 96)

Characteristic

Arm #1:
Neoadjuvant CRT

(n=47)

Arm #2:
Adjuvant CRT

(n=49) p‐value

Chemotherapya – n (%)

Any 47 (100) 39 (79.6) 0.001

Per protocol 24 (51.1) 7 (14.3) < 0.001

Modified 18 (38.3) 20 (40.8) 0.801

Stopped 9 (19.2) 20 (40.8) 0.021

Other 1 (2.1) 10 (20.4) 0.005

Modified or stopped 23 (48.9) 28 (57.1) 0.421

Modified, stopped or other 23 (48.9) 32 (65.3) 0.105

Chemotherapy completed ≥ 1 cycle – n(%) 47 (100) 33 (67.4) < 0.001

Chemotherapy cycles completed – mean ± SD, median
(IQR)

1.9 ± 0.3
2 (2, 2)

3.3 ± 1.0
3.7 (3, 4)

<0.001b

Cisplatina – n (%)

Any 47 (100) 35 (71.4) <0.001

Dose reduced 18 (38.3) 12 (24.5) 0.145

Cisplatin infusions – mean ± SD, median (IQR) 7.6 ± 1.1
8 (8, 8)

3.5 ± 1.1
4 (3, 4)

<0.001b

5‐Fluorouracila – n (%)

Any 47 (100) 34 (69.4) < 0.001

Dose reduced 17 (36.2) 18 (36.7) 0.954

5‐Fluorouracil infusions – mean ± SD, median (IQR) 2.0 ± 0.5
2 (2, 2)

10.8 ± 1.8
11 (10, 12)

<0.001b

Epirubicina – n (%)

Any 0 (0) 34 (69.4) <0.001b

Dose reduced — 9 (18.4) —

Epirubicin infusions – mean ± SD, median (IQR) — 2.0 ± 0.8
2 (2, 2)

—

Radiotherapy – n(%) 47 (100) 36 (73.5) <0.001

Radiotherapy completed – n(%) 43 (91.5) 31 (86.1) 0.492

Chemoradiotherapy – n(%)

Chemoradiotherapy 47 (100) 36 (73.5) <0.001

Chemotherapy only 0 (0) 3 (6.1)

None 0 (0) 10 (20.4)

Additional chemotherapy – n (%) 1 (2.1) 1 (2.0) >0.99

Additional radiotherapy – n (%) 2 (4.3) 3 (6.1) >0.99

Note: p‐values <0.05 shown as BOLD.
Abbreviations: CRT, chemoradiotherapy; IQR, interquartile range.
aCategories not mutually exclusive.
bAnticipated differences due to different protocols.
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T A B L E 5 Surgical details and pathologic outcomes for all patients and stratified by treatment arm (n = 96)

Characteristic N Arm 1: neoadjuvant CRT (n = 47) Arm 2: adjuvant CRT (n = 49) p-value

Surgery, n (%) 96 41 (87.2) 49 (100) 0.012*

Neck incision, n (%)

Left 90 32 (78.1) 40 (81.6) 0.672

None 9 (22.0) 9 (18.4)

Chest incision, n (%)

VATS 5 (12.2) 8 (16.3) 0.556

Thoracotomy 5 (12.2) 2 (4.1)

VATS to thoracotomy 90 2 (4.9) 3 (6.1)

None 29 (70.7) 36 (73.5)

Abdomen incision, n (%)

Laparoscopic 90 37 (90.2) 42 (85.7) 0.824

Laparotomy 3 (7.3) 3 (6.1)

Laparoscopic to laparotomy 1 (2.4) 3 (6.1)

None 0 (0) 1 (2.0)

Primary surgery, n (%)

Esophagectomy-gastric interposition 90 38 (92.7) 44 (89.8) 0.723

Exploration 3 (7.3) 5 (10.2)

Anastomosis, n (%)

Neck 90 32 (78.1) 40 (81.6) 0.731

Chest 6 (14.6) 4 (8.2)

None 3 (7.3) 5 (10.2)

Unresectable, n (%) 90 2 (4.9) 4 (8.2) 0.685

Pathological stage, n (%)

T0N0 86 8 (21.1) 0 (0) –

T1N0 7 (18.4) 5 (10.4)

T1N1 2 (5.3) 3 (6.3)

T2N0 5 (13.2) 1 (2.1)

T2N1 1 (2.6) 1 (2.1)

T3N0 11 (29.0) 9 (18.8)

T3N1 4 (10.5) 10 (20.8)

T3N2 0 (0) 7 (14.6)

T3N3 0 (0) 11 (22.9)

T4N1 0 (0) 1 (2.1)

Tumor grade, n (%)

I 73 3 (10.7) 6 (13.3) 0.909

II 15 (53.6) 22 (48.9)

III 10 (35.7) 17 (37.8)

Positive margins,a n (%)

Any 83 2 (5.3) 20 (44.4) <0.001*

Proximal 1 (2.6) 0 (0) 0.458

Distal 0 (0) 1 (2.2) >0.99

Radial 1 (2.6) 20 (44.4) <0.001*

Resection status, n (%)

R0 (“complete”) 90 37 (90.2) 25 (51.0) <0.001*

R1 (“microscopic/margin positive”) 2 (4.9) 20 (40.8)

R2 (“unresectable”) 2 (4.9) 4 (8.2)

Positive nodes (%), mean � SD, 83 4.8 � 12.8 28.8 � 30.2 <0.001*

(Continues)
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febrile neutropenia related to chemoradiotherapy were sig-
nificantly more frequent in the neoadjuvant arm (p < 0.05),
whereas hypokalemia and hypomagnesemia related to
chemoradiotherapy were significantly more frequent in the
adjuvant arm (p < 0.05) (Table S2 in Appendix). When a per
protocol analysis was performed using only the 36 patients
that received any chemoradiation in the adjuvant arm then
94% of patients endured a clinically significant adverse event
(grade ≥2), and there was no difference between the arms. In

contrast, clinically significant adverse events attributed to sur-
gery occurred in 72% of neoadjuvant and 86% of adjuvant
patients (p = 0.107) and serious adverse events in 58% of
neoadjuvant and 76% of adjuvant (p = 0.061), more fre-
quently in adjuvant arm. Catheter infections and esophageal
stenosis related to surgery were more frequent in the adjuvant
arm (p < 0.05), whereas gastroesophageal reflux and pneumo-
nia were more frequent in the neoadjuvant arm (p < 0.05).
More specifically, esophageal anastomotic leak grade ≥2 was

T A B L E 5 (Continued)

Characteristic N Arm 1: neoadjuvant CRT (n = 47) Arm 2: adjuvant CRT (n = 49) p-value

Median (IQR) 0.0 (0.0, 0.0) 22.2 (0.0, 40.0)

Invasiona, n (%)

Any 83 15 (39.5) 37 (82.2) <0.001*

Stomach 10 (26.3) 20 (44.4) 0.087

Lymphovascular 5 (13.2) 31 (68.9) <0.001*

Venous 1 (2.6) 13 (28.9) 0.002*

Gastric/serosal 0 (0) 1 (2.2) >0.99

Perineural 2 (5.3) 14 (31.1) 0.003*

Feeding tube inserteda, n (%)

Any 43 (91.5) 47 (95.9) 0.431

Chemoradiotherapy 23 (48.9) 5 (10.2) <0.001*

Before surgery 96 28 (59.6) 0 (0) <0.001*

Post-operative stay 14 (29.8) 8 (16.3) 0.117

1-month post-discharge 15 (31.9) 5 (10.2) 0.009*

Deceased, n (%) 96 31 (66.0) 38 (77.6) 0.207

90-day mortality, n (%) 96 1 (2.1) 5 (10.2) 0.204

Status, n (%)

Alive without disease 96 14 (29.8) 10 (20.4) 0.461

Alive with disease 2 (4.3) 1 (2.0)

Deceased 31 (66.0) 38 (77.6)

Recurrence, n (%) 96 29 (61.7) 27 (55.1) 0.512

Local recurrence, n (%) 96 6 (12.8) 5 (10.2) 0.694

Regional recurrence, n (%) 96 3 (6.4) 4 (8.2) >0.99

Distant recurrence, n (%) 96 24 (51.1) 22 (44.9) 0.546

Recurrence pattern, n (%)

Local 56 5 (17.2) 3 (11.1) –

Regional 0 (0) 1 (3.7)

Distant 20 (69.0) 19 (70.4)

Local + regional 0 (0) 1 (3.7)

Local + distant 1 (3.5) 1 (3.7)

Regional + distant 3 (10.3) 2 (7.4)

Adverse eventsa, n (%)

Chemoradiotherapy + grade ≥2 96 47 (100) 34 (69.4) <0.001*

Chemoradiotherapy + grade ≥3 37 (78.7) 27 (55.1) 0.014*

Surgery + grade ≥2 34 (72.3) 42 (85.7) 0.107

Surgery + grade ≥3 27 (57.5) 37 (75.5) 0.061

Note: *Indicates p-values <0.05.
Abbreviations: CRT, chemoradiotherapy; IQR, interquartile range; VATS, video-assisted thoracoscopic surgery.
aCategories not mutually exclusive.
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similar between the neoadjuvant arm (13%, n = 6) and the
adjuvant arm (16%, n = 8) (p = 0.947); however, esophageal
stenosis grade ≥2 was more frequent in the adjuvant arm
(41%, n = 20) compared to the neoadjuvant arm (15%,
n = 7) (p = 0.007) (Table S3 in Appendix).

DISCUSSION

We assessed the HRQOL of patients with esophageal cancer
undergoing two different trimodality protocols over 1 year
and found no clinical or statistically significant differences
between the neoadjuvant and adjuvant protocols. At 1-year
follow-up the mean FACT-E scores improved significantly

compared to baseline, but they did not reach the a priori min-
imal clinically important difference threshold of 15 points.

During the first year of trimodality treatment there was,
however, a clinically and statistically significant greater
decrease in the FACT-E scores in the neoadjuvant arm at
2 months compared to the adjuvant arm with similar trends
observed for FACT-G, EORTC QLQ-OG25, and EQ-5D-3L
instruments that surpassed their MCID. Most patients com-
pleted their chemoradiation before 4 months and all were
done before 6 months. The declines were mostly in the dys-
phagia, reflux, pain, taste, and coughing domains. We
hypothesize this may be because of the delay in the relief of
symptoms because of the inflammatory effects of radiation on
the esophagus before surgery. All patients in the neoadjuvant
arm received some radiation, of which 92% completed the
prescribed dose compared to only 74% receiving some radia-
tion in the adjuvant arm. It is well known that radiotherapy
can cause numerous complications, including esophagitis,
pneumonitis, and anorexia.30,31 We speculate that patients in
the adjuvant arm that underwent surgery first had their
swallowing restored by 2 months and therefore, reported less
dysphagia. At 1 year, most patients had recovered from the
toxicities of trimodality treatment and their HRQOL became
better overall statistically, but below the MCID of 15 thresh-
old. Our results appear to indicate that neoadjuvant therapy
produced a significant decrease in HRQOL for several
months during the initial phase of their trimodality
treatment.

Our study is the only randomized trial that used the
disease-specific outcomes captured in the FACT-E instrument
to assess HRQOL in esophageal cancer patients undergoing
trimodality therapy. Scarpa et al.2 systematically reviewed the
HRQOL after esophagectomy for cancer that included
21 observational studies comprising a total of 1282 patients.2

The analysis using EORTC QLQ-C30 during a 6-month
follow-up showed that the global scale and physical function
decreased from baseline. van den Boorn et al.4 performed a
systematic review of 49 studies to evaluate the HRQOL in
curatively-treated patients with esophageal or gastric cancer,
but the majority (61%) of the studies unfortunately were of low
quality.4 Their meta-analysis of 36 of the studies that used the
EORTC questionnaires showed similar short-term HRQOL
changes in esophageal cancer patients receiving definitive
chemoradiotherapy, neoadjuvant chemoradiotherapy/chemo-
therapy, or surgery alone. The combined overall neoadjuvant
experiences were like our own, however, they found no studies
that evaluated the effects of adjuvant chemoradiation. In fact,
there is only one other randomized trial that has investigated
the role of neoadjuvant compared to adjuvant trimodality ther-
apy in the treatment of locally advanced carcinoma of the
esophagus, but unfortunately it included only squamous cell
carcinomas and it did not report on any HRQOL outcomes.5

To our knowledge, there has been no randomized trial
evaluating neoadjuvant versus adjuvant chemoradiation for
adenocarcinomas of the esophagus and gastroesophageal junc-
tion. Our trial evaluated two different perioperative protocols.
The neoadjuvant arm consisted of cisplatin and 5-FU plus

F I G U R E 5 Kaplan-Meier plot of disease-free survival stratified by
treatment arm

F I G U R E 4 Kaplan-Meier plot of overall survival stratified by
treatment arm
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radiation, which was the current standard at the time. Our
adjuvant arm consisted of ECF chemotherapy plus radiation,
which was adopted from our gastric cancer protocol at the
time.7,14,32 In our trial, chemoradiotherapy related adverse
events were significantly more frequent in the neoadjuvant
arm. There is substantial evidence in the literature to suggest
that neoadjuvant chemoradiation increases the rate of postop-
erative morbidity and mortality. A meta-analysis of random-
ized trials of patients with resectable esophageal cancer showed
that neoadjuvant chemoradiation was a risk factor for postop-
erative mortality.30,33–35 It was reassuring that we found similar
anastomotic leaks in the neoadjuvant arm compared to the
adjuvant arm, but we did find significantly more strictures in
adjuvant arm. Our own previous experience showed that
extended field radiation decreased local recurrence rates; how-
ever, our current trial found no differences in local, regional, or
even distant recurrence rates between the two arms.36

We observed no significant differences in OS and DFS
between arms with comparable 5-year rates. Most of the evi-
dence currently suggests the optimal treatment for resectable
esophageal cancer should consist of trimodality therapy, but
the sequencing remains unclear.38–40 adjuvant therapies appear
to be less effective compared with the neoadjuvant approaches
and do not lead to an improvement in OS when compared
with surgery alone.39 In contrast to data available on neo-
adjuvant chemoradiotherapy, there are only two randomized
studies comparing adjuvant chemotherapy plus radiotherapy
with surgery alone for esophageal cancer.5,40 MacDonald
et al.40 compared surgery alone with surgery and adjuvant
5-FU chemotherapy plus 45 Gy radiation for patients with
resectable adenocarcinomas of the stomach and gastroesopha-
geal junction, of which only 20% of the patients had cancers of
the gastroesophageal junction. The median OS in the surgery
only group was 27 months, as compared with 36 months in
the chemoradiotherapy group (p = 0.005). Our 35% 5-year OS
in the neoadjuvant arm compares favorably with the 36% from
the Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) trial, whereas our 32% 5-year OS in
the adjuvant arm is inferior to the 42% from MacDonald
et al.40 that included predominately gastric cancers.41

Lv et al.5 investigated the role of neoadjuvant and adjuvant
trimodality therapy in the treatment of locally advanced squa-
mous cell carcinoma of the esophagus by randomizing patients
into 3 groups: preoperative chemoradiation (n= 80), postoper-
ative chemoradiation (n = 78), and surgery alone (n = 80)
and found no significant differences in OS and progression-
free survival, but there were fewer complications with postop-
erative chemoradiation. Our neoadjuvant arm OS rates were
slightly inferior to the 44% 5-year OS reported by Lv et al.5,
but this trial used the more modern paclitaxel and cisplatin
chemotherapy and only included squamous cell carcinomas of
the esophagus. Van Hagan et al.42 found a 47% 5-year OS for
neoadjuvant treatment comprised of carboplatin, paclitaxel,
and radiation (chemoradiotherapy for esophageal cancer
followed by surgery study [CROSS] protocol) in predominately
adenocarcinomas of the esophagus. This combination has
become the current standard among most oncologists for

adenocarcinomas of the esophagus and gastroesophageal junc-
tion. The role of radiation is currently being assessed in several
randomized trials and may prove not be necessary.43–45

There are several limitations of our study that should
be noted. Our trial is based on a relatively small sample size
with a reduced power to detect statistical differences in OS
and DFS, but we did not expect there would be a differ-
ence. We hypothesized that both trimodality treatment
options would provide similar survival results, but have
different patient-centered experiences with respect to
HRQOL and adverse events. Our trial was adequately
powered to detect a difference in the FACT-E if difference
exists. It turned out there was no difference overall, but
there were differences in HRQOL and adverse events. The
HRQOL was significantly inferior at 2 months in the neo-
adjuvant arm for FACT-E, EORTC QLQ-OG25, and
EuroQol 5-D-3 L in the dysphagia, reflux, pain, taste, and
coughing domains. Half of the patients were able to com-
plete the prescribed neoadjuvant arm chemotherapy with-
out modification compared to only 14% in the adjuvant
arm. Chemotherapy related adverse events occurred signif-
icantly more frequently in the neoadjuvant arm.

Our study was a pragmatic trial of our ECF adjuvant
trimodality protocol compared to the more common cis-
platin and 5-FU neoadjuvant protocol. It was not designed
to compare the timing of similar chemoradiation protocols.
The cisplatin dose for the neoadjuvant arm was 100 mg/m2

per cycle, a dose also used in the CALGB 9781 study.46

However, most centers and guidelines now propose 75 mg/m2

of cisplatin per cycle so the toxicities seen in the neo-
adjuvant arm from chemotherapy are likely more severe
than those observed in current clinical practice, which has
evolved since CALGB 9781 was published. We acknowledge
that our two chemotherapy protocols are now considered
obsolete in many centers in North America and Europe, but
they were the standard of care at the inception of the trial
and continue to be used elsewhere in the world. We recog-
nize that some patients with stage I cancers were included in
the neoadjuvant chemoradiation arm and may have been
overtreated. This could have biased the results in favor for
this arm, but this was not the case. We acknowledge the lim-
itations of clinical staging, but felt it was appropriate to not
deny patients the benefit of induction therapy if they were
clinically under staged.

The methodological strengths of our trial include the
prospective randomized design and complete follow-up
data for all participants. The HRQOL data were based on
multiple validated instruments that covered the spectrum
of HRQOL research from disease-specific to utility mea-
surements. The adverse event data were collected every
2 months for 1 year following randomization that allowed
for a detailed longitudinal investigation of the changes
in HRQOL over time between arms. This is the only ran-
domized trial evaluating neoadjuvant versus adjuvant
chemoradiation for predominately adenocarcinomas of
the esophagus and gastroesophageal junction that used
HRQOL as the primary outcome measure.
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CONCLUSIONS

Neoadjuvant cisplatin and 5-FU chemotherapy with radiation
followed by surgery and adjuvant epirubicin, 5-FU, and cis-
platin chemotherapy with extended field radiation therapy
are both challenging for patients, but provide similar survival
benefits with different HRQOL experiences in patients with
resectable esophageal cancer. More effective newer combina-
tions and scheduling of systemic therapy, radiation, and sur-
gery should be explored to improve survival and health
related quality-of-life while and minimizing adverse effects.
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