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Abstract: The use of induction chemotherapy (CT) is controversial.

We compared the survival of head and neck cancer patients receiving

docetaxel- or platinum-based induction CT before concomitant che-

moradiotherapy (CCRT) with the survival of those receiving upfront

CCRT alone.

Data from the National Health Insurance and cancer registry databases

in Taiwan were linked and analyzed. We enrolled patients who had head

and neck cancer betweenJanuary 1, 2002and December 31, 2011. Follow-

up was from the index date to December 31, 2013. We included head and

neck patients diagnosed according to the International Classification of

Diseases, Ninth Revision, Clinical Modification codes 140.0–148.9 who

were aged >20 years, at American Joint Committee on Cancer clinical

cancer stage III or IV, and receiving induction CT or platinum-based

CCRT. The exclusion criteria were a cancer history before head and neck

cancer diagnosis, distant metastasis, AJCC clinical cancer stage I or II,

receipt of platinum and docetaxel before radiotherapy, an age<20 years,

missing sex data, docetaxel use during or after RT, induction CT for >8

weeks before RT, induction CT alone before RT, cetuximab use, adjuvant

CT within 90 days after RT completion, an RT dose<7000 cGy, curative

head and neck cancer surgery before RT, nasopharyngeal cancer, in situ
Jyh-Ming Chow, M ing, MD,
zu-Yuan Wu, MD, PhD, MPH

CCRT (arm 1), docetaxel-based induction CT (arm 2), and platinum-

based CCRT (arm 3; control arm) groups comprised 7968, 503, and 2232

patients, respectively. Arm 3 was used to investigate mortality risk after

induction CT. After adjustment for age, sex, clinical stage, and comor-

bidities, the adjusted hazard ratios (aHRs) (95% confidence interval [CI])

for overall death were 1.37 (1.22–1.53) and 1.44 (1.36–1.52) in arms 2

and 3, respectively. In a disease-specific survival rate analysis, aHRs

(95% CI) of head and neck cancer-related death were 1.29 (1.14–1.46)

and 1.47 (1.38–1.56) in arms 2 and 3, respectively.

Compared with CCRT alone, docetaxal- or platinum-based induction

CT did not improve survival but increased the risk of all-cause and head

and neck cancer-related death.

(Medicine 95(7):e2845)

Abbreviations: AJCC = American Joint Committee on Cancer,

CCHIA = Collaboration Center of Health Information Application,

CCI = Charlson comorbidity index, CCRT = concurrent

chemoradiotherapy, CI = confidence interval, CT = chemotherapy,

HR = hazard ratio, ICD = International Classification of Diseases,

ITT = intention-to-treat, NHI = National Health Insurance, RT =

radiotherapy.

INTRODUCTION

H ead and neck cancers are the 6th most common cancer
worldwide, with approximately 650,000 cases of and

200,000 deaths associated with head and neck cancers occurring
annually. In the United States, approximately 54,000 new head
and neck cancer cases are diagnosed annually.1 In certain parts
of Asia (eg, Taiwan), head and neck cancers are the 4th leading
cause of cancer death and the 6th most common cancer.2

Unresectable locoregional disease (stages III–IV) is amenable
to multimodality therapy – typically a combination of
chemotherapy (CT) and radiation therapy (RT). However,
the 5-year survival rate after multimodality therapy remains
poor (<50%);3 therefore, effective treatments are required.

The use of induction CT is controversial. In a large-scale
meta-analysis, concomitant chemoradiotherapy (CCRT) was
established as the standard treatment for locally advanced
head and neck squamous cell carcinoma.4 However, less than
50% of the study patients survived after 3 years of treatment;
therefore, alternative treatment strategies are being explored.
In addition, a 5-year survival advantage was observed when
patients underwent platinum- and 5-fluorouracil (5-FU)-
based induction CT (hazard ratio [HR] 0.9, 95% confidence
.99).4 Although this advantage was
t to warrant further research on induc-
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In 2007, docetaxel emerged as a novel active compound in
2 large-scale randomized trials – TAX 323 and TAX 324 – in
which the docetaxel-based induction regimens were more
effective than platinum-based induction regimens were. In both
trials, only patients responding well to treatment were selected
and subjected to heavy 6-month sequential induction CT fol-
lowed by CCRT.5,6 Nevertheless, the 3-year overall survival
rate was 37% to 62% and 26% to 48% in the docetaxel and
platinum groups, respectively. Thus, the use of induction regi-
mens had no substantial survival benefits compared with CCRT
treatment alone.

Similarly, 2 other phase III trials, the PARADIGM trial by
the Dana-Farber Cancer Institute and the DECIDE trial by the
University of Chicago7,8 compared the clinical outcomes of
patients receiving docetaxel-based induction CT before CCRT
with those of patients receiving upfront CCRT alone. Although
both trials were closed to accrual, neither fulfilled the intended
accrual targets; the final data from these trials are not yet
available. In the present study, we studied the treatment outcomes
through a national cohort study and determined whether induc-
tion therapy plus full-dose CCRT can improve survival. Further-
more, we compared the survival rates in patients receiving
docetaxel- or platinum-based induction CT before CCRT with
those of patients receiving upfront CCRT alone.

PATIENTS AND METHODS
Data from the Taiwan National Health Insurance (NHI)

and cancer registry databases were linked for the analysis, and 2
cohorts were formed. These 2 databases cover approximately
99% of the population of Taiwan. Patients diagnosed with head
and neck cancer from January 1, 2002 to December 31, 2011
were enrolled. The follow-up duration was considered from the
index date to December 31, 2013. The Taiwan NHI Bureau
releases research-oriented datasets through the Collaboration
Center of Health Information Application (CCHIA); these
datasets include all the original claims data and registration
files of beneficiaries enrolled in the CCHIA. Taiwan launched
the CCHIA program in 1995, and as of 2015, it covered 99% of
the population of Taiwan. Thus, the CCHIA enables researchers
to trace all uses of medical services for all head and neck cancer
patients in Taiwan. Abundant cancer-related information,
including clinical stages, treatment modalities, pathological
data, CT regimens, and CCRT or sequential CRT and RT doses,
is available in the cancer registry database. Before accessing the
datasets, researchers must sign an agreement contract for pro-
tecting patient information. Researchers can access the CCHIA
database to analyze specific topics only. Patient identification
numbers in the data sets are encrypted, completely preventing
patient identification. In this study, the diagnoses of the enrolled
patients were confirmed according to their pathological data,
and new head and neck cancer patients had no other cancer or
distant metastasis. The inclusion criteria were as head and neck
cancer (identified according to the International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM]codes 140.0–148.9), an age >20 years, American Joint
Committee on Cancer (AJCC) clinical cancer stage III or IV
(locally advanced head and neck cancers without metastasis),
and receipt of induction CT or platinum-based CCRT. The index
date was the date of the first head and neck cancer diagnosis.
The exclusion criteria were a history of cancer before diagnosis
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of head and neck cancer, distant metastasis, AJCC clinical
cancer stage I or II, missing sex data, an age <20 years,
platinum- and docetaxel-based therapy before RT, docetaxel
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use during or after RT, induction CT for >8 weeks before RT,
only 1 course of induction CT before RT, cetuximab use,
adjuvant CT within 90 days after RT completion, an RT dose
<7000 cGy, curative head and neck cancer surgery before RT,
nasopharyngeal cancer, in situ carcinoma, sarcoma, and head
and neck cancer recurrence. In total, 30,990 head and neck
cancer patients were included. We categorized the treatment
modalities into arms to compare their outcomes: arm 1 denoted
CCRT, arm 2 denoted docetaxel-based induction CT and com-
prised 3 subgroups – induction CT followed by CCRT (doc-
etaxelþCCRT, arm 2–1), induction CT followed by RT alone
(docetaxelþRT, arm 2–2), and induction CT alone (docetaxel
alone, arm 2–3), and arm 3 denoted platinum-based induction
CT and comprised 3 subgroups – induction CT followed by
CCRT (platinumþCCRT, arm 3–1), induction CT followed by
RT alone (platinumþRT, arm 3–2), and induction CT alone
(platinum alone, arm 3–3). The endpoint was the death rate
among the treatment modalities, and the CCRT group func-
tioned as the control arm.

Potential confounding comorbidities were identified
according to the scores of the Charlson comorbidity index
(CCI), a scoring system for common comorbidities weighted
according to the mortality risk.9 Only comorbidities observed 6
months before and after the index date were included, according
to the main ICD-9-CM diagnosis codes for the 1st admission or
more than 2 repeated main diagnosis codes for outpatient treat-
ment. Age, sex, CCI score, and AJCC clinical cancer stage were
controlled or used for stratification during statistical analyses.

The cumulative incidence of death was estimated using the
Kaplan–Meier method, and the differences among the treat-
ment modalities were compared using the log-rank test. After
adjustment for confounders, the Cox proportional method was
used for modeling the time from the index date to all-cause as
well as head and neck cancer-related death among patients who
received the treatments. In the multivariate analysis, HRs were
adjusted for age, sex, CCI score, and clinical stage. A stratified
analysis was performed to evaluate mortality risk among the
treatment modalities for oral cavity (highly prevalent in Asia)
and nonoral cavity cancers. All statistical analyses were per-
formed using SAS Version 9.3 (SAS, Cary, NC); a 2-tailed P
value <0.05 was considered statistically significant.

We focused on the effect of docetaxel- and platinum-based
induction CTs on head and neck cancer patients. The HRs of these
2 induction CTs were used to determine their effectiveness. After
adjustment for covariates, individual HRs were 1.32 and 1.42
(Supplemental Table 1, http://links.lww.com/MD/A693). The
type I error rate was 0.05, and the related parameters are presented
in Supplemental Table 1, http://links.lww.com/MD/A693. The
power of the calculations was>0.99. We referred to Sample Size
Calculations in Clinical Research for calculations.10

RESULTS
We enrolled 10,721 stage III or IV head and neck cancer

patients without distant metastasis, and the median follow-up
duration was 4.18 years (interquartile range, 3.25 years). The
CCRT (arm 1), docetaxel-based induction CT (arm 2), and
platinum-based induction CT (arm 3) groups comprised 7968,
503, and 2232 patients, respectively (Table 1). The aforemen-
tioned variables were similar in all arms, with the highest CCI
score and proportion of nonoral cavity cancers in arms 1 and 2,
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respectively. The endpoints were predominantly high for all-
cause mortality and head and neck cancer-related mortality per
100 person-years in the non-CCRT groups. Incidences of head
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TABLE 1. Baseline Data

Therapy Group
Variable

CCRT (N¼ 7986)
n, %

Docetaxel Induction (N¼ 503)
n, %

Platinum Induction
(N¼ 2232) % P Value

Gender 0.568
Male 7572 (94.82) 481 (95.63) 2109 (94.49)
Female 414 (5.18) 22 (4.37) 123 (5.51)

Age, mean (SD) 51.66 (9.98) 51.85 (9.32) 52.15 (10.18) 0.126
Age groups, years 0.531

20–40 864 (10.82) 44 (8.75) 224 (10.04)
40–60 5583 (69.91) 362 (71.97) 1567 (70.21)
>60 1539 (19.27) 97 (19.28) 441 (19.76)

CCI 0.001
0 1968 (24.64) 118 (23.46) 590 (26.43)
1 or 2 1366 (17.10) 93 (18.49) 432 (19.35)
3 or 4 300 (3.76) 31 (6.16) 82 (3.67)
5 or 6 5353 (29.46) 128 (25.45) 575 (25.76)
�7 1999 (25.03) 133 (26.44) 533 (24.78)

Cancer site <0.001
Oral cavity 5188 (64.96) 266 (52.88) 1415 (63.40)
Oropharynx 1096 (13.72) 89 (17.69) 327 (14.65)
Hypopharynx 1653 (20.70) 145 (28.83) 483 (21.64)
Salivary glands 49 (0.61) 3 (0.60) 7 (0.31)

atio
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and neck death per 100 person-years were 16.03, 27.77, and
23.98 in arms 1, 2, and 3, respectively. Furthermore, overall
mortality rates per person-year were 18.89, 33.43, and 27.54 in
arms 1, 2, and 3, respectively.

The CCRT arm (arm 3) functioned as the control arm for
investigating the mortality risk after induction CT. An inten-
tion-to-treat (ITT) analysis of study results is based on the
initial, but not the subsequent, treatments. Here, we reasonably

CCI¼Charlson comorbidity index, CCRT¼ concomitant chemoradi
assumed that all head and neck cancer patients without distant
metastasis status should receive RT within 4 to 8 weeks of
completing CT. If the head and neck cancer patients without

TABLE 2. Observed Endpoints and Results of the Cox Regression

Overall Dea

Therapy Group N
No. of

Deaths, %
Mortalityy

1. CCRT 7986 4640 (58.1) 18.89 1
2. Docetaxel induction 503 319 (63.42) 33.43 1.

2–1: DocetaxelþCCRT 388 239 (61.60) 1.
2–2: DocetaxelþRT 65 43 (66.15) 1.
2–3: Docetaxel induction alone 50 37 (74.00) 2.

3. Platinum induction 2232 1584 (70.97) 27.54 1.
3–1: PlatinumþCCRT 1317 914 (69.4) 1.
3–2: PlatinumþRT 426 302 (70.89) 1.
3–3: Platinum induction alone 489 368 (75.26) 1.

CCRT¼ concomitant chemoradiotherapy, CI¼ confidence interval, HR¼�
P value for HR< 0.05,

��
P value for HR< 0.01,

���
P value for HR<

yMortality per 100 person-years.
zHRs were adjusted by gender, age groups, clinical stage, and CCI grou

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
distant metastasis received only induction CT, they may have
dropped out after receiving CT. The ITT approach enables
unbiased comparisons among treatment groups and is used to
eliminate the effects of crossing over and dropping out, which
may alter the effects of initially administered treatment. This
approach also provides information on the potential effects of
the treatment approach, rather than those of specific treatments.
With this rationale, we included induction CT alone in our

n therapy, SD¼ standard deviation.
analysis. The dropout rates in the docetaxel- and platinum-
based induction CT groups were 9.94% and 21.90%, respect-
ively (Table 2). After adjustment for age, sex, clinical stage, and

ths Head and Neck Cancer Deaths

Adjusted HRz

(95% CI)
No. of

Deaths, % Mortalityy
Adjusted HRz

(95% CI)

.00 3938 (49.31) 16.03 1.00
37 (1.22–1.53)

���
265 (52.68) 27.77 1.29 (1.14–1.46)

���

30 (1.14–1.48)
���

210 (54.12) 1.30 (1.13–1.49)
���

35 (1.00–1.82) 33 (50.77) 1.18 (0.84–1.67)
11 (1.53–2.91)

���
22 (44.00) 1.45 (0.95–2.20)

44 (1.36–1.52)
���

1379 (61.78) 23.98 1.47 (1.38–1.56)
���

32 (1.23–1.42)
���

800 (60.74) 1.36 (1.26–1.46)
���

38 (1.23–1.55)
���

266 (62.44) 1.43 (1.26–1.46)
���

90 (1.71–2.11)
���

313 (64.01) 1.92 (1.71–2.16)
���

hazard ratio, RT¼ radiotherapy.
0.001

ps.
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comorbidities, the adjusted HRs (aHRs) (95% CI) for overall
death were 1.37 (1.22–1.53) and 1.44 (1.36–1.52) in arms 2 and
3, respectively. The aHRs (95% CI) for overall death were
1.30 (1.14–1.48), 1.35 (1.00–1.82), and 2.11 (1.53–2.91) in
arms 2–1, 2–2, and 2–3, respectively. The aHRs (95% CI) for
overall death were 1.32 (1.23–1.42), 1.38 (1.23–1.55), and 1.90
(1.71–2.11) in arms 3–1, 3–2, and 3–3, respectively.
Figure 1A shows the overall survival curve for the three
treatment arms. The highest overall survival rate was observed
in the CCRT group (log-rank test, P< 0.0001) and appeared
unrelated to the initiation of different treatments. Table 3 lists
the results of the stratified analyses of all-cause mortality risk in

Chen et al
oral cavity and nonoral cavity cancers. The aHRs for all-cause
mortality at the 2 anatomical sites were similar. Patients who
received docetaxel- and platinum-based induction CT had poor

FIGURE 1. Observed endpoints. (A) All-cause and (B) head and neck

4 | www.md-journal.com
overall survival compared with those who received CCRT. The
overall survival for nonoral cavity cancers between the doc-
etaxelþCCRT and CCRT groups was not significant. The
mortality risk for nonoral cavity cancers was higher in patients
who received induction CT compared with those who received
CCRT, and the aHRs (95% CI) for all-cause death were
3.87 (2.24–6.69) and 4.22 (3.39–5.25) in arms 2–3 and
3–3, respectively.

After adjustment for age, sex, clinical stage, and comorbid-
ities, the aHRs (95% CI) for head and neck cancer-related death
were 1.29 (1.14–1.46) and 1.47 (1.38–1.56) in arms 2 and 3,
respectively (Table 3). Furthermore, the aHRs (95% CI) for head

Medicine � Volume 95, Number 7, February 2016
and neck cancer-related death were 1.30 (1.13–1.49), 1.18 (0.84–
1.67), and 1.45 (0.95–2.20) in arms 2–1, 2–2, and 2–3, respect-
ively. The aHRs (95% CI) for head and neck cancer-related death

cancer-related death.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Observed Endpoints and Results of the Cox Regression Stratified by Cancer Site

Overall Deaths Head and Neck Cancer Deaths

Therapy Group N
No. of

Deaths, % Mortalityy
Adjusted HRz

(95% CI)
No. of

Deaths, % Mortalityy
Adjusted HRz

(95% CI)

Oral cavity
1. CCRT 5188 2987 (57.80) 18.43 1.00 2617 (50.44) 16.15 1.00
2. Docetaxel induction 266 175 (65.79) 32.84 1.45 (1.24–1.69)

���
141 (53.01) 26.46 1.30 (1.10–1.54)

��

2–1: DocetaxelþCCRT 1.47 (1.23–1.74)
���

1.42 (1.18–1.71)
���

2–2: DocetaxelþRT 1.14 (0.72–1.82) 0.79 (0.43–1.43)
2–3: Docetaxel induction alone 1.67 (1.12–2.50)

�
1.10 (0.65–1.86)

3. Platinum induction 1415 1014 (71.66) 28.26 1.50 (1.40–1.61)
���

901 (63.67) 25.11 1.52 (1.41–1.64)
���

3–1: PlatinumþCCRT 1.46 (1.33–1.60)
���

1.50 (1.36–1.65)
���

3–2: PlatinumþRT 1.43 (1.23–1.65)
���

1.43 (1.22–1.67)
���

3–3: Platinum induction alone 1.64 (1.45–1.85)
���

1.63 (1.42–1.86)
���

Nonoral cavity cancer sites
1. CCRT 2798 1653 (59.08) 19.75 1.00 1321 (47.21) 15.79 1.00
2. Docetaxel induction 237 144 (60.76) 34.18 1.30 (1.10–1.55)

��
124 (52.32) 29.43 1.34 (1.12–1.62)

��

2–1: DocetaxelþCCRT 1.16 (0.95–1.41) 1.23 (1.00–1.52)
2–2: DocetaxelþRT 1.61 (1.08–2.39)

�
1.68 (1.10–2.56)

�

2–3: Docetaxel induction alone 3.87 (2.24–6.69)
���

2.91 (1.45–5.83)
��

3. Platinum induction 817 570 (69.77) 26.36 1.33 (1.21–1.47)
���

478 (58.51) 22.10 1.40 (1.26–1.55)
���

3–1: PlatinumþCCRT 1.16 (1.04–1.30)
��

1.20 (1.06–1.36)
��

3–2: PlatinumþRT 1.29 (1.07–1.57)
��

1.43 (1.17–1.76)
���

3–3: Platinum induction alone 4.22 (3.39–5.25)
���

4.31 (3.38–5.50)
���

CCI¼Charlson comorbidity index, CCRT¼ concomitant chemoradiotherapy, CI¼ confidence interval, HR¼ hazard ratio, RT¼ radiotherapy.�
P< 0.05.��
P< 0.001.���
P< 0.0001.

y

grou
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were 1.36 (1.26–1.46), 1.43 (1.26–1.46), and 1.92 (1.71–2.16) in
arms 3–1, 3–2, and 3–3, respectively. Figure 1B shows the
disease-specific survival curve for the 3 treatment arms; the
highest disease-specific survival rate was observed in the CCRT
group (log-rank test, P< 0.0001). Table 3 lists the results of a
stratified analysis of head and neck cancer-related mortality risk
in oral and nonoral cavity cancers. The aHRs for overall death at
the 2 anatomical sites were similar. Patients who received
docetaxel- or platinum-based induction CT had poor disease-
specific survival compared with those who received CCRT. The
disease-specific survival in nonoral cavity cancers did not sig-
nificantly differ between the docetaxelþCCRT and CCRT
groups. The mortality risk in nonoral cavity cancers was high
in patients who received induction CT compared with those who

Mortality per 100 person-years.
zHRs were adjusted by gender, age groups, clinical stage, and CCI
received CCRT; the aHRs (95% CI) for head and neck cancer-

related death were 2.91 (1.45–5.83) and 4.31 (3.38–5.50) in arms
2–3 and 3–3, respectively.

DISCUSSION
CCRT is considered a curative treatment for locally

advanced head and neck cancers. In 4 randomized trials, RT
with concurrent CT was reported to be superior to RT alone;11–

13 furthermore, induction CT has been associated with survival
benefits, and it can be a valuable treatment option.14–16 The

RTOG 9111 study evaluated RT alone versus concurrent RT
and platinum CT versus induction CT (platinum and 5-FU)
followed by definitive local RT (control arm); the 2-year

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
laryngectomy-free survival rate was significantly higher for
concomitant platinum-based induction CT and RT (66% vs
59%) than for RT alone (53%). Toxicity – particularly nausea,
vomiting, and esophagitis – was the highest for concomitant
cisplatin and RT. The combination of platinum CT and RT
significantly improved laryngectomy-free survival (P¼ 0.01);
however, no significant difference was observed in the overall
survival.11 In the GORETC trial, the organ preservation rate
with docetaxel-based induction was higher than that with
platinum-based induction; however, the overall survival of
these treatment modalities did not differ significantly.3 In the
TAX 323 and 324 randomized trials, all patients received
platinum- or 5-FU-based induction CT, and half of the patients
also received docetaxel-based induction CT.5,6 Following
3 cycles of the induction CT, patients received RT with a
weekly carboplatin dose or RT alone, and those with persistent
disease underwent surgery as required. Although including
docetaxel improves the overall survival,5,6 whether induction
CT improves outcomes under full-dose chemoradiation remains
unknown. In the PARADIGM trial, the effect of docetaxel,
cisplatin, and 5-FU (TPF) followed by an adaptive strategy –
low-dose carboplatin and radiation – was examined in patients
responding well to treatments. Patients with poor responses and
those in the control arm received full-dose platinum CT with a
concomitant boost of radiation. The trial was slated to accrue

ps.
300 patients, but accrued only 150.7 The DECIDE trial com-
pared split-course radiation with 5-FU and hydroxyurea alone
and split-course radiation with 5-FU and hydroxyurea preceded

www.md-journal.com | 5



by 2 TPF cycles. Docetaxel was continued during the CCRT in
the experimental arm. This trial was originally slated to accrue
400 patients, but it ultimately accrued fewer than 300 patients.
Moreover, the time to accrual was prolonged; however, the
investigators believed that the extended time to accrual was
warranted because the trial was adequately designed to address
whether induction therapy improves outcomes.8 We believe that
the data from these studies did not demonstrate the advantage of
induction CT over current standard CCRT for head and neck
cancers. Our study compared the survival of patients receiving
docetaxel- or platinum-based induction CT administered before
CCRT with that of patients receiving upfront CCRT alone.

Patients receiving platinum-based induction CT exhibited
poor outcomes in all-cause and head and neck cancer-related
death compared with those who received CCRT. These out-
comes were consistent with those of a meta-analysis of CT in
head and neck cancers.17 The meta-analysis was published
almost a decade ago and included 63 randomized trials con-
ducted over a 30-year period; it reviewed more than 10,000
patients, with a median follow-up of 6 years. The introduction
of platinum-based CT to RT reduced the relative risk of death to
0.89. Concomitant approaches yielded the highest absolute
benefit in the 5-year overall survival rate, which was 8%, higher
than the 1% for adjuvant approaches and 2% for induction CT
alone. The survival improved significantly with CCRT
(P< 0.0001).17 An updated version of the aforementioned
meta-analysis included 24 additional trials for approximately
18,000 patients, with a median follow-up of 5 years; in this more
homogeneous population, an 8% absolute improvement (4.5%
at 5 years in the updated analysis) in long-term survival was
observed for combined modality approaches, specifically
CCRT. No differences were observed in the survival benefits
according to the anatomical sites – the oral cavity, oropharynx,
hypopharynx, and larynx. Furthermore, no major differences
were observed regarding T and N staging.4 In our study,
platinum-based induction CT (arm 3) resulted in higher all-
cause and head and neck cancer-related death, regardless of the
anatomical site of the cancer, with the aHRs (95% CI) of 1.44
(1.36–1.5) and 1.47 (1.38–1.56), respectively (Table 2). The
all-cause death aHR (95% CI) increased to 1.32 (1.23–1.42) in
patients who completed induction CT with platinumþCCRT
compared with those who received CCRT alone. Among head
and neck cancer patients who could not tolerate induction CT
with platinumþCCRT, the aHR (95% CI) for induction CT
with platinum increased to 1.90 (1.71–2.11). For head and neck
cancer-related death, patients who completed induction
CTþCCRT had a higher aHR (1.36; 95% CI 1.26–1.46)
compared with those who received CCRT alone. Among head
and neck cancer patients who could not tolerate subsequent RT
or CCRT after platinum-based induction CT, the aHR (95% CI)
increased to 1.92 (1.71–2.16). The trend appeared to prioritize
therapeutic benefits in the following order: CCRT, plati-
numþCCRT, platinumþRT, and induction CT with platinum
alone with aHRs (95% CI) of 1 (0), 1.36 (1.26–1.46), 1.43
(1.26–1.46), and 1.92 (1.71–2.16), respectively. In our study,
after adjustment for age, sex, CCI score, and cancer stage,
platinum-based induction CT was an inferior therapy for head
and neck cancer patients, regardless of whether the cancers were
in the oral cavity (Figure 1A, B).

In Spanish randomized phase II and randomized phase III
trials, the inclusion of docetaxel-based induction CT in CCRT
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showed no advantage; however, the incidence of adverse events
increased.18,19 The 3-year overall (43% vs 55%) or progression-
free (41% vs 50%) survival rates were not significantly different
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in the induction CT with docetaxelþCCRT and CCRT
groups.19 PARADIGM and DECIDE were phase III trials that
were closed to accrual and did not fulfill the predicted accrual
targets. In both trials, docetaxel-based induction CT did not
improve survival;7,8 however, a randomized phase II trial by
Paccagnella et al20 demonstrated that adding docetaxel-based
induction CT to CCRT increased the rate of complete radio-
logical response compared with CCRT alone, and the trend
favored progression-free and overall survival after docetaxel
inclusion. Considering the core methodological flaws in these
studies, the apparent failure or success of these trials does not
justify the conclusion that induction CT lacks benefits. In our
study, docetaxel-based induction CT resulted in poor survival
and increased all-cause and head and neck cancer-related death.
The aHRs (95% CI) for docetaxel-based induction CT (arm 2;
Table 2) were 1.37 (1.22–1.53) and 1.29 (1.14–1.46) for all-
cause and head and neck cancer-related death, respectively. In
patients who completed docetaxelþCCRT therapy, disease-
specific and overall survival for nonoral cavity cancers did not
differ significantly between the docetaxelþCCRT and CCRT
groups (Table 3), and these outcomes were similar to those of
the aforementioned studies. Oropharyngeal cancer was the
predominant cancer among nonoral cavity cancers included
in the aforementioned studies, potentially because of the high
incidence of human papillomavirus (HPV)-positive tumors
among nonoral cavity cancers. Posner et al21 reported the
overall and progression-free survival according to the HPV
status in their TAX 324 study. According to overall and
progression-free survival, HPV-positive patients had more
favorable outcomes than HPV-negative patients did. The South-
west Oncology Group was scheduled to initiate a phase III trial
addressing the role of HPV in oropharyngeal cancer; however,
with the dissolution of the head and neck cancer committee in
the Southwest Oncology Group, this trial did not proceed. In our
study, docetaxel-based induction CT was an inferior therapy for
head and neck cancer patients (Figure 1A, B), except for
nonoral cavity cancer patients who completed docetax-
elþCCRT. Our results suggest that outcomes of induction
docetaxelþCCRT are adverse in nonoral cavity cancers.
Additional studies or randomized clinical trials are necessary
to validate this finding.

In Taiwan, more than 99% of head and neck cancers are
squamous cell carcinomas, and more than 88% of head and neck
cancer patients have a betel nut chewing habit.22,23 Betel nut
chewers show higher incidences of local recurrence, distant
metastasis, and secondary primary cancers as well as poorer
disease-specific and overall survival than do nonchewers.22 In
our study, more than 60% of the patients had oral cavity cancers
and less than 15% of the patients had oropharyngeal cancers
(Table 1). According to the anatomical site, the cancer occur-
rence and proportion differed considerably from those of other
studies, because betel nut chewing is a common practice in
Taiwan. In most studies on induction CT, oropharyngeal cancer
(a nonoral cavity cancer) was the most prominent cancer, and on
an average, more than 50% of head and neck cancer cases were
of oropharyngeal cancer.5–7,19,24 This may explain why survival
did not significantly differ between the docetaxelþCCRT and
CCRT groups.7,8,25 In our study, among nonoral cavity cancer
patients who tolerated docetaxelþCCRT, no significant differ-
ence in survival was evident between the docetaxelþCCRT
and CCRT groups. In the future, data should be stratified

Medicine � Volume 95, Number 7, February 2016
according to the HPV status to illustrate the actual benefits
of induction CT and enable suitable patient selection. We
considered the ITT approach in our study; if head and neck
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observed in oral cavity cancer patients; therefore, platinum-
cancer patients without distant metastasis received induction
CT alone, then the patients would have dropped out after initial
treatment because of an increase in the adverse events.7,8,18,19

The ITT approach provides unbiased comparisons among treat-
ment groups and is used to avoid the effects of crossing over and
dropping out, both of which may alter the outcomes of initial
treatment assigned to the treatment groups. Overall, docetaxel-
or platinum-based induction CT was inferior to CCRT in all-
cause and head and neck-related death in our analysis
(Figure 1A, B). No survival benefits were observed in oral
cavity cancers in this study. Thus, platinum- or docetaxel-based
induction CT is not recommended for oral cavity cancer
patients.

In the present study, Table 1 shows that the CCRT group
had a higher CCI score that those of the other groups, implying
that it had more comorbidities. Thus, many deaths in the CCRT
group can be attributed to comorbidities. The most favorable
survival outcomes were observed in the CCRT group. Thus, we
might have underestimated the risk of platinum- or docetaxel-
based induction CT. Induction CT did not improve the survival
benefits in head and neck cancer patients but increased the
mortality risk. Dropout rates for platinum- and docetaxel-based
induction CT were 9.94% and 21.90%, respectively (Table 2).
The dropout rate was similar to that of the TAX 323, TAX 324,
RTOG 9111, GORETC 2000-01, TREMPLIN, PARADIGM,
and DECIDE trials.3,5–8,11,26 Overestimating the mortality risk
of induction CT was difficult; the results were representative of
actual outcomes because survival in patients receiving
platinum- or docetaxel-based induction CT before CCRT
was directly compared with that of patients receiving upfront
CCRT alone. According to our literature review, this is the 1st
study to directly compare the survival in patients receiving
platinum- or docetaxel-based induction CT before CCRT with
that of patients receiving upfront CCRT alone. The PARA-
DIGM and DECIDE trials did not compare platinum-based
induction CT with CCRT alone,8,27 but their CCRTs included
cetuximab and docetaxel, respectively.

Docetaxel- or platinum-based induction CTþCCRT,
induction CTþRT, or induction CT did not exhibit any
advantage compared with CCRT alone in patients with head
and neck cancers without distant metastasis (Figure 1A, B). The
only feasible modality of induction CT was induction docetax-
elþCCRT for nonoral cavity cancers because all-cause and
head and neck cancer-related mortality risk were equal for the
docetaxelþCCRT and CCRT groups. Thus, the current study
provides data that can be elaborated on to form detailed
hypotheses for future studies and illustrates that along with
docetaxel-based induction CT for nonoral cavity cancers, an
HPV test is warranted to improve patient survival.

The following are the limitations of our study. The actual
toxicity induced by induction CT and the organ preservation
rate could not be determined. HPV test data were not recorded in
the included databases; hence, the effect of induction CT on
HPV-positive or -negative patients could not be examined. All
investigated head and neck cancer patients were from an Asian
population, and differences in susceptibility among races
remain undetermined; hence, our results should be cautiously
extrapolated to non-Asian populations. A large-scale random-
ized trial with a suitable regimen administered to carefully
selected patients and comparing standard approaches is essen-
tial for obtaining crucial information regarding population
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specificity and disease occurrence. Furthermore, diagnoses of
all comorbidities were completely dependent on ICD-9-CM
codes. Nevertheless, the Taiwan NHI Bureau randomly reviews
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charts and interviews patients to verify the accuracy of the
diagnoses. Hospitals with outlier charges or practices may
undergo an audit and subsequently receive heavy penalties if
malpractice or discrepancies are discovered. Finally, the data-
bases contain no information regarding tobacco use, alcohol
consumption, dietary habits, socioeconomic status, and body
mass index, all of which may be mortality risk factors. The
differences in all-cause and head and neck cancer-related death
in the docetaxelþRT and CCRT groups did not differ signifi-
cantly because the sample size was small (65 patients). How-
ever, a trend of all-cause mortality risk was observed, and the
aHR was 1.35 (95% CI 1.00–1.82, P¼ 0.052). Thus, docetaxel-
or platinum-based induction CT was an independent risk factor
for death (Figure 1A, B). However, given the magnitude and
statistical significance of the observed effects in this study,
these limitations are unlikely to have affected our conclusions.

Our cohort study showed that induction CT with docetaxel
or platinum did not improve survival and resulted in higher all-
cause mortality and head and neck cancer-related risk than did
CCRT. No survival benefit or increase in mortality was

Induction Chemotherapy for Head and Neck Cancers
or docetaxel-based induction CT is not recommended for
these patients.
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