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Importance of the field: Laryngeal cancer has been the model of curative-
intent organ-preserving therapies in clinical oncology. Although the optimal
care of patients with laryngeal cancer is truly multidisciplinary, with progressive
advances in surgical, radiation, and medical oncology, the development of
effective systemic therapies has been a major component of the therapeutic
arsenal against laryngeal cancer.

Areas covered in this review: This review will discuss the rapidly evolving roles
of chemotherapy in the management of locally advanced and metastatic
laryngeal cancer.

What the reader will gain: The reader will gain a historical perspective on this
evolution in treatment and will appreciate current treatment challenges and
promising future directions in optimizing therapeutic efficacy in functional
larynx preservation and in patient survival.

Take home message: The treatment of most patients with laryngeal cancer
with systemic therapy represents an opportunity to positively impact func-
tional outcomes with an anatomically and functionally preserved larynx.
Future challenges include identification of novel therapies and optimizing
therapy protocols for individualized patient care.

Keywords: cancer, chemoradiotherapy, chemotherapy, laryngeal cancer, larynx,

molecular targeted therapy, treatment
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1. Introduction

As a result of several landmark studies of innovative therapies, the multidisciplinary
treatment of laryngeal cancer has become the model for organ-preserving and curative
non-surgical therapies in clinical oncology. With the goals of cure, improved survival
and improvement in the quality of life of patients with preserved larynx functionality,
the primary management for most locally advanced disease has moved away from total
laryngectomy to opportunities for larynx preservation, with particular progress made in
non-surgical therapies. This report presents an overview of the evolving chemotherapy
regimens and treatment protocols employed for laryngeal cancer.

1.1 Treatment goals for laryngeal cancer and definitions

The intent of therapy must always be the primary consideration for treatment
decisions. Cancer of the larynx, as in other sites of the head and neck, tends to
metastasize first to regional lymph nodes and subsequently to distant organs.
When the extent of the disease is confined to the neck, even in the setting of locore-
gionally advanced (stage IIT and IV) disease, it can be treated with initial (primary)
curative-intent surgical or radiotherapy-based interventions. However, disease
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Article highlights.

« Laryngeal cancer is the model for organ-preserving
therapies in clinical oncology, in which systemic therapy
has greatly contributed to modern management plans.
The observation that previously untreated laryngeal
cancer is a remarkably chemosensitive disease led to the
landmark VA Laryngeal Cancer Study, which
demonstrated effectiveness of this initial

curative-intent non-surgical treatment paradigm

in laryngeal preservation.

The radiosensitizing properties of chemotherapy have
been exploited in modern concurrent chemotherapy and
radiotherapy protocols for locally advanced laryngeal
cancer, which provide improved laryngeal preservation
rates when compared to the induction chemotherapy
protocol (RTOG 91-11 Intergroup Study).

Sequential chemoradiotherapy (induction chemotherapy
followed by concurrent chemoradiotherapy) is a novel
curative-intent treatment protocol exploiting both
systemic disease control and radiosensitization properties
of chemotherapy which has been associated with
outstanding clinical outcomes in early studies.
Randomized studies of this approach compared to
standard concurrent chemoradiotherapy approaches in
head and neck cancer are in progress.

In an era of molecular targeted therapies in clinical
oncology, cetuximab is the first targeted agent to have
demonstrated clinical evidence of radiosensitization in
patients with locally advanced head and neck cancer.
The optimal combination of this therapy with traditional
chemotherapy and radiation therapy is an active area of
clinical research.

The study and management of laryngeal cancer
continues to evolve with a focus on functional organ
preservation. Investigations of intra-arterial
chemoradiotherapy, ‘chemoselection’, and even
chemotherapy alone present promising opportunities for
further advances in this field.

This box summarizes key points contained in the article.

presenting as either distant metastatic disease or unresectable
local recurrence after definitive primary radiotherapy is generally
considered incurable.

The role of chemotherapy for patients with laryngeal cancer,
initially applied only to palliative settings, has evolved into
curative management plans. In the case of laryngeal cancer,
administration of chemotherapy potentially offers: i) systemic
disease cytoreduction; and/or ii) locoregional radiosensitiza-
tion. While successful achievement of these therapeutic objec-
tives is often dependent on preservation of patient functional
status and minimizing toxicities during therapy, considerable
advances in supportive care have been made to ameliorate
the morbidity of disease and the toxicities associated with can-
cer therapy, which are not the focus of this review. Rather, this
article focuses on the role of chemotherapy as a component of
curative-intent interventions.

In discussing treatment protocols, is necessary to define
common terms used in cancer management plans. ‘Neoadjuvant

(induction) therapy’ is treatment (often chemotherapy) admin-
istered before a definitive locoregional therapy (surgery, radia-
tion, or chemoradiotherapy). ‘Adjuvant therapy’ is treatment
administered following a definitive treatment intervention,
with the intent of treating micrometastatic disease remaining
after the primary therapy, thereby preventing disease recurrence
and improving survival. Evidence of response to systemic ther-
apy is currently defined by the Response Evaluation Criteria in
Solid Tumors (RECIST) as complete response (CR, the disap-
pearance of all targeted lesions) or partial response (PR, at least
a 30% decrease in the sum of the largest diameters of targeted
lesions) [11. Prolonged disease stabilization (stable disease, SD),
however, may possibly be another measure of therapeutic
activity in patients with incurable disease. Complete responses
following chemotherapy have been observed in laryngeal can-
cers, and this observation has led to several curative-intent,
non-surgical therapies for this disease. However, only in very
rare and currently experimental exceptions is systemic therapy
alone a possibly curative intervention (see Section 4). Definitive
therapy with concurrent radiation is therefore necessary to
achieve final local and regional control.

2. Roles of chemotherapy and molecular
targeted therapies in primary, curative-
intent treatment

As noted above, the role of chemotherapy in the management
of laryngeal cancer has evolved from only palliative therapy
of incurable disease to an important therapeutic component in
curative-intent management. Systemic disease control and radio-
sensitization properties of chemotherapy and molecular targeted
therapies have been exploited in current management plans.

2.1 Induction (neoadjuvant) chemotherapy followed
by radiotherapy

Neoadjuvant, or induction chemotherapy, given prior to
definitive irradiation or surgery provides a number of theoret-
ical advantages including the possible eradication of systemic
micrometastases, the ability to deliver therapy to a tumor
bed with blood supply unaltered by prior surgery or irradia-
tion, and possibly altered tumor kinetics in the region targeted
for subsequent irradiation. Response to neoadjuvant treat-
ment may also predict the response to subsequent radiation
therapy, as will be discussed.

Clinical research of induction chemotherapy in laryngeal
cancer has revolutionized the treatment of this disease. In
1975, the feasibility of neoadjuvant chemotherapy was first
established by Tarpley er al. (21, using preoperative methotrex-
ate. The concept was further explored in several subsequent
clinical trials (3-101. The largest of these, the Head and Neck
Contracts Program, showed that 3% of patients with resect-
able stage III or IV cancer of the oral cavity, larynx and hypo-
pharynx achieved a pathologic CR (complete eradication of
the tumor at the time of surgery) after only one cycle of
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preoperative cisplatin and bleomycin chemotherapy; however,
the neoadjuvant chemotherapy failed to demonstrate a benefit
in terms of survival [4). Cisplatin and 5-fluorouracil (PF)
regimens also produced high response rates in patients with
previously untreated disease. Thirty to 50% of patients
achieved clinical CRs, with pathologic complete response
confirmed in approximately two-thirds of the complete
responders [11]. A significant survival advantage was demon-
strated among patients who achieved complete clinical and
pathological response following PF chemotherapy, and there
was a trend toward improved outcomes even among partially
responding patients as compared with non-responders [8,12-14].
Jacobs ez al. (15] and Karp ez al. (16] were the first to incorpo-
rate these observations into a treatment paradigm that used
response to preoperative chemotherapy as a means to select
patients for non-surgical definitive treatment.

As a result of this work, the first randomized study of
organ-preservation therapy for laryngeal cancer was con-
ducted by the Department of Veterans Affairs (VA) Laryngeal
Cancer Study Group, with results published in 1991 [7).
Starting in 1985, a total of 332 patients with either stage III
or stage IV laryngeal cancer (57% with laryngeal fixation,
and 63% supraglottic tumors) were randomly assigned to
one of two treatment strategies: total laryngectomy followed
by radiation (then the sole standard treatment) vs chemother-
apy followed by either radiotherapy in responding patients or
surgery in non-responders. The experimental arm included
three cycles of induction chemotherapy consisting of intrave-
nous cisplatin at 100 mg/m? on day 1 and 5-fluorouracil at
1000 mg/m*/day over 24 h for five consecutive days. Three
clinical response assessments were performed, the first after
two cycles of induction chemotherapy. If there was not at least
a 50% reduction in primary tumor size and at least stable dis-
ease in the neck, chemotherapy was stopped and surgery was
performed, followed by postoperative radiotherapy. If at least
a partial response (> 50% shrinkage) was noted after two
cycles, patients received a third cycle of induction chemo-
therapy followed by a second tumor assessment and primary
site biopsy. This was followed by definitive radiotherapy
(66 - 76 Gy). Twelve weeks after the completion of radio-
therapy, a third tumor assessment by direct laryngoscopy
was performed. If biopsy-proven cancer was found, a salvage
laryngectomy was performed. If not, the patient entered a
standardized follow-up schedule. Although 5-year survival
for the two arms of the study was equivalent, larynx preserva-
tion was noted in nearly two-thirds of surviving patients ran-
domized to the induction chemotherapy arm. There was also
a trend toward reduced distant metastasis, although this was
not statistically significant. The 1991 publication did not
compare functional quality of life issues between the two
arms. The study was subsequently analyzed in 1998 for swal-
lowing and voice functions. Whereas voice preservation was
significantly higher in the larynx preservation group, the
same incidence of swallowing abnormalities, even up to 2 years
after treatment, was observed in the two treatment arms [18].

Nevertheless, non-surgical therapy became a standard of care
for the treatment of locally advanced laryngeal cancer.

The second randomized induction therapy trial for larynx
preservation was conducted by EORTC (the European
Organisation for Research and Treatment of Cancer) in
patients with pyriform sinus (78%) and lateral epilaryngeal
cancers (22%) [19]. A total of 194 patients were randomized
to standard total laryngectomy and partial pharyngectomy
followed by radiotherapy or to induction PF chemotherapy
followed by radiotherapy in complete responders. The rate
of complete clinical response to induction chemotherapy
was 54%. Although survival was similar between the study
arms, the functional larynx preservation rate was 48% at
3 years.

A third randomized study involving 68 patients by the
GETTEC (Groupe d’Etude des Tumeurs de la Téte et du
Cou) specifically in T3 laryngeal cancer also supported the
concept of larynx preservation [20]. In this study, patient selec-
tion was more restrictive than in the VA trial, because all
patients had larynx fixation, but only 31% had a supraglottic
tumor. Two-year survival was significantly higher in the sur-
gery group than in the chemotherapy group (84 vs 69%),
but 15 of 36 patients (42%) in the chemotherapy group
avoided a total laryngectomy. A meta-analysis of chemother-
apy in head and neck cancer (MACH-NC) in these three
studies (n = 602) found no significant difference in survival,
with larynx preservation in 58% of the surviving patients at
5 years [21].

Recently, Pointreau ez al. (221 compared the effect of
three cycles of induction PF with induction TPF (docetaxel-
cisplatin—fluorouracil) in a larynx-preservation study of
213 laryngeal and hypopharyngeal cancer patients who other-
wise required total laryngectomy. The TPF induction regimen
consisted of three planned cycles of intravenous docetaxel at
75 mg/m” on day 1, cisplatin at 75 mg/m* on day 1, and
5-fluorouracil at 750 mg/m */day as a 24-h continuous infusion
for 5 days, with each cycle administered at intervals of 21 days.
Patients responding to induction chemotherapy received
radiotherapy (70 Gy to the tumor volume) with or without
additional chemotherapy (per institutional practice) and non-
responders underwent total laryngectomy followed by radio-
therapy with or without additional chemotherapy. At 3 years,
the laryngeal preservation rate in the taxane (docetaxel) group
was significantly higher (70.3 vs 57.5%, p = 0.03) and the
response rate was higher in the taxane group (80 vs 59.2%,
p = 0.002), but there was no differences in overall survival.

2.2 Concurrent chemoradiotherapy

The rationale for concurrent chemoradiotherapy (chemother-
apy delivered during a radiotherapy course) results from the
concept of radiosensitization of tumor cells, which remains
theoretical. One hypothesis accounting for radiosensitization
is that chemotherapy can synchronize cancer cells in the
cell cycle to promote radiation sensitivity (the G2 phase).
Concurrent chemotherapy may additionally impair DNA

Expert Opin. Pharmacother. (2010) 11(8)

1307



Chemotherapy regimens and treatment protocols for laryngeal cancer

repair mechanisms following damage induced by radiother-
apy. Another hypothesis is that chemotherapy delivered con-
currently can have antiangiogenic effects. Finally, concurrent
chemotherapy combats tumor cell repopulation associated
with resistance to radiation [23-26]. Clinical evidence support-
ing this treatment approach has been demonstrated by several
trials in head and neck cancer resulting in improved patient
survival [27-31. Although the potential for eradication of
micrometastatic distant disease may be exploited in con-
current chemoradiotherapy regimens, the local toxicity and
tolerance of chemoradiotherapy are worse than for radio-
therapy [24]. As a result, the doses of chemotherapy prescribed
in the absence of radiotherapy are frequently decreased in
concurrent regimens to improve tolerance and compliance.

Following the VA trial, the RTOG (Radiation Therapy
Oncology Group) 91-11 Intergroup randomized trial was
the next landmark study in patients with locally advanced
laryngeal cancer, published in 2003 (32]. This study random-
ized 547 patients with stage III and stage IV larynx cancer
(although only data for 497 were analyzed) to two experimen-
tal arms as compared to induction PF chemotherapy followed
by definitive radiotherapy in responders (the identical proto-
col as in the VA study). Padients with stage T1 primary tumor
or patients with large-volume T4 disease (defined as tumor
penetrating through the cartilage or extending more than
1 cm into the base of the tongue) were not eligible for study
participation. Of participating patients, 68% had supraglottic
tumors and 65% had laryngeal fixation. The first experimen-
tal arm consisted of radiotherapy alone, and the second exper-
imental arm was concurrent chemoradiotherapy with single
agent cisplatin at a dose of 100 mg/m” given on days 1, 22,
and 43 during radiotherapy. The radiotherapy regimens in
all treatment arms were identical, planned as 35 once-daily
radiotherapy fractions to a total dose of 70 Gy to the
primary site.

Although the survival curves for all treatment arms were
identical, a slightly - but significantly - lower rate of distant
metastasis was observed for patients treated with induction che-
motherapy than those treated with radiotherapy. With 2-year
results, the rate of larynx preservation in the induction chemo-
therapy arm was 71%, similar to that of the VA Study, and was
not statistically different from the 64% laryngeal preservation in
the radiotherapy arm, also comparable to rates of earlier studies
of radiotherapy alone [33-37]. However, the rate of larynx preser-
vation of the concurrent chemotherapy arm was significantly
greater, at 81% (p = 0.005). With 5-year follow up, although
laryngeal preservation and locoregional control remained supe-
rior for the concurrent chemoradiotherapy arm, laryngectomy-
free survival was significantly better with either induction
chemotherapy (44.6%, p = 0.011) or concurrent chemoradio-
therapy (46.6%, p = 0.011) than with radiotherapy alone
(33.9%) 138].

This study thus demonstrated an advantage with concur-
rent chemoradiotherapy in the treatment of locally advanced
laryngeal cancer, which consequently supplanted induction

chemotherapy regimens. The radiosensitization afforded by
concurrent chemoradiotherapy was also apparent, however,
in the increased rate of serious (grade 3 or grade 4) mucositis,
which was nearly twice as frequent as the mucosal toxicity of
the control arm. Finally, one European trial (EORTC
24954) compared alternating chemoradiotherapy and induc-
tion chemotherapy with no significant difference between
arms in terms of survival or larynx preservation [39].

In terms of survival, a recent update of the MACH-
NC meta-analysis [40] demonstrated a statistically significant
effect of concurrent platinum-based chemotherapy on
improving survival associated with locoregional therapy. Con-
current chemoradiotherapy was shown to improve overall sur-
vival, event-free survival, and locoregional failure significantly
more than induction chemotherapy, with an absolute benefit
in overall survival of 3.5% at 5 years.

2.3 Sequential chemoradiotherapy

Although no significant improvement in survival to date has
been observed in specific laryngeal cancer trials, platinum-
based chemotherapy has been shown in a meta-analysis to
improve survival [40]. Because of the separate potential benefits
of induction chemotherapy and concurrent chemoradiother-
apy, several investigators have examined sequential regimens
(involving both treatments). The theoretical advantages of
this approach include administration of full-dose systemic
chemotherapy upfront to a previously untreated tumor
and upfront aggressive treatment of potential micrometastatic
distant disease. Of concern is the added treatment time
with neoadjuvant chemotherapy and the potential for delay
of definitive treatment resulting from either toxicity or
non-compliance.

Sequential therapy has been studied in the context of sev-
eral series and Phase II trials in head and neck cancer, with
remarkably encouraging results [41-45], now supported by
larger studies (46.471. TAX 324, a randomized Phase III trial
of two induction chemotherapy regimens in a sequential pro-
tocol, confirmed these observations and demonstrated superi-
ority of TPF over PF as the optimal induction chemotherapy
regimen for future trials (47]. In this protocol, induction TPF
consisted of three planned cycles of intravenous docetaxel at
75 mg/m” on day 1, cisplatin at 100 mg/m® on day 1, and
5-fluorouracil at 1000 mg/m*/day as a 24-h continuous
infusion administered over 4 days. The concurrent chemora-
diotherapy regimen consisted of carboplatin at area under
the curve (AUC) of 1.5 administered once a week during
the radiotherapy course. In a recent subset analysis of
166 participating patients with locally advanced laryngeal
and hypopharyngeal cancer, sequential therapy with induc-
tion TPF was associated with improved survival and, in
operable patients, with laryngectomy-free survival [48). The
recently published results demonstrating superiority of TPF
over PF as induction chemotherapy in a specific laryngeal
preservation protocol confirm these observations, although
improved survival was not observed [22].
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Preliminary results of sequential therapy for locally
advanced disease show a 3-year survival rate of over 60%.
The concept is being tested in at least three large, randomized
Phase III trials in locally advanced, non-site-specific head and
neck cancer, compared with concurrent chemoradiotherapy.
In addition to examining traditional outcomes of survival
and disease control, these trials are prospectively studying
measures of patient quality of life and functional issues
(speech and swallowing).

2.4 Bioradiotherapy

The development of active molecular targeted therapies for
head and neck cancer has led to studies integrating these rela-
tively less toxic agents with radiotherapy regimens with intent
to cure (bioradiotherapy). The molecular targeted therapy
most successfully combined with radiation to date is cetuxi-
mab, a monoclonal antibody with high affinity for the epider-
mal growth factor receptor (EGFR), blocking the binding
of its ligands and inducing receptor internalization and down-
regulation. Preclinical studies showed cetuximab-induced
enhancement of the cytotoxic effects of radiotherapy in squa-
mous cell carcinomas [49). Encouraging results from early clin-
ical feasibility studies led to the first randomized study of
bioradiotherapy in head and neck cancer, initially published
in 2006 (s0) (with updated 5-year survival results in
2009 [51]), which included a total of 424 patients with
untreated, stage III and stage IV head and neck cancer who
were randomly assigned to definitive radiotherapy or radio-
therapy with cetuximab. Cetuximab was administered intrave-
nously starting 1 week before radiotherapy as a 400 mg/m?
loading dose, followed by weekly infusions of 250 mg/m®
for the duration of the radiotherapy. The median duration
of locoregional control and progression free survival was
significantly higher with concurrent cetuximab treatment,
as was the median survival (49 months vs 29.3 months,
p = 0.03). Treatment with cetuximab was well tolerated, asso-
ciated with frequent acneiform rash and development of
potentially serious but rare infusion-related allergic reactions.
However, incidence of other serious (grade 3 or greater) tox-
icities, including mucositis, did not differ significantly.
Additionally, patient quality of life (evaluated by EORTC
QLQ-C30 and the EORTC QLQ Head and Neck Cancer-
Specific Module) was not adversely affected with the addition
of cetuximab [52].

Although this study did not include a chemoradiotherapy
arm, it represents the first clinical demonstration of radiosen-
sitization of head and neck cancers induced by molecular tar-
geted therapies, an observation likely to be duplicated with
other future molecular targeted therapies. It is important to
note that on subset analysis, the patient population that
appeared to have greatest survival benefit for cetuximab in
combination with radiotherapy was in oropharyngeal cancer,
which comprised 60% of the study population [hazard ratio
(HR) 0.62]; the survival benefit for cetuximab in laryngeal
cancer (about 25% of the study population) was less

(HR = 0.87). Therefore, the role of cetuximab with radiother-
apy in the curative management of locoregionally advanced
laryngeal cancer remains poorly defined. Currently, several
clinical trials are investigating the incorporation of cetuximab
in concurrent and sequential chemoradiotherapy regimens.

2.5 Intra-arterial chemoradiotherapy

Patients with locally advanced laryngeal cancer with bone or
thyroid cartilage invasion generally have a poor prognosis,
are best managed by primary total laryngectomy, and have
therefore been excluded from randomized clinical trials of
organ preservation. Intra-arterial chemotherapy administra-
tion has been explored in many head and neck anatomical
sites as a means to administer supradose cisplatin chemother-
apy (doses up to 150 mg/m? weekly) directly into the tumor
blood flow, followed by rapid systemic detoxification with
intravenous sodium thiosulfate [53-56]. For laryngeal cancers,
intra-arterial therapy poses vascular access problems to isolate
vessels that adequately perfuse the tumor and involved
lymph nodes, but advances in radiologically guided
catheterization have improved access to these vessels.
Robbins ez al. (57 have employed superselective arterial infu-
sions of cisplatin combined with radiation as part of an
organ-preservation strategy. Samant e al. [5859] observed
high rates of response and organ preservation when this
treatment protocol was applied to advanced pyriform sinus
cancers and head and neck cancers with bone or cartilage
involvement. Although this approach requires new expertise,
this intensive treatment regimen (RADPLAT) has been feasi-
ble in multi-institutional settings [60]. Staton et al [61]
reviewed 45 laryngeal cancer patients treated with RAD-
PLAT in terms of risk factors resulting in a poor functional
outcome following successful disease control (defined as the
persistent need for a feeding tube and/or tracheostomy at
6 months after therapy). Regression analysis of all pretreat-
ment factors indicated vocal cord fixation as being the stron-
gest predictor of a poor functional outcome. Among the
27 patients in this subset, 15 (56%) had a poor functional
outcome. By contrast, only 1 (6%) of 18 patients without
vocal cord fixation had poor laryngeal function. Randomized
clinical trials will be needed to determine the optimal use of
this treatment approach, and as with all laryngeal organ
preservation studies, function and quality of life issues need
to be assessed.

2.6 Treatment decisions based on response to
neoadjuvant chemotherapy

Since the introduction of induction chemotherapy, researchers
had hoped to select future therapy based on the response to
induction chemotherapy. This theory is based on the similari-
ties of the cytotoxic effects of chemotherapy and radiotherapy
and on the complete response to induction chemotherapy
being predictive of local control with radiotherapy in the VA
study discussed above.

Expert Opin. Pharmacother. (2010) 11(8)
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Along these lines, Urba et al. (621 have recently introduced a
protocol for selecting patients with laryngeal cancer for subse-
quent chemoradiotherapy by extent of response to only one
cycle of induction chemotherapy. Using the same induction
chemotherapy regimen as employed in the VA larynx preser-
vation study (PF), patients who achieved a < 50% response
to the initial chemotherapy cycle underwent total laryngec-
tomy, while good or complete responders underwent subse-
quent concurrent chemoradiotherapy with cisplatin. On
completion of chemoradiotherapy, two adjuvant cycles of
PF were then offered to complete responders. Of 97 eligible
patients, including patients with bulky or deeply invasive
T4 disease for whom total laryngectomy remains standard,
75% achieved > 50% response to one cycle of induction che-
motherapy, leading to an altered therapeutic plan with an
overall survival rate at 3 years of 85% and a 70% laryngeal
preservation rate. A retrospective analysis of patients with
T4 disease with cartilage invasion from this trial and a subse-
quent study demonstrated that ‘chemoselection’, even for
such patients, may be a feasible organ-preservation alternative
to standard primary total laryngectomy [63]. Although the
survival and larynx preservation rates in these studies are
encouraging, additional research is required to determine the
exact role of induction chemotherapy in selecting patients
for subsequent locoregional therapy, comparing this approach
to primary chemoradiotherapy, sequential protocols, and
regimens including bioradiotherapy.

3. Roles of chemotherapy in the adjuvant
(post-definitive treatment) setting

Locoregional therapies, namely surgery and radiotherapy, have
been the traditional mainstay of curative-intent therapy of
laryngeal and other head and neck cancers. However, the obser-
vation of both regional and systemic disease recurrence follow-
ing curative-intent primary therapy has driven investigations of
adjuvant therapy to improve disease-specific survival.

3.1 Adjuvant chemotherapy

The Head and Neck Contracts Program, initdated in 1978,
was a three-arm study of 462 patients with stage III/IV cancer
of the oral cavity, larynx or hypopharynx comparing single-
course preoperative cisplatin and bleomycin chemotherapy
followed by surgery and postoperative radiotherapy with the
same treatment followed by six cycles of monthly cisplatin.
The third arm was the control arm with conventional surgery
and radiotherapy [4]. No benefit was demonstrated with neo-
adjuvant chemotherapy, although detailed analysis of various
subsets of patients suggested that induction chemotherapy
plus maintenance may have had a beneficial effect in patients
with oral cavity cancer, small primaries (T'1-T2) or neck dis-
ease (N1-N2). However, the group of patients receiving adju-
vant chemotherapy showed a delay in the appearance of
distant metastases. One important limitation of this study is
that only 27% of patients enrolled on the adjuvant therapy

arm received three or more cycles of adjuvant chemotherapy
and nearly half never received any at all. Other investigators
have consistently observed incomplete delivery of planned
adjuvant chemotherapy regimens following primary chemora-
diotherapy [29.62,64]. Tolerance and adherence to a planned
adjuvant therapy course is required for it to be effective.
For now, this approach with conventional chemotherapy
does not play a role in the management of patients with
laryngeal cancer.

The goal of prolonged, maintenance therapy for control of
distant metastases may be attained in the future using molec-
ular targeted agents, which may be better tolerated than
traditional cytotoxic chemotherapies. Gefitinib, an orally bio-
available EGFR tyrosine kinase inhibitor, has been success-
fully administered as daily dose to head and neck cancer
patients both during and following curative-intent chemora-
diotherapy for up to 2 years [65]. The oncological effects and
patient quality of life experienced in this type of approach
need further confirmation.

3.2 Postoperative chemoradiotherapy

Head and neck cancer patients continue to undergo primary
surgical resection with low morbidity. This is due to patient
selection and modern surgical techniques, including transoral
laser or robotic-assisted resection with or without reconstruc-
tion. Primary total laryngectomy also remains a standard
treatment for deeply infiltrating T4 cancers with loss of laryn-
geal function. As meta-analyses of randomized controlled tri-
als have shown that concurrent chemoradiotherapy offers a
small but significant survival advantage over radiotherapy for
the treatment of primary disease [40], this concept has been
applied to the postoperative setting.

Two randomized clinical trials (sponsored by the EORTC
and RTOG) address this issue, both published in 2004 (66,671
Both studies included patients with adequate organ func-
tion and performance status following surgical resection of
squamous-cell carcinomas of the oral cavity, oropharynx,
larynx, and hypopharynx. High-risk patients in the RTOG
study were defined as having positive margins, extracapsular
extension of lymph node metastases, or involvement of two
or more lymph nodes [67. The EORTC study included only
pT3-4Nx disease (except pT3NO larynx cancer), pT1-2N0-1-
staged tumors with high-risk features, or oral cavity/oropharynx
cancer with involvement of level IV/V lymph nodes [s6].
Although the two studies employed slightly different radio-
therapy regimens (EORTC: 60 Gy in 30 fractions, with a
6 Gy boost to high-risk sites; RTOG: 54 Gy in 27 fractions
with a 12 Gy boost to high-risk sites), the concurrent chemo-
therapy regimens were identical, with single-agent cisplatin
administered at 100 mg/m” on days 1, 22, and 43 of the
radiotherapy course.

Although improved locoregional control and progression-
free survival was observed with adjuvant postoperative chemo-
radiotherapy in both the RTOG and EORTC studies, only the

EORTC study demonstrated a significant survival advantage
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with chemoradiotherapy [EORTC: HR = 0.70, confidence
interval (CI) 0.52 - 0.95, p = 0.02 vs RTOG: HR = 0.84,
CI 0.65 - 1.09, p = 0.19]. No improvement in distant recur-
rence was observed in either study. Additionally, the toxicities
of the approach were considerable, with a higher rate of serious
acute toxicity observed in the chemoradiotherapy regimens of
both studies, particularly in mucositis; however, there was no
significant difference in late toxicities. Four patients died in
the chemoradiotherapy arm of the RTOG study and one
patient died from treatment-related toxicity in each arm of
the EORTC study. Postoperative adjuvant chemoradiother-
apy should therefore be considered for high-risk patients who

are able to tolerate aggressive treatment.

4. Chemotherapy alone as an investigational
curative-intent therapy

In the VA Laryngeal Cancer Study, low T stage (T'1-3 disease vs
T4 disease) was found to be the best predictor of response to
induction chemotherapy [68]. In 1996, Laccourreye ez al. [69]
published results of an investigation of chemotherapy as a single
treatment modality in patients with eatly to intermediate stage
glottic cancer, with the intent of providing curative treatment
and preserving organ function. Although the initial study in
laryngeal cancer was small and retrospective in nature, this
hypothesis has been confirmed in recent publications [70-73].
In 2009, Holsinger et al. [72) reported results of a prospective
study at the M.D. Anderson Cancer Center, University of
Texas, involving 31 previously untreated patients with laryngeal
cancer (T2-4, NO-1, M0) with tumors considered for conser-
vation laryngeal surgery. Patients received three or four cycles
of paclitaxel, ifosfamide, and cisplatin (TIP), with histopatho-
logical assessment of response. Patients achieving a complete
pathologic response (pCR) received an additional three cycles
of TIP and no other treatment. With chemotherapy alone,
11 patients (37%) achieved pCR, 10 of whom (33% of total)
remained alive with no evidence of recurrence over a median
follow-up time of 5 years.

In the most recent report from the University of Paris,
Holsinger ez al. (73] reviewed all patients treated with chemo-
therapy alone resulting in a much larger cohort of
142 patients, out of 2271 patients initially treated with induc-
tion chemotherapy over 23 years. No deaths were attributable
to chemotherapy. The authors reported a 5-year survival rate
of 61.2%, with metachronous second primaries and intercur-
rent disease being the main causes of death. The 5-year local
control rate was 50.7%, with salvage therapy resulting in a
93% overall local control rate (97.2% in patients with glottic
cancer). Chemotherapy decreased the need for or the extent of
local therapy in 54.9% of patients. It is notable that the results
of this study were achieved with platinum-based chemo-
therapy regimens that did not include taxanes or molecular
targeted therapies. The authors concluded that for selec-
ted patients, chemotherapy alone may provide long-term
disease control. Additionally, in the event of relapse after

chemotherapy, this approach permits effective salvage and
maintains function in a majority of patients.

As a result of these studies, laryngeal cancer joins the ranks
of those select malignancies potentially curable with chemo-
therapy alone [74]. Supporting these results, intra-arterial che-
motherapy has recently demonstrated efficacy as primary
therapy for laryngeal verrucous carcinoma [75]. To date, che-
motherapy alone generally has best addressed early-stage dis-
ease, however, for which local single-modality treatments
using surgery or radiotherapy provide excellent oncological
results. Indeed, a recent publication from the University of
Michigan demonstrated that patients with locoregionally
advanced (stage III or IVA) laryngeal or hypopharyngeal can-
cer do not seem to benefit from a chemotherapy alone proto-
col, even when complete histological response is confirmed at
the primary site [76]. Further studies are needed to compare
chemotherapy alone with traditional curative treatment
modalities in terms of oncological results, toxicity and quality
of life before chemotherapy alone can be advocated as a
curative intervention for laryngeal carcinoma [74,77].

5. Chemotherapy and molecular targeted
therapy as palliative treatment for laryngeal
cancer

Despite advances in primary therapy, disease relapse or devel-
opment of second primary malignancies are frequent causes of
death in patients with head and neck cancer, even when com-
plete locoregional control has been achieved. Improvements
in locoregional control with advances in primary therapies
may ultimately change the pattern of failure from locoregional
to distant disease. Management of distant or locoregionally
unresectable recurrent disease is often achieved with palliative
chemotherapy as a single treatment modality. Whereas previ-
ously untreated laryngeal cancer is highly chemosensitive,
patients with unresectable recurrence often have median
survival duration of 6 - 8 months. Although the single-
agent activity of cetuximab for incurable disease is quite mod-
est (associated with a response rate of 13% in patients with
disease progression on platinum-based therapy) (78, the com-
bination of cetuximab with platinum-based combination che-
motherapy has led to survival benefit in this setting in a
recently published randomized Phase III trial [79]. Whether
this survival benefit observed with cetuximab is limited to its
combination with chemotherapy or is maintained when
administered as a single agent, as it is for colorectal cancer,
is unknown. Additionally, aside from cetuximab and other
EGFR-targeted therapies, a host of biological agents targeting
relevant signaling pathways and carcinogenesis mechanisms
are under clinical investigation. Further clinical research on
systemic therapy in this setting will not only have implications
for patients with incurable disease but also serve as an
evidence-based platform for future neoadjuvant/sequential
therapies or even in curative-intent chemotherapy/molecular
targeted therapy protocols.
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6. Conclusions

This article reviews the evolving roles of chemotherapy and
molecular targeted therapies in the management of laryngeal
cancer. Chemotherapy, once considered as only a palliative
therapy for incurable disease, has now come to the forefront
as an integral component of multidisciplinary curative treat-
ment plans. This process has resulted from a stepwise progres-
sion of results from landmark trials in clinical oncology,
which have challenged traditional surgical oncological princi-
ples, from the induction chemotherapy protocol in the VA
Laryngeal Cancer Study to modern standards including con-
current and sequential chemoradiotherapy and bioradiother-
apy regimens. However, it must be made clear that no
larynx-preservation approach offers a survival advantage with
respect to total laryngectomy and appropriate adjuvant ther-
apy. Postoperative concurrent chemoradiotherapy is now a
standard of care for high-risk patients who are able to tole-
rate aggressive therapy after primary surgery. Intra-arterial
chemoradiotherapy remains investigational, as is the role of
chemotherapy as a sole treatment modality for highly selected
patients. There is no doubt that clinical research has shifted
the paradigms in the treatment of laryngeal cancer leading
to a declining use of surgery [80]. It is in this environment of
innovative multidisciplinary research where continued advan-
ces are expected to be made in laryngeal preservation, patient
survival and quality of life, and in cancer prevention.

7. Expert opinion

The treatment of laryngeal cancer has truly been shaped by
groundbreaking clinical research documenting logical advan-
ces in multidisciplinary management. The primary therapy
for most locally advanced disease has moved away from total
laryngectomy to novel surgical and, increasingly non-surgical,
opportunities for functional larynx preservation. Further-
more, recent evidence now places laryngeal cancer among
the ranks of those select malignancies potentially curable
with chemotherapy alone. However, although great therapeu-
tic advances have been made, many concerns still require
future research attention.

In an era of several effective treatment regimens, identifica-
tion of an optimal treatment protocol for locally advanced
laryngeal cancer remains a future challenge. Current clinical
research in this field consists of large number of small, non-
site-specific and non-randomized studies with widely varied
chemotherapy regimens (now in combination with molecular
targeted therapies), and available radiation regimens have also
become increasingly complex [e.g., altered radiation fraction-
ation schedules, intensity modulated radiation therapy
(IMRT)]. Results from randomized Phase III clinical trials,
the highest level of scientific evidence supporting therapeutic
interventions, are limited for head and neck cancers. Only
recently are randomized trials in progress comparing modern
chemoradiotherapy protocols. As in these trials, future studies

of chemoradiotherapy should prospectively examine quality
of life and assess the functionality of the anatomically
preserved larynx.

Here, we must stress that the true objective of organ preser-
vation is function preservation, not the avoidance of surgery
per se. In fact, surgery is a crucial component of the function
preservation paradigm. For example, local treatment for early
glottic cancer provides excellent oncological and functional
results, without the toxicity involved with chemotherapy.
Also, primary non-surgical therapy may not be optimal for
some locally advanced laryngeal cancers, where chemoradio-
therapy could result in a non-functional larynx with chronic
aspiration, cervical esophageal stricture, and/or permanent
tracheotomy, leaving a patient without effective speech or
swallowing. In this disease where cure is the primary goal of
patient care, quality of life and survivorship concerns will
need to be more effectively addressed.

Although efforts at laryngeal preservation have been suc-
cessful for most patients with locally advanced laryngeal can-
cer, improved survival has been an elusive objective in
clinical research to date. Randomized studies of modern che-
moradiotherapy regimens in other site- and non-site-specific
head and neck cancers have demonstrated survival improve-
ments when compared to radiotherapy, but this benefit has
not been observed in laryngeal cancer studies. Perhaps this is
due to the technical feasibility and therapeutic efficacy of sur-
gical salvage on locoregional failure. However, demonstration
of a primary therapy offering a survival advantage will be the
ultimate objective.

We are certain that no single treatment approach will be
applicable to all patients. Until now, response to induction
chemotherapy has been the primary method in directing sub-
sequent locoregional management of patients with locally
advanced laryngeal cancer. Although clearly effective, it is
crude given the extent of our growing knowledge of cancer
biology. In the future, we expect it will be possible to predict
best patient response, prognosis, and quality of life associated
with various available treatments (surgery, radiation alone,
various chemoradiotherapy regimens, even chemotherapy
alone) prior to initiating treatment. Optimizing patient selec-
tion will then spare a subset of patients from toxicities of
unnecessary therapies and will also identify high-risk patients
warranting treatment intensification. Identification of specific
patient populations with good prognosis will additionally
have an impact on patient survival. The hope of individual-
ized treatment depends on the extent to which tumor biology
and patient characteristics interact and contribute to treat-
ment outcomes. The application of current scientific technol-
ogy (including DNA microarray technology, genomics, and
proteomics) in clinical research will therefore be critical for
the development of future treatment plans.

The number of molecular targets for anticancer thera-
pies is rapidly growing, and defining the roles of novel tar-
geted therapies for laryngeal cancer will require additional
research in palliative and curative settings, and possibly in
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cancer prevention. The curative potential of chemotherapy
alone as a treatment modality in laryngeal cancer supports
the development of non-toxic systemic therapies for the
prevention of head and neck cancer. Identification of appro-
priate biomarkers of disease that can be targeted with
specific therapies will hopefully result in an effective chemo-
prevention strategy. Ongoing studies of maintenance targeted
therapies, studied following curative-intent treatment of
primary disease, may lead to the next generation of
chemoprevention research.

These concerns will be addressed only in the context of
well-designed and innovative clinical trials. The addition
of translational research to clinical research will certainly
provide a biological rationale for patient and treatment selec-
tion as well. The multidisciplinary approach to patient care
and research in laryngeal cancer has led to therapies which

have revolutionized its treatment. Future research in laryn-
geal cancer will require continued active collaboration,
investment, and effort from all members of the medical
community. As in the past, advances made in the study of
laryngeal cancer are expected to transform the management
of this disease.
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