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Summary Advanced locoregional disease is the most frequent clinical situation in Head and
Neck cancer. The standard of care for most clinicians is a multidisciplinary treatment with con-
comitant chemotherapy plus radiotherapy (CRT). However, retrospective studies have shown
that in patients treated with CRT there was a relative increase in systemic relapse due to a lack
of systemic control. For this reason a renewed interest has appeared for the incorporation of
induction chemotherapy in the treatment of locally advanced Head and Neck Cancer. Further-
more new combination regimens with taxanes have shown to be more active than the classical
cisplatin and 5-fluorouracil induction regimen. For these reasons ongoing trials are comparing
induction chemotherapy followed by chemoradiotherapy with chemoradiotherapy alone. In this
review, we will discuss the currently available data that support the design of these clinical tri-
als as well as the future role of new agents in this clinical situation.

�c 2007 Elsevier Ltd. All rights reserved.
Introduction

Squamous cell carcinoma of the head and neck (SCCHN) has
been considered the sixth most common cancer in the
world.1 Taken in to consideration the poor prognosis and
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the elevated incidence of this tumor type, SCCHN can be
considered a devastating disease. Indeed, presentation with
distant metastases occurs in about 10% of newly diagnosed
patients with SCCHN. In a similar way, more than 50% of
newly diagnosed patients with SCCHN will relapse locally
or at a distant site and patients with recurrent and/or met-
astatic SCCHN have a poor prognosis with a median survival
time of less than a year.

Advanced locoregional disease, defined as either non
metastatic stage III or stage IV, is the most frequent clinical
.
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Table 1b Summary of the meta-analysis of chemotherapy
in the Head and Neck Cancer Collaborative Group10

P value No. of trials No. of patient difference
(%)

PF* 15 2487 5 0.01
Other 16 2782 0 0.91

Chemotherapy regimens and survival at 5 years.
*
PF: cisplatin and 5-fluorouracil.

Table 2 Selected randomized phase III trials comparing IC
followed by concurrent chemoradiotherapy with concurrent
chemoradiotherapy alone

Study IC Radiotherapy

Paradigm DPFx3 CR: Carboplatin
+ Rt (conventionally fractionated)
PR: Docetaxel
+ Rt (accelerated fractionation/
concomitant boost)

DECIDE DPFx2 DF: Hydroxyurea
+ Rt (hyperfractionated radiation
alternate weeks)

Abbreviations: D, docetaxel; F, fluorouracil; P, cisplatin.

New options in the treatment of locally advanced head and neck cancer: Role for induction chemotherapy 269
situation appearing in 60% of the diagnosed patients.2,3 It is
well-known that advanced locoregional disease have a poor
prognosis. It is estimated that approximately 50–60% of
patients have local disease recurrence within 2 years, and
20–30% of patients develop metastatic disease.4,5

Although there are differences between cancer hospitals
and institutions, the established treatment of SCCHN in-
clude the following therapeutic approaches. For the locore-
gional disease, an acceptable option is a local treatment
based on surgery and/or radiotherapy (RT).4 On the other
hand, in the treatment of unresectable locoregionally ad-
vanced SCCHN the principal treatment in most institutions
is the combined-modality treatment with chemoradiothera-
py (CRT) if the patient is medically fit for the rigors of this
therapy. During the last years, this last approach has be-
come the standard treatment for most clinicians.6–9

The Meta-Analysis of Chemotherapy on Head and Neck
Cancer (MACH-NC) demonstrated that adding chemotherapy
to radiotherapy in both definitive and adjuvant postopera-
tive settings resulted in a 12% reduction in the risk of death
from SCCHN, corresponding to an absolute improvement of
4% in 5 years survival.10 A recent update has shown a 19%
reduction in the risk of death and an overall 8% improve-
ment in 5-year survival compared with treatment with RT
alone (P = .0001). These findings were a result of the use
of concurrent chemotherapy.11

Although concomitant treatment with chemotherapy and
radiotherapy is the standard of treatment, several questions
are still pending. For instance, retrospective studies have
shown that in patients treated with CRT there was an in-
crease in systemic relapse due to a lack of systemic con-
trol.12,13 To this regard, a renewed interest has appeared
for the use of induction chemotherapy (IC).

It is considered that IC has failed to demonstrate any sur-
vival benefit. Several meta-analyses have failed to reveal
any significant improvement in survival using induction che-
motherapy.10,14,15 The largest one, as mentioned before, is
‘‘The Meta Analysis of Chemotherapy on Head and Neck
Cancer (MACH-NC)’’ which analyzed individual patient data
for more than 5200 patients. A no significant 2% improve-
ment in overall survival at 5-year was observed.10 However,
significant survival benefits were identified in the 15 trials
that employed an induction regimen using fluorouracil and
platin compounds (hazard ratio 0.88; 95% CI, 0.79–0.97)
(Tables 1a and 1b). If we consider only individual trials, only
two studies have shown a survival benefit in inoperable pa-
tients with oropharynx cancer.16,17

On the other hand, the incorporation of taxanes to the
classical cisplatin and 5-fluorouracil regimen has shown an
increase in response rates and therefore clinical trials are
Table 1a Summary of the meta-analysis of chemotherapy
in the Head and Neck Cancer Collaborative Group10

No. of patient Difference (%) P value

All trials 10,850 4 <0.0001
Induction 5269 2 0.1
Adjuvant 1854 1 0.74
Concomitant 3727 8 <0.0001

Survival at 5 years.
incorporating a three-drug arm with taxanes. Another inter-
esting aspect is related to the possible role of chemotherapy
response to predict response to subsequent radiotherapy.18

With all this information, ongoing planned trials are
testing if the administration of IC followed by CRT could
improve locoregional and systemic control and for thus
improve overall survival. Here, we will review and discuss
all the available data, as well as the ongoing clinical trials
that compare a sequential approach with neoadjuvant che-
motherapy followed by concomitant CRT versus CRT alone.

Update of induction chemotherapy: new roles

The rationale underlying the use of an induction treatment
plan is based on two hypotheses. One involves the better
delivery of the drug in untreated, well-vascularized tumours
and the second involves the eradication of the micrometa-
static disease with systematically active doses of chemo-
therapy.5 In addition, the patient who is treatment-naive
is possibly more tolerant of the adverse effects of the
chemotherapy treatment than the patient who has been
irradiated.19

As mentioned a renewed interest has recently appeared
for the use of IC. Several phase II trials have explored the
role of three-drug combination chemotherapy regimens
with the administration of fluorouracil, cisplatin, and a tax-
ane.20,21 In these studies, response rates higher than 90%
were observed with complete responses in more than 50%
of patients.

Results from several large randomized trials have com-
pared induction fluorouracil and cisplatin with fluorouracil,
cisplatin and a taxane.22–24 In the phase III trial reported by
Vermorken et al.22 (TAX 323) presented at the American
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Society of Clinical Oncology Symposium (ASCO 2004) 358 pa-
tients with unresectable disease were treated with either
docetaxel, cisplatin and 5-Fu(DPF) or cisplatin and 5-
FU(PF), followed by radiotherapy.22 This study was updated
and recently published with a median follow up of 32.5
months. The DPF regimen resulted in a significantly higher
progression free survival (11.0 months vs. 8.2 months) and
overall survival (18.8 months vs. 14.5 months).24 This study
showed the superiority of DPF in terms of not only survival,
but also quality of life.25

Another randomized phase III trial conducted by Calais
et al.,26 presented at ASCO 2006 showed significant
improvement in the response rate with the addition of a tax-
ane. Patients with locally advanced cancer of the larynx or
hypofarynx were treated with cisplatin and 5-Fu with or
without docetaxel, followed by radiotherapy alone for
responders or total laryngectomy with neck dissection and
postoperative radiotherapy for non responders. The overall
response rate was significantly higher with DPF (82% vs. 60%)
and more patients with DPF were able to avoid undergoing
laryngectomy compared with patients receiving PF (73%
vs. 63%).26

On the other hand, different studies have observed that
chemoradiotherapy treatment have improved the locore-
gional control but have relative increased the risk of distant
metastases.7,12,13,27 In these studies, distant metastases
were developed in 15–20% of patients, irrespective of
whether concurrent chemotherapy was utilized in the defin-
itive management.

The last consideration for this renewed interest is the
observation that a response to chemotherapy could predict
a response to subsequent irradiation. The discovery of bio-
markers of response is an important issue when selecting
patients in order to avoid toxicities. Ongoing clinical trials
are incorporating this approach to select patients.28
Sequential therapy

Sequential therapy refers to the combination of induction
chemotherapy followed by concurrent administration of
chemoradiotherapy. Both approaches have advantages and
disadvantages. For instance, classical IC advantages include
the treatment of distant and locoregional disease. For the
distant disease, IC treatment is administered with the inten-
tion of eradicate the microscopic disease. For the locore-
gional disease, the objective of IC treatment is to reduce
the tumor before the start of radiotherapy.29 Toxicity with
IC is usually transient, but IC does require a longer course
of therapy. On the other hand, CRT increases locoregional
dose intensity in order to increase locoregional control.
However, this is an ineffective systemic therapy and is asso-
ciated with significant local and systemic toxicity. In the
same way, there is no method to assess prognosis and adjust
intensity once CRT has started. For all these reasons com-
bining IC with CRT as sequential therapy has a strong bio-
logic rationale,29,30 and for thus, ongoing clinical trials are
testing this approach.

The study performed by Machtay et al.31 included two cy-
cles of carboplatin (area under the curve formula equal to 6)
and paclitaxel 200 mg/m, followed by re-evaluation. Pa-
tients with major response continued to receive definitive
radiotherapy (70 Gy over seven weeks) plus concurrent
once-weekly paclitaxel (30 mg/m2/wk). In another study re-
ported by Vokes et al.32 the sequential approach consisted
of six weekly cycles of intensive carboplatin and paclitaxel
(CP) chemotherapy followed by chemoradiotherapy with
paclitaxel, hydroxyurea, 5-FU, and radiotherapy twice a
day every other week. With a median follow-up of 28
months, the 3-year overall survival rate and progression-
free survival was 70% and 80%, respectively.

The study conducted by Cmelak A used paclitaxel and
carboplatin as an induction chemotherapy followed by CRT
with carboplatin and paclitaxel.33 The 1 and 2-year-event
free survival was 72% and 57%, respectively (p = 0.02).34

Investigators from the Minnie Pearl Cancer Research Net-
work Trial performed a study of high-dose carboplatin and
paclitaxel (CP) for two cycles with 6-week continuous infu-
sion of 5-FU.35 This induction regimen was followed by CP
weekly with radiotherapy. There was a 51% 3-year survival
rate in this group of patients with advanced disease.

In a phase III study conducted by Hitt et al.23 383 patients
were randomized to receive three cycles of paclitaxel and
cisplatin and 5-FU (TPF) in one arm, or cisplatin and 5-FU
(PF) in the other arm, followed by cis-platinum-based
CRT. Resectable and unresectable patients were included
(66% resectable vs. 33% unresectable). The primary objec-
tive was objective response. Complete responses were ob-
served in 33% in the TPF arm compared with 14% in the PF
arm (p < 0.001). Patients with complete response or partial
response of greater than 80% in primary tumor received cis-
platinum based CRT. Patients with a partial response of less
than 80% or stable disease in the neck lymph nodes after
induction were referred to surgery before the administra-
tion of cisplatinum based CRT. Functional surgery was man-
datory whenever possible, if not radical surgery was
indicated. However, the decision to proceed with radical
surgery was left to the surgeon and was not specified in
the protocol. If surgery was not feasible, the treatment
choice, radiotherapy or CRT, was according to the prefer-
ence of the investigator. Patients with no response in the
primary tumor or progressive disease were taken off study
and treated according to the investigator’s discretion. An
increase in time to treatment progression was observed
for unresectables tumors in the TPF group (17.7 vs. 21.7).
TPF patients had a trend to longer survival. It could be ar-
gued that the management of surgery between induction
and CRT was diffused and not controlled and can affect to
the locorregional control and time to progression in resect-
able patients. Contrary to what might be expected, toxicity
with paclitaxel plus cisplatin and 5-FU was less than that ob-
served in those in the cisplatin and 5-FU arm.23

The phase III trial, TAX 324, recently published and con-
ducted by Posner et al.,36 evaluated more than 501 patients
with locoregionally advanced SCCHN (both, non resectable
and organ preservation candidates) in a sequential therapy
plan of induction chemotherapy with cisplatin and 5-Fu with
or without docetaxel followed by chemoradiation with car-
boplatin and surgical resection in patients with locally ad-
vanced head and neck cancer. The overall response rate
after induction chemotherapy trended toward an improve-
ment with DPF (72% vs. 64%, p = .07). The 3-year survival
data, including 69% of patients who have been followed
for more than 3 years, demonstrated a significant advantage
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for DPF (62% vs. 48% p = .0058). The median overall survival
was 71 months and 30 months, respectively (p = .006).
There was better locoregional control in DPF arm than in
the PF arm (p = .04), but the incidence of distant metasta-
ses in the two arms did not differ significantly.

Although these studies have shown that the sequential
approach is feasible and active, to our knowledge, there
are no published data from phase III trials comparing the
standard treatment of CRT versus an induction chemother-
apy treatment followed by CRT.

A phase II trial conducted by Paccagnella et al. presented
at ASCO 2006 37 randomized patients with unresectable
tumors to CRT (two cycles of cisplatin 20 mg/m2 d1–4 and
5-FU 800 mg/m2 I.C 96 h) versus three cycles of neoadjuvant
DPF followed by the same CRT. The sequential approach
was feasible and did not compromise the subsequent con-
comitant CRT. Radiological complete response was 20% in
the arm of CRT versus 64% in the arm of sequential therapy.
This difference justifies the starting of a phase III study.

To better address this issue investigators from the Span-
ish Head and Neck Cancer Study Group are conducting a
phase III trial in which patients are randomized to cisplatin
and 5-FU (PF) or cisplatin and 5-FU with docetaxel (TPF) fol-
lowed by CRT or CRT alone (Fig. 1). Although both schedule
of induction chemotherapy were similar in terms of effi-
cacy, induction chemotherapy plus CRT was feasible and
more active than CRT alone. When time to treatment pro-
gression was considered, the sequential approach was supe-
rior to CRT alone.38,39

Other studies are ongoing, for instance, in North America
three clinical trials are testing a fluorouracil/cisplatin/
docetaxel induction regimen followed by definitive chemor-
adiotherapy, compared with chemoradiotherapy alone
(Table 2). It is of interest to consider that two of these stud-
ies are using chemotherapy response as a predictor for the
success of subsequent chemotherapy. In one of those stud-
ies for patients not responders a more aggressive chemora-
Cisplatin 100 mg/m2 d1, 22, 43 

Radiotherapy 64-70 Gys

Docetaxel 75 mg/m2 d1 

Cisplatin 75 mg/m2 d1

5-Fluorouracil 750 mg/m2 d1-5

q3w x 3 

Cisplatin 100 mg/m2 d1
5-Fluorouracil 1000 mg/m2 d1-5 
q3w x 3 
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Figure 1 Phase III sequential trial. Sp
diation approach is administered, and in another one,
surgical resection is the choice (see Table 2).

It is important to consider that these phase III studies
compare a three-drug induction regimen followed by defin-
itive chemoradiotherapy, with chemoradiotherapy alone in
a high-risk patient population with the intention of detect-
ing difference in overall survival.

In our opinion, the final results of these studies will have
the potential to changing patterns of treatment improving
the standard approach in the treatment of advanced SCCHN.
Integration of novel agents in the sequential
approach

Because SCCHN patients have a poor prognosis, a clinical ef-
fort should be performed in an effort to improve the out-
come of these patients. In a parallel manner, the
understanding of the molecular bases of tumor genesis/pro-
gression in SCCHN led to the identification of alterations in
certain signal transduction routes linked to the control of
cell duplication and proliferation. This fact, along with
the development of therapies that target these signaling
routes, offers a promising scenario. According to recent
findings, agents that target the epidermal growth factor
receptor such as cetuximab have shown to be active in com-
bination with platinum compounds in metastatic SCCHN,
and in combination with radiotherapy in locally advanced
head and neck cancer.40–43

A recent phase III trial randomized 424 patients with
locoregionally advanced SCCHN to receive high-dose radio-
therapy alone or high-dose radiotherapy plus weekly cetux-
imab. The median duration of locoregional control was 24.4
months among patients treated with radiotherapy plus
cetuximab, and 14.9 months among those treated with
radiotherapy alone but the cumulative rates of incidence
of distant metastases at one and two years were similar in
Cisplatin  100 mg/m2 d1, 22, 43 

Radiotherapy  64-70 Gys

anish Head and Neck Cancer Group.
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the two groups. There was a significant increase in the med-
ian duration of overall survival, 49.0 months among patients
treated with combined therapy, compared to 29.3 months
among those treated with radiotherapy alone.42

One aspect to consider with this approach is the manner
in which these new drugs are incorporated into the sequen-
tial treatment of locally advanced Head and Neck Cancer.
For instance, the Eastern Cooperative Oncology Group is
conducting a phase II trial in which cetuximab is adminis-
tered in combination with weekly paclitaxel and carboplatin
as induction chemotherapy followed by CRT in operable pa-
tients. This phase II trial was recently presented in ASCO
2007. This schedule of induction chemotherapy with cetux-
imab elicited a complete pathologic response at the primary
site by restaging biopsy of 65% with induction alone, and
100% among sampled patients after chemoradiotherapy.
These result suggest a high response with acceptable toxic-
ity, included acneiform rash.44 The new toxicity profile of
these combination regimens with new agents should be ta-
ken into consideration.
Conclusion

The particular localization of the Head and Neck Cancer and
the high rate of systemic and local relapses in same clinical
situations make necessary a multidisciplinary treatment ap-
proach. Like most tumors, SCCHN can be considered a sys-
temic disease and for thus, an active systemic treatment
should be administered. However, locoregional control of
the disease is a main goal especially in locally advanced
head and neck cancer.

If we take these premises into consideration, the sequen-
tial treatment covers both necessities, and for thus, fit the
biology of this disease in a better manner.

Related to induction chemotherapy, it seems that tax-
anes could increase the response rates compared with the
classical cisplatin and fluorouracil infusion regimen,
although the best schedule has yet to be defined. In the
same way, the toxicity profile of these combinations has
not been clearly studied. The study that our group is per-
forming, tries to addresses this issue with the combination
of docetaxel. In a similar manner, the study reported by Hitt
et al.,23 clearly demonstrated that the induction with pac-
litaxel could increase the response rates without increasing
the toxicity.

Although CRT is the standard approach in the treatment
of unresectable locally advanced head and neck cancer,
several questions are unclear. Which is the best chemother-
apy and schedule to administer with radiotherapy? At this
point controversy still exists regarding the composition of
the standard regimen. It is clear that no randomized trial
has demonstrated that a taxane alone or in combination
with other drugs is more effective than platinum mono-
therapy in combination with radiotherapy. At this moment
it is important to consider that the role of chemotherapy
is to sensitize local and regional disease to the effects of
radiotherapy. In a similar way, the future role of CRT in
combination with cetuximab should be defined.

The major goal of these studies is to better determine if
sequential treatment with induction chemotherapy fol-
lowed by CRT is a better option than CRT alone in terms
of overall survival. This sequential approach has a strong
biologic rationale. It is considered that the immediate per-
iod after completion of IC may be a biologically critical
time. Considering the theoretical Gompertzian kinetics
model, when the tumor volume is low the proliferation of
cancer cells is more rapid. This is exactly what could happen
after the administration of IC. With this model in mind, the
addition of a non-cross-resistant therapy with minimal de-
lay, as is the case of CRT after IC, should improve locore-
gional control. Most of the studies carry a CRT arm alone
as a control arm to which the sequential approach should
be compared.

In conclusion, although CRT is considered by some
authors as the standard treatment in locally advanced Head
and Neck Cancer, sequential regimens are promising and
data suggest that this approach could be superior to CRT.
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