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A B S T R A C T

Purpose
Induction chemotherapy (IC) before radiotherapy lowers distant failure (DF) rates in locally
advanced squamous cell carcinoma of the head and neck (SCCHN). The goal of this phase III trial
was to determine whether IC before chemoradiotherapy (CRT) further improves survival com-
pared with CRT alone in patients with N2 or N3 disease.

Patients and Methods
Treatment-naive patients with nonmetastatic N2 or N3 SCCHN were randomly assigned to CRT
alone (CRT arm; docetaxel, fluorouracil, and hydroxyurea plus radiotherapy 0.15 Gy twice per day
every other week) versus two 21-day cycles of IC (docetaxel 75 mg/m2 on day 1, cisplatin 75
mg/m2 on day 1, and fluorouracil 750 mg/m2 on days 1 to 5) followed by the same CRT regimen
(IC � CRT arm). The primary end point was overall survival (OS). Secondary end points included
DF-free survival, failure pattern, and recurrence-free survival (RFS).

Results
A total of 285 patients were randomly assigned. The most common grade 3 to 4 toxicities during IC were
febrile neutropenia (11%) and mucositis (9%); during CRT (both arms combined), they were mucositis
(49%), dermatitis (21%), and leukopenia (18%). Serious adverse events were more common in the IC arm
(47% v 28%; P � .002). With a minimum follow-up of 30 months, there were no statistically significant
differences in OS (hazard ratio, 0.91; 95% CI, 0.59 to 1.41), RFS, or DF-free survival.

Conclusion
IC did not translate into improved OS compared with CRT alone. However, the study was underpowered
because it did not meet the planned accrual target, and OS was higher than predicted in both arms. IC
cannot be recommended routinely in patients with N2 or N3 locally advanced SCCHN.

J Clin Oncol 32:2735-2743. © 2014 by American Society of Clinical Oncology

INTRODUCTION

The majority of patients with squamous cell carci-
noma of the head and neck (SCCHN) will present
with locally or locoregionally advanced disease. De-
spite treatment aimed at eradicating the disease,1

cure rates remain modest, especially in tumors not
associated with human papillomavirus (HPV).
Concurrent chemoradiotherapy (CRT), supported
by a meta-analysis demonstrating an improvement
in overall survival (OS) over radiotherapy (RT)
alone,2 has become a standard of care in these pa-
tients. Moreover, high objective response rates to
neoadjuvant chemotherapy are often observed in
these patients. Despite this, the same meta-analysis

demonstrated only a 2.4% improvement in 5-year
OS in studies assessing neoadjuvant chemotherapy
(hazard ratio [HR], 0.96; 95% CI, 0.9 to 1.02; P �
.18), although there was a greater benefit with cispla-
tin plus infusional fluorouracil regimens.2

Interest in neoadjuvant, or induction, chemo-
therapy has been renewed with the demonstrated
efficacy of a three-drug regimen consisting of do-
cetaxel, cisplatin, and fluorouracil (TPF)3-5 and a
consistent reduction in distant failure.6 We hypoth-
esized that induction chemotherapy (IC) would
more likely demonstrate an improvement in sur-
vival if two other conditions were met: use of a CRT
regimen achieving high rates of locoregional control
and treatment of patients at greatest risk for distant
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recurrence. Therefore, we designed a phase III randomized study of IC
followed by concurrent CRT compared with concurrent chemother-
apy alone in patients with N2 or N3 disease (DeCIDE [Docetaxel-
Based Chemotherapy Plus or Minus IC to Decrease Events in Head
and Neck Cancer]). The concurrent CRT regimen was adapted from
prior approaches,7-9 whereas IC consisted of a TPF regimen adapted
from a prior study.4

PATIENTS AND METHODS

Eligibility

Eligible patients were age � 18 years with a confirmed diagnosis of N2 or
N3 (American Joint Committee on Cancer, sixth edition) SCCHN, perfor-
mance status � 70%, and normal organ and marrow function (hemoglobin
� 8.0 g/dL, absolute neutrophil count � 1,500/�L, platelet count � 100,000/
�L, and total bilirubin within normal institutional limits). Metastatic disease,
existing symptomatic peripheral neuropathy, or prior therapy excluded par-
ticipation. Prior organ-sparing surgical procedures were allowed. The institu-
tional review board at each site approved the study, and all patients were
required to provide informed consent. A data and safety monitoring board
consisting of a medical oncologist, radiation oncologist, and statistician re-
viewed the data independently.

Treatment

Before starting therapy, patients were required to undergo endos-
copy, radiographic studies (ie, computed tomography or magnetic reso-
nance imaging of head and neck, computed tomography of chest, and bone
scan [if indicated] within 4 weeks of starting therapy), complete blood
count, and complete metabolic profile. Patients were randomly assigned
using the permuted-block method, stratified by clinical site, in a non-
blinded manner to receive IC followed by CRT (IC � CRT arm) or CRT
(CRT arm). IC consisted of two cycles of TPF as previously described4 and
was not allowed to exceed 8 weeks in duration. WBC growth factor support
was administered with each cycle of IC. CRT was administered as previ-
ously described,7 consisting of docetaxel, fluorouracil, and hydroxyurea
(DFHX) with concurrent, twice-daily RT (three-dimensional conformal
RT or intensity-modulated radiation therapy [IMRT]; Appendix Fig
A1, online only). Total radiation dose guidelines included 74 to 75 Gy
to gross, 54 Gy to high-risk microscopic, and 39 Gy to low-risk microscopic
disease. The dose limit to the spinal cord was 40 Gy with three-dimensional
RT and 45 Gy with IMRT. Treatment-planning documentation and com-
pleted treatment records for US patients were submitted to the Quality
Assurance Review Center (Lincoln, RI) for evaluation of volumes and
delivered doses. Major deviations were defined as � 10% deviation in total
dose, fractionation not consistent with protocol requirements, or targeted
tumor as defined by the protocol not fully encompassed in the treatment
volume. Minor deviations included 6% to 10% deviation from the total
dose or dose uniformity across the target volume exceeding the proto-
col requirements.

End Points

OS was the primary end point, defined as the time from random assign-
ment to death resulting from any cause. Distant failure–free survival (time to
distant failure or death resulting from any cause) and recurrence-free survival
(time to locoregional or distant failure or death resulting from any cause) were
secondary end points. Response was assessed using RECIST. Toxicity was
graded using Common Toxicity Criteria for Adverse Events (version 3.0).
HPV status was determined in an unplanned retrospective analysis. p16 im-
munohistochemical staining was performed and interpreted as positive if
� 70% of tumor cells showed strong immunoreactivity.

Statistical Considerations

Survival rates were estimated by the Kaplan-Meier10 method and com-
pared between the two treatment groups using the log-rank test.11 All patients
randomly assigned in the study were included in the analysis, with the excep-

tion of six patients who withdrew consent before receiving treatment and one
patient who was found to have been ineligible (Fig 1). One site was also
excluded after it was determined that the radiation oncologist had elected not
to participate in the trial. Cox12 proportional hazards regression models were
fitted to assess and adjust for the effects of covariates. Multiple imputation was
applied to maintain efficiency in the presence of missing covariate data.13

Mean life restricted to 6 years was estimated by the area under the survival
curve up to 6 years.14 Competing risk analyses were also conducted.15,16

Response rates after CRT were compared between the two treatment arms
using a �2 test. Adverse event (AE) rates are summarized by type and grade and
compared between groups using �2 or Fisher’s exact test as appropriate.

The sample size for the trial was derived from previous single-arm clin-
ical trials of FHX without9,17-19 or with8,20,21 IC among patients with N2 or N3
disease. Assuming a true 3-year survival rate of 50% with CRT and 65% with
IC � CRT, corresponding to an HR of 0.625 (under exponential survival), a
sample size of 400 patients was determined to provide 88% statistical power.22

This assumed a 2.5-year recruitment period and subsequent 2.5-year
follow-up period, for total study duration of 5 years. On the basis of these
assumptions, 175 deaths were projected. An O’Brien-Fleming23 type of mon-
itoring bound was used as a guideline for early stopping. Four interim analyses
and one final analysis were preplanned for the primary end point after 35, 70,
105, 140, and 175 deaths had occurred, respectively. To preserve the overall
type I error rate at the nominal 5% level, the O’Brien-Fleming boundary
required z values of 4.55, 3.22, 2.63, and 2.28, respectively, for early stopping
and 2.04 for the final analysis. The trial was initiated in December 2004. By
September 2008, it had become apparent that accrual would remain slower
than anticipated. On the basis of the observed overall event rate at that time, the
accrual goal was amended to 280 patients, and duration of follow-up was
extended to July 2011, which would have provided 80% power to detect the
original HR of 0.625. However, by the end of the study, because of lower-than-
projected event rates and smaller sample size, the power to detect the original
HR of 0.625 was only 56%.

Randomly assigned
(N = 285)

Site withdrew
   IC

CRT           

 (n = 5)
 (n = 2)
 (n = 3)

IC + CRT
(n = 142)

Ineligible
(n = 1)

Withdrew consent
before treatment

(n = 3)

Included in
primary analyses

(n = 138)

Initiated induction             
   Died during treatment
   Completed induction

(n = 136)
(n = 4)

(n = 132)

Initiated CRT            
   Died during treatment
   Completed CRT

(n = 124)
(n = 2)

(n = 122)

Initiated CRT            
   Died during treatment
   Completed CRT

(n = 133)
(n = 3)

(n = 130)

CRT
(n = 138)

Withdrew consent
before treatment

(n = 3)

Included in
primary analyses

(n = 135)

Fig 1. CONSORT diagram. Five patients’ treatment deviated substantially from
protocol at a single center, and all patients enrolled at that center were excluded
from analysis. Six patients withdrew consent before receiving treatment, and
one patient was determined to have been ineligible because of lung metastasis.
CRT, chemoradiotherapy; IC, induction chemotherapy.
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RESULTS

Patient Characteristics

From December 2004 to May 2009, 285 patients were randomly
assigned (Fig 1) from 20 sites in five countries. The data cutoff was
December 2011. The primary analysis is based on 138 and 135 patients
randomly assigned to IC � CRT and CRT arms, respectively. Baseline
characteristics were well balanced between the two groups (Table 1).
Organ-preserving surgery was performed before therapy in 11 and six
patients in the IC � CRT and CRT arms, respectively.

Treatment Delivery

The majority of patients (79%) received all intended doses of IC
(Fig 2A). Delivery rates of CRT were also high in both arms (Fig 2B),
but the proportion of patients in the IC � CRT arm who received the
target dose was lower in each cycle. These differences were statistically
significant for hydroxyurea, docetaxel, and RT (P � .06 for all cycles)
but mostly resulted from the difference in the number of patients who
never started CRT between the two arms (Fig 1).

In both arms, � 90% of patients received IMRT. Median total
radiation dose to gross, high-risk microscopic, and low-risk micro-
scopic disease reached the intended targets in both arms without any
statistical differences. The proportion of patients receiving the target
RT dose was lower among patients in the IC � CRT arm in cycles one
to three (P � .037, .067, and .049, respectively). RT quality was re-
viewed for 211 (82%) of 257 patients who received at least one fraction
(19 patients had missing data or were unevaluable). Major deviations
occurred in six patients in each arm, and minor deviations occurred in

Table 1. Baseline Patient Demographic and Clinical Characteristics by
Treatment Group

Characteristic

IC � CRT Arm
(n � 138)

CRT Arm
(n � 135)

No. % No. %

Age, years
Mean 56.7 56.9
SD 7.9 8.0
Range 31-75 38-82

Sex
Male 113 81.9 118 87.4
Female 25 18.1 17 12.6

Race
African American 20 14.6 19 14.2
White 115 83.9 114 85.1
Other 2 1.5 1 0.8
Missing 1 1

Smoking history, pack-years
Nonsmoker 24 18.2 20 15.5
Pipe or cigar only 3 2.3 4 3.1
� 20 30 22.7 29 22.5
20-39 36 27.3 32 24.8
� 40 39 29.5 44 34.1
Missing 6 6

History of alcohol use
Nondrinker 18 14.0 12 9.3
Infrequent 9 7.0 16 12.4
Light 36 27.9 25 19.4
Moderate 38 29.5 48 37.2
Heavy 28 21.7 28 21.7
Missing 9 6

KPS
70-80 17 12.6 20 15.2
90 53 39.3 55 41.7
100 65 48.1 57 43.2
Missing 3 3

Country of enrollment
Croatia 5 3.6 4 3.0
France 4 2.9 3 2.2
Russia 8 5.8 5 3.7
Spain 1 0.7 0 0.0
United States 120 87.0 123 91.1

Histology
Squamous cell 131 100.0 130 100.0
Missing 7 5

Primary tumor site
Oral cavity 21 15.3 18 13.3
Oropharynx 84 61.3 75 55.6
Larynx 17 12.4 20 14.8
Other 4 2.9 7 5.2
Unknown 11 8.0 15 11.1
Missing 1 0

T stage
0 1 0.7 0 0.0
1 27 19.9 17 12.7
2 42 30.9 36 26.9
3 29 21.3 32 23.9
4 26 19.1 33 24.6
X 11 8.1 16 11.9
Missing 2 1

(continued in next column)

Table 1. Baseline Patient Demographic and Clinical Characteristics by
Treatment Group (continued)

Characteristic

IC � CRT Arm
(n � 138)

CRT Arm
(n � 135)

No. % No. %

N stage
2� 20 14.7 15 11.2
2a 12 8.8 10 7.5
2b 58 42.3 60 44.8
2c 32 23.5 34 25.4
3 15 11.0 15 11.2
Missing 1 1

AJCC stage
IVa 110 87.3 103 85.8
IVb 16 12.7 17 14.2
Missing 12 15

Comorbidity
Diabetes† 10 7.5 6 4.6
History of MI† 8 6.0 7 5.3
Chronic pulmonary

disease‡ 10 7.5 8 6.1
Liver disease† 3 2.2 4 3.0
Anemia (HgB � 12 mg/dL) 18 13.0 16 11.8

Abbreviations: AJCC, American Joint Committee on Cancer; CRT, chemora-
diotherapy; HgB, hemoglobin; IC, induction chemotherapy; KPS, Karnofsky
performance score; MI, myocardial infarction; SD, standard deviation.

�Substaging not provided.
†Four and three patient cases missing from IC � CRT and CRT groups, respectively.
‡Five and three patient cases missing from IC � CRT and CRT groups, respectively.
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nine and seven patients in the IC � CRT and CRT groups, respec-
tively. Approximately 20% of patients in each arm (19 and 24, respec-
tively) had spinal cord deviations without reported sequelae.

Toxicity

AEs during IC were consistent with TPF toxicity (Appendix
Table A1, online only), with myelosuppression being most com-

mon. Grade � 2 mucositis occurred in nearly one third of patients,
with fatigue, alopecia, dehydration, and nausea occurring in ap-
proximately one quarter. Four patients died during IC as a result of
treatment-related toxicity: three as a result of septic shock after
neutropenia and one as a result of atrial fibrillation with rapid
ventricular response. During CRT, the most common toxicities
were mucositis and dermatitis, with similar rates in both arms
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Fig 2. Treatment delivery. (A) Induction chemotherapy delivery; percentage of patients receiving target dose and � 90% of target dose during cycles one and two.
(B) Chemoradiotherapy delivery; percentage of patients in each treatment arm receiving target dose, � 110% of target dose, and � 90% of target dose during cycles
one to five. CRT, chemoradiotherapy; IC, induction chemotherapy.
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(Appendix Table A2, online only); however, the rates of alopecia,
neutropenia, leukopenia, anemia, and hypomagnesemia were sig-
nificantly greater in the IC � CRT arm. Five patients died during
CRT: two in the IC � CRT arm and three in the CRT group; one of
the two deaths in the IC � CRT arm was treatment related (neu-
tropenic sepsis), whereas none of the three deaths in the CRT arm
were deemed treatment related. Sixty-five patients (47%) in the
IC � CRT arm experienced a serious AE at some point in time,
compared with 38 (28%) in the CRT arm (P � .002); this was
mainly because of serious AEs occurring during induction and
longer treatment duration. Serious AE rates during the CRT phase
were similar in both arms (26% v 28%).

Efficacy

Of the 138 patients assigned to IC, 114 were assessable for
response (11 patients underwent resection before enrollment and
thus had nonmeasurable disease, and 13 had missing or inconsis-
tent data). Overall response rate to IC was 64% (10 complete
responses and 63 partial responses; 95% CI, 55% to 73%). Twenty-
six patients (23%) had stable disease, five patients (4.4%) had
progressive disease, six patients (5.3%) underwent resection, and
four patients (3.5%) died during IC. After CRT, rates of neck
dissection were similar in the two arms (31% v 35%; P � .59);
residual disease at the primary site was present in 10 (11%) of 89
patients in the induction arm compared with 18 (20%) of 91
patients in the CRT arm (P � .15). Overall response rates after
CRT were 79% in the IC � CRT arm versus 74% in the CRT arm
(P � .45; Appendix Table A3, online only). The percentage of
patients with clinical disease remaining in any lesion was similar
between the IC � CRT and CRT arms (37% v 47%, respectively;
P � .26).

At the close of the study, a total of 81 patients had died.
Twenty-nine patients—16 in the IC � CRT group and 13 in the
CRT arm—were last known alive before May 1, 2011, and declared
lost to follow-up. Mortality rates were similar in the two arms: 39
(28%) in the IC � CRT group and 42 (31%) in the CRT arm (P �
.69). A majority of deaths (47 of 81; 58%) were attributed to
SCCHN, whereas seven were attributed to pneumonia, one to
pulmonary embolism, five to drug toxicity, three to other cancers,
and eight to other causes; cause of death was unknown in 10
patients (Appendix Table A4, online only). Fewer distant recur-
rences occurred in the IC � CRT group, but the difference was not
statistically significant (19 v 29; P � .11). Kaplan-Meier curves for
OS, distant failure–free survival, and recurrence-free survival are
shown in Figures 3A to 3C, with log-rank P values of .68, .37, and
.16, respectively. Mean lifetime restricted to 6 years (� standard
error) was 4.59 � 0.19 in the IC � CRT group versus 4.51 � 0.20 in
the CRT arm (P � .76).

Cox regression analyses (both unadjusted and adjusted for
age, Karnofsky performance score, and stage) for OS, distant
failure–free survival, and recurrence-free survival were performed
comparing the two treatment arms. Results are listed in Appen-
dix Table A5 (online only). Of note, the unadjusted HR for
OS was 0.91, but the 95% CI was fairly broad, ranging from 0.59 to
1.41. Unadjusted HRs for distant failure–free and recurrence-free
survival were 0.83 (95% CI, 0.55 to 1.25) and 0.76 (95% CI, 0.51 to
1.12), respectively. Older age at diagnosis, lower Karnofsky perfor-
mance score, and higher stage were associated with worse out-

comes. For example, the hazard rate for mortality increased 1.7-
fold per 10-year increase in age (P � .001); it was 2.8-fold higher
for Karnofsky score � 90 versus � 90 (P � .001) and 2.2-fold
higher in patients with stage IVb versus IVa disease (P � .004).
Additional analyses indicated that there were no statistically signif-
icant interactions between these factors and treatment arm.

Two sets of competing risk analyses were performed. The first
set analyzed deaths resulting from SCCHN, with deaths resulting
from all other causes as a competing risk. The IC � CRT arm had
a trend for a lower cumulative incidence of SCCHN-related deaths,
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but this was offset by a higher incidence of death resulting from
other causes; in neither case was the difference statistically signifi-
cant (Figs 4A and 4B). The second set partitioned recurrence-free
survival into three components: locoregional recurrence as first
event, distant recurrence as first event, and death absent any prior
recurrence as first event (Figs 4C to 4E). The cumulative incidence
of locoregional recurrence was not significantly different between
the two treatment arms. However, there was a statistically signifi-
cant difference in favor of IC � CRT in the cumulative incidence of

distant recurrence without prior locoregional recurrence (P
� .043).

Subset analysis was performed to determine if there were
specific patient cohorts benefitting from IC (Figs 5A to 5E). HPV
status for oropharynx cancers was available for 49 patients (31%;
28 in IC � CRT arm and 21 in CRT arm), and a majority were HPV
positive (89% in IC � CRT arm and 81% in CRT arm). OS was not
significantly different between treatment groups in HPV-positive
patients (P � .37). There were no significant differences in OS
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between the two treatment arms in patients whose disease was
located in the oropharynx (P � .51) or nonoropharynx (P � .77),
nor among patients with stage N2a or N2b disease (P � .52). In
patients with N2c or N3 disease, there was no statistically signifi-
cant difference in survival (P � .19), but the power to demonstrate
a difference in this subgroup was low. Subset analysis by T stage did
not reveal significant differences (Appendix Figs A2A and A2B,
online only).

Landmark analyses were performed to compare survival out-
comes in responders to IC versus nonresponders, conditional on
survival to the end of induction. There was no statistically signifi-

cant difference in survival in patients who responded to IC com-
pared with nonresponders (P � .23; Fig 6).

DISCUSSION

This study examined the effect of adding IC to an effective CRT
regimen in a subset of patients with locoregionally advanced
SCCHN. We hypothesized that patients with N2 or N3 disease, at
highest risk for distant metastasis,24 would benefit from IC, be-
cause response rates have been historically high in this disease, with
an expected improvement in distant failure rates. From a clinical
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Fig 5. Subset analysis of overall survival for patients with (A) human papillomavirus, (B) oropharyngeal disease, (C) nonoropharyngeal disease, (D) N2a or N2b disease,
and (E) N2c or N3 disease. CRT, chemoradiotherapy; IC, induction chemotherapy.
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perspective, the design sought to achieve a difference that would be
viewed as meaningful, although a 15% absolute difference between
the two arms was ambitious. These results are similar to those of a
contemporaneously conducted randomized trial assessing the ben-
efit of IC in patients with locally advanced SCCHN.25 The
PARADIGM study administered three cycles of TPF before con-
current CRT and did not find a statistically significant survival
difference between the two arms, although it was terminated early
because of poor accrual.

Realizing that an improvement in survival required shifting
the natural history of locally advanced SCCHN, locoregional con-
trol in both arms became paramount to reduce mortality resulting
from locoregional failure. Excellent locoregional control (87% to
90%) was achieved with DFHX in both arms, confirming that this
is an effective regimen. The other critical assumption was that the
3-year survival rate in the control arm would be 50%, derived from
historical data of patients with N2 or N3 disease.24 However, in a
recent analysis, T4 and N3 HPV-related oropharynx cancers car-
ried the highest risk of distant failure (24%),19 and therefore,
including patients with lower T and N stage disease in this study
may have diluted the benefit of IC. Moreover, the study was under-
powered to demonstrate a statistically significant difference in
survival, given the smaller sample size (280 rather than 400 pa-
tients) and lower mortality rates observed. This was offset to some
extent by the longer follow-up period, but with one half of the
number of deaths originally projected, the power to detect the
originally specified HR of 0.625 was only 56%. A nominally statis-
tically significant difference in favor of IC in the cumulative inci-
dence of distant recurrence without prior locoregional recurrence
was found (P � .043); however, given the multiplicity of analyses
conducted, this finding should be interpreted guardedly because of
the potential for inflating type I error.

Toxicity, as measured by total serious AEs, was greater in the
IC arm. Some prior studies have administered three to four cycles
of IC in the hope of maximizing response rates. Our study admin-
istered two cycles of TPF, with dosing similar to that in the TAX323

study.4 Given the toxicity observed, especially that related to my-
elosuppression, the increase in early noncancer deaths in the IC
arm, and the fact that three cycles of TPF were administered in the
PARADIGM study without demonstration of a survival benefit, it
is likely that additional cycles would negatively affect treatment
delivery without providing benefit.

On the basis of the statistically nonsignificant findings of this
trial, induction chemotherapy before concomitant CRT cannot be
routinely recommended for patients with locally advanced
SCCHN. Nonetheless, there may be specific subgroups where fur-
ther investigation seems indicated. For instance, it would be inter-
esting to test induction chemotherapy in patients with N2c or N3
disease. Moreover, and consistent with prior research, response to
induction chemotherapy may serve as a prognostic tool with po-
tential to alter subsequent therapy based on response. This concept
is currently being tested in clinical trials (eg, NCT01084083
and NCT01133678).
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GLOSSARY TERMS

neoadjuvant therapy: the administration of chemotherapy
prior to surgery. Induction chemotherapy is generally designed to
decrease the size of the tumor prior to resection and to increase
the rate of complete (R0) resections.

overall survival: the duration between random assignment
and death.
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Appendix

Table A1. Toxicity During Induction Phase (IC � CRT arm; n � 136)�

AE

Grade 1 Grade 2 Grade � 3

No. % No. % No. %

Fatigue 63 46 28 21 10 7.4
Hair loss 29 21 25 18
Anorexia 30 22 19 14 10 7.4
Dehydration 6 4.4 28 21 6 4.4
Diarrhea 28 21 17 12 7 5.1
Dysphagia 17 12 7 5.1 4 2.9
Mucositis

Clinical 29 21 28 21 12 8.8
Functional 31 23 22 16 9 6.6

Nausea 48 35 32 24 5 3.7
Vomiting 23 17 15 11 3 2.2
Neutropenia 3 2.2 0 0.0 15 11
Infection 7 5.1 8 5.9 4 2.9
Tumor pain 24 18 11 8.0 4 2.9
Pain NOS 21 15 7 5.1 2 1.5
ANC 6 4.4 20 15 49 36
HgB 80 59 35 26 1 0.7
Platelets 34 25 6 4.4 4 2.9
Hyperglycemia 63 46 30 22 10 7.4
WBC 18 13 40 29 38 28
Creatinine 20 15 9 6.7 1 0.7
Hypokalaemia 14 10 1 0.7 7 5.1
Hypocalcaemia 10 7.4 5 3.7 2 1.5
Hyponatraemia 8 5.9 0 0.0 7 5.1

Abbreviations: AE, adverse event; ANC, absolute neutrophil count; CRT, chemoradiotherapy; HgB, hemoglobin; IC, induction chemotherapy; NOS, not
otherwise specified.

�Excludes two patients who never started induction therapy.
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Table A2. Toxicity During CRT Phase Occurring in � 5% of Patients in Either Treatment Arm

AE

IC � CRT Arm (n � 124)� CRT Arm (n � 133)†

P

Grade 1 Grade 2 Grade � 3 Grade 1 Grade 2 Grade � 3

No. % No. % No. % No. % No. % No. %

Fatigue 63 51 32 26 6 4.8 59 44 33 25 4 3.0 .32
Fever 17 14 5 4.0 4 3.2 23 17 6 4.5 1 0.8 .46
Hair loss 18 15 32 26 27 20 8 6.0 � .001
Dermatitis 35 28 46 37 22 18 29 22 52 39 32 24 .48
Hand foot 7 5.6 5 4.0 2 1.6 8 6.0 5 3.8 1 0.8 .93
Anorexia 31 25 21 17 14 11 39 29 20 15 18 14 .76
Constipation 33 27 7 5.6 0 0.0 37 28 18 14 2 1.5 .067
Dehydration 8 6.5 22 18 12 9.7 9 6.8 19 14 9 6.8 .68
Diarrhea 21 17 3 2.4 0 0.0 19 14 8 6.0 4 3.0 .11
Dysphagia 13 10 29 23 15 12 10 7.5 32 24 20 15 .79
Mucositis

Clinical 7 5.6 34 27 63 51 9 6.8 46 35 63 47 .48
Functional 10 8.1 35 28 58 47 5 3.8 43 32 56 42 .32

Nausea 34 27 17 14 7 5.6 54 41 13 9.8 6 4.5 .16
Vomiting 23 19 8 6.5 4 3.2 29 22 9 6.8 3 2.3 .89
Neutropenia 0 0.0 3 2.4 4 3.2 0 0.0 0 0.0 2 1.5 .13
Infection 4 3.2 16 13 14 11 3 2.3 12 9.0 19 14 .66
Tumor pain 8 6.5 20 16 6 4.8 20 15 18 14 8 6.0 .15
Pain NOS 16 13 24 19 13 10 25 19 31 23 8 6.0 .29
ANC 8 6.5 20 16 17 14 11 8.3 21 16 5 3.8 .039
HgB 53 43 61 49 8 6.5 72 54 49 37 4 3.0 .032
Platelets 27 22 4 3.2 4 3.2 29 22 3 2.3 2 1.5 .78
Hyperglycemia 60 48 34 27 10 8.1 71 53 36 27 7 5.3 .75
Hypoglycemia 8 6.5 6 4.8 2 1.6 10 7.5 2 1.5 1 0.8 .41
WBC 17 14 38 31 32 26 27 20 48 36 15 11 .021
AST 26 21 5 4.0 2 1.6 33 25 8 6.0 4 3.0 .59
ALT 33 27 2 1.6 3 2.4 44 33 9 6.8 6 4.5 .055
Weight loss 11 8.6 18 14 2 1.6 6 4.5 17 13 5 3.8 .41
Dry mouth 11 8.6 10 7.8 1 0.8 16 12 10 7.5 0 0.0 .67
Hypoalbuminemia 8 6.2 13 10 1 0.8 4 3.0 7 5.3 2 1.5 .22
Hypomagnesemia 12 9.4 6 4.7 1 0.8 9 6.8 0 0.0 0 0.0 .018
Hypocalcemia 4 3.1 11 8.6 1 0.8 9 6.8 7 5.3 1 0.8 .39
Oral pain 0 0.0 6 4.7 7 5.5 0 0.0 8 6.0 3 2.3 .35
Stomatitis 3 2.3 4 3.1 5 3.9 3 2.3 1 0.8 2 1.5 .35
Lymphopenia 0 0.0 0 0.0 7 5.5 1 0.8 2 1.5 6 4.5 .60
Dysgeusia 8 6.2 4 3.1 0 0.0 5 3.8 8 6.0 0 0.0 .39

Abbreviations: AE, adverse event; ANC, absolute neutrophil count; CRT, chemoradiotherapy; HgB, hemoglobin; IC, induction chemotherapy; NOS, not
otherwise specified.

�Excludes two patients who never started induction or CRT therapy, four patients who died during induction therapy, and eight patients who never started CRT.
†Excludes two patients who never started CRT.

Table A3. Post-CRT Response Rates by Treatment Group

Response

IC � CRT Arm (n � 138) CRT Arm (n � 135)

No. % No. %

CR 30 26 26 21
PR 62 53 64 52
SD 5 4.3 10 8.2
PD 5 4.3 8 6.6
Resected 6 5.1 10 8.2
Died 9 7.7 4 3.3
Nonmeasurable 11 6
Missing/inconsistent 10 7

Abbreviations: CR, complete response; CRT, chemoradiotherapy; IC, induction chemotherapy; PD, progressive disease; PR, partial response; SD, stable disease.
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Table A4. Mortality and Recurrence Rates by Treatment Group

Mortality or Recurrence

IC � CRT Arm (n � 138) CRT Arm (n � 135)

PNo. % No. %

Total mortality 39 28 42 31 .69
Head and neck cancer 19 14 28 21 .15
Pneumonia 1 0.7 6 4.4 .064
Pulmonary embolism 1 0.7 0 0.0 1.00
Drug toxicity 5 3.6 0 0.0 .060
Other cancer 2 1.4 1 0.7 1.00
Other 6 4.3 2 1.5 .28
Unknown 5 3.6 5 3.7 1.00
Locoregional recurrence 14 10 17 13 .57
Distant recurrence 19 14 29 21 .11
Distant failure or death 43 31 50 37 .31
Any recurrence or death 45 33 56 41 .14

Abbreviations: CRT, chemoradiotherapy; IC, induction chemotherapy.

Table A5. Cox Regression Analyses

Covariate Estimate SE HR 95% CI P

OS
M1 treatment� �0.0917 0.2224 0.91 0.59 to 1.41 .68
M2 treatment� �0.0797 0.2236 0.92 0.60 to 1.43 .72
Age† 0.5415 0.1559 1.72 1.27 to 2.33 .001
KPS‡ 1.0136 0.2619 2.76 1.65 to 4.60 � .001
Stage§ 0.8050 0.2814 2.24 1.29 to 3.88 .004

DFFS
M1 treatment� �0.1879 0.2080 0.83 0.55 to 1.25 .37
M2 treatment� �0.1447 0.2094 0.86 0.57 to 1.30 .49
Age† 0.4741 0.1441 1.61 1.21 to 2.13 .001
KPS‡ 0.9493 0.2506 2.58 1.58 to 4.22 � .001
Stage§ 0.6505 0.2689 1.92 1.13 to 3.25 .016

RFS
M1 treatment� �0.2781 0.2002 0.76 0.51 to 1.12 .16
M2 treatment� �0.2463 0.2018 0.78 0.53 to 1.16 .22
Age† 0.4738 0.1387 1.61 1.22 to 2.11 .001
KPS‡ 0.8127 0.2463 2.25 1.39 to 3.65 .001
Stage§ 0.6165 0.2612 1.85 1.11 to 3.09 .018

NOTE. M1: unadjusted. M2: adjusted for age, KPS, and stage.
Abbreviations: DFFS, distant failure–free survival; HR, hazard ratio; KPS, Karnofsky performance score; M1, model one; M2, model two; OS, overall survival; RFS,

recurrence-free survival.
�IC � CRT versus CRT.
†Per decade.
‡� 90 versus � 90.
§Stage IVb versus IVa.
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Fig A1. Study schema. Patients randomly assigned to induction chemotherapy received docetaxel 75 mg/m2 (D), cisplatin 75 mg/m2 (P), and fluorouracil 750 mg/m2
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Fig A2. Overall survival analysis by T stage. Patients with (A) TX/0/1/2 tumors and (B) T3/4 tumors. CRT, chemoradiotherapy; IC, induction chemotherapy.
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