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9.1 Introduction

Head and neck cancers are a heterogeneous group
of malignancies, and their management requires
a multidisciplinary approach including input
from medical oncologists, radiation oncologists,
surgeons, dentists, specialized nursing care,
speech and language pathologists, physiothera-
pists, nutritionists, as well as psychologists [1].
Overall survival (OS) is improved when patients
are treated at high-volume centers [2].

Patients with early stage disease (stage I or II)
are treated with surgical resection or definitive
radiation therapy (RT) to the primary site.
Locoregionally advanced disease (stage III or IV)
is treated with a combined modality approach such
as surgery and RT with or without chemotherapy
given the increased risk of local recurrence and
distant metastasis in this patient population.
Patients with metastatic disease require systemic
therapy as well as best supportive care. Patient
prognosis is often poor with median survival
between 6 and 12 months. Therapeutic options for
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head and neck cancer patients with metastatic dis-
ease include cytotoxic chemotherapeutic agents or
molecularly targeted agents.

This chapter will describe the novel and
emerging chemotherapeutic agents in head and
neck cancer. The role for immunotherapy will be
outlined in a later chapter.

9.2  SystemicTherapy
for Locoregionally Advanced

Disease

Locoregionally advanced squamous head and
neck cancer is associated with high rates of local
recurrence of up to 50% [3-5] and rates of distant
metastases between 4% and 26% [6-8].
Chemotherapy has therefore been integrated into
the multimodality treatment plans in an effort to
improve the rates of both locoregional and distant
recurrence, as well as to reduce patient morbidity
related to surgery and radiation using a functional
organ preservation approach. These approaches
can be classified into induction chemotherapy
(neoadjuvant chemotherapy), concurrent chemo-
radiotherapy, and sequential chemoradiotherapy
(combined induction chemotherapy followed by
concurrent chemoradiotherapy). Prior to initia-
tion of a multimodality treatment regimen, indi-
vidual patient characteristics such as age,
comorbidities, performance status, and support
system should be assessed.
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Various prospective studies have validated the
role for chemotherapy in this patient population.
Although there was no survival benefit for single-
agent induction chemotherapy in comparison to
surgery or RT alone, it was found that there was
an OS benefit in patients receiving cisplatin plus
fluorouracil [9]. Concurrent chemotherapy sig-
nificantly improved OS in comparison to surgery
or RT alone [9]. In contrast, the benefit for
sequential chemoradiotherapy is still unclear
[10-13] with suggested benefit for high-risk
patients with bulky N2b, N3 nodal status, or
those with T3 or T4 disease [12].

9.3 Chemotherapy Regimens
for Locoregionally Advanced

Disease

For induction chemotherapy, a three-drug
combination of cisplatin, fluorouracil, plus a
taxane is most commonly used and is the
approach of choice [3, 14, 15]. Important tox-
icities include myelosuppression, febrile neu-
tropenia, stomatitis, dysphagia, nausea, and
anorexia [16].

For concurrent therapy in patients with good
performance status, high-dose bolus cisplatin
(100 mg/m? on days 1, 22, 43) can be adminis-
trated concurrently with RT [17]. Given the fre-
quent onset of both acute and late-onset adverse
events, other dosing regimens are sometimes
used. The most commonly associated toxicities
included hematological toxicities, stomatitis,
dysphagia, as well as nausea and vomiting, neu-
rotoxicity, and nephrotoxicity [18]. Although
not as effective as cisplatin in the treatment of
locally advanced squamous head and neck can-
cer [19], weekly carboplatin (AUC of 1.5-2) is
an appropriate choice for patients with renal dis-
ease or poor performance status [20].
Myelosuppression is an important limitation;
however, there is less neurotoxicity associated
with this treatment. Carboplatin in combination
with fluorouracil given concurrently with RT is
another approach [21].

9.4 Treatment Regimens
for Recurrent Metastatic
Disease in Previously

Untreated Patients

The median survival in patients with metastatic
head and neck cancer is poor and approaches
6-12 months depending on disease and individ-
ual patient factors, such as performance status,
presence of comorbidities, and disease-related
factors. Systemic treatment options are chosen
based on whether the patient has already received
systemic treatment as part of organ preservation
strategy or if they have already received a first-
line agent for presence of systemic or recurrent
disease. The role of traditional cytotoxic agents,
targeted molecular agents, and checkpoint inhibi-
tor therapy in the treatment of metastatic or recur-
rent head and neck cancer will be discussed in
detail herein. A small subgroup of patients with
good performance status who recur may be can-
didates for “salvage” therapy with curative intent,
but most patients require a palliative approach
using the regimens discussed in this chapter. It is
important to note that best supportive care is also
an important component to the management plan
in all of these patients.

In otherwise healthy patients with a good per-
formance status and those with advanced disease
who are not appropriate candidates for curative
therapy, combinations of platinum-based chemo-
therapy with fluorouracil or a taxane is the pre-
ferred approach [22-25]. The data supporting
this recommendation are discussed in detail
below.

Cisplatin (100 mg/m? intravenous on day 1)
and fluorouracil (1000 mg/m*day continuous
infusion over 4 days), and in comparison to
single-agent cisplatin or methotrexate, this dou-
blet regimen was associated with higher response
rates across all studies, albeit no survival benefit
was shown. For example, the EORTC Head and
Neck Cancer Cooperative Group conducted a
randomized controlled trial three arms (1) cispla-
tin, methotrexate, bleomycin, and vincristine
(CABO), (2) combination cisplatin and fluoro-
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uracil (CF), and (3) cisplatin alone in previously
untreated head and neck metastatic squamous
cell cancer. Both CABO and CF were superior in
terms of overall response rates with no difference
in progression-free survival or overall survival.
The Southwest Oncology Group (SWOG) per-
formed a randomized controlled trial of (1) CF,
(2) carboplatin plus fluorouracil, and (3) single-
agent methotrexate. Once again, both the combi-
nation regimens (CF and carboplatin plus
fluorouracil) were associated with improved
response rates in comparison to methotrexate
alone with similar median survival times across
all three groups. There was however increased
incidence of adverse events in the combination
treatment groups. Further adding to the data sup-
porting a doublet treatment regimen approach, a
study by Jacobs et al. randomized patients to
receive either cisplatin alone, fluorouracil alone,
or their combination and once again found
improved overall response rates with no signifi-
cant difference in survival outcomes. Toxicities
were more important in the combination treat-
ment arm, with alopecia and myelosuppression
being the most important. One study by Gibson
et al. failed to show any statistically significant
difference in response rate or survival between
the single-agent and combination arms, and tox-
icities were similar in both groups.

We have seen above the data for combination
therapy for fluorouracil and cisplatin or carbopla-
tin; however, both cisplatin and carboplatin have
been combined with a taxane regimen, either
paclitaxel or docetaxel. No statistically signifi-
cant benefit in response rate or overall survival
exists with this regimen; however, common gas-
trointestinal adverse events and lack of need for
prolonged infusion time make the taxane regi-
men more convenient.

Cisplatin is sometimes replaced for carbopla-
tin in the taxane combination for more frail indi-
viduals as the side effect profile is more favorable
with less ototoxicity, kidney failure, vomiting,
and neuropathy; however, this has not been vali-
dated in phase III trials.

Single-agent therapy is reserved for patients
with poor performance status and options include
single-agent taxane, cisplatin, carboplatin, or

methotrexate. Cetuximab (discussed later in this
chapter) can be added to these regimens, and as
seen in the EXTREME trial, when added to platin-
fluorouracil, confers an OS and PFS improvement
when compared to cisplatin-fluorouracil alone
[26]. Best supportive care is also an important
component to the management plan.

The role of immune checkpoint inhibition
with pembrolizumab in the first-line setting is
discussed in the final section of this chapter.

9.5 Epidermal Growth Factor
Receptor (EGFR)-Targeted

Therapy

EGFR is a member of the ErbB/Her group of
ligand-activated receptor tyrosine kinases (RTKs)
[27]. Through ligand-binding and activation of
various downstream pathways, these receptors
promote cancer cell proliferation, migration,
angiogenesis, and tumor resistance to chemother-
apy [28-32]. EGFR expression occurs in over
90% of squamous head and neck cancers, and
overexpression is associated with decreased sur-
vival, resistance to radiotherapy, locoregional
recurrence, and increased rate of distant metasta-
ses [27, 33].

9.5.1 Monoclonal Antibodies (mAb)

Against EGFR

Monoclonal antibodies targeting EFGR and used
in the treatment of locoregionally advanced squa-
mous head and neck cancer include cetuximab,
panitumumab, zalatumumab, and nimotuzumab.
Their mechanism of action is through direct inhi-
bition of ligand-receptor binding [27].

9.5.1.1 Cetuximab

Cetuximab is a highly specific, human-murine
chimeric immunoglobulin G (IgG) mAb target-
ing EGFR [27]. As demonstrated in this land-
mark randomized controlled trial by Bonner
et al., when administered at a dose of 400 mg/m?
1 week prior to RT followed by 250 mg/m?
weekly during high-dose RT in patients with
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locally advanced squamous head and neck can-
cer, cetuximab was associated with improved OS
(49.0 months compared to 29.3 months HR0.74;
p = 0.03) and locoregional control (24.4 months
compared to 14.9 months (HE 0.68; p = 0.05)
[34]), in comparison to high-dose radiation ther-
apy alone. Progression-free survival was also
improved in the combination treatment arm.
This improvement in outcome was particularly
important in patients 65 years of age or less with
good performance status, albeit the study was
not powered to detect differences in subgroups.
In this study, there were no statistically signifi-
cant difference in the incidence of grade 3 or
higher adverse events; however, patients treated
with cetuximab may have higher incidence of
serious radiation dermatitis and another rare, but
important side effect is the occurrence of
cetuximab-induced infusion reaction, particu-
larly in the first cycle. Interstitial lung disease
was also an important side effect [35]. Current
available data did not show any benefit to the use
of concurrent cetuximab plus cisplatin with RT
and is therefore not currently indicated in the
treatment of locally advanced squamous head
and neck cancer [36]. In the metastatic setting, a
randomized, phase III clinical trial in patients
with recurrent or metastatic squamous head and
neck cancer the addition of cetuximab was com-
pared with cisplatin/carboplatin plus fluoroura-
cil. Chemotherapy plus cetuximab was associated
with prolonged OS, PFS, and response rates. The
main toxicities associated with the addition of
cetuximab in this trial were severe hypomagne-
semia, rash, and sepsis [26].

9.5.1.2 Panitumumab

Panitumumab is a fully humanized IgG anti-
EGFR mAb, and like cetuximab, it inhibits EGFR
ligand-dependant activation. Multiple prospec-
tive and randomized studies have failed to show
an overall survival benefit in adding panitu-
mumab to concurrent regimens in head and neck
cancer, and its use is also associated with
increased toxicity such as grade 3 rash or muco-
sal inflammation [37—40]. There was however a
survival benefit pl16-negative patients in the met-
astatic setting [41].

9.5.1.3 Zalutumumab

Zalutumumab, another fully humanized IgG anti-
EGFR, works in a similar fashion as cetuximab
and zalutumumab. Similar to panitumumab,
zalutumumab has failed to show any benefit in
the treatment of patients with squamous cell head
and neck cancer in multiple phase III randomized
controlled trials [42—44].

9.5.1.4 Nimotuzumab

Nimotuzumab, another fully humanized IgG
anti-EGFR is now being compared to the admin-
istration of cisplatin in phase III trials in the man-
agement of locally and regionally advanced
nasopharyngeal carcinoma when administered
during radiotherapy following preoperative
chemotherapy.

9.5.2 Tyrosine Kinase Inhibitors
(TKI) Against EGFR

The intracellular domain of EGFR has important
tyrosine kinase activity. TKIs serve to inhibit the
activation and subsequent phosphorylation of
EGFR [27]. In contrast to EGFR mAb, the small
nature of these molecules allow for good GI
absorption and therefore are prescribed orally in
a daily fashion [27]. At the time of writing of this
text book, TKIs are under review in several ran-
domized, controlled trials, and none of the TKIs
have been approved in the treatment for squa-
mous head and neck cancer.

9.5.2.1 Gefitinib

In a randomized phase III trial, the addition of
gefitinib to docetaxel did not improve survival for
patients with recurrent or metastatic head and
neck cancer [45] despite a phase II trial showing
an overall response rate of 10.6% [46].

9.5.2.2 Erlotinib

Erlotinib, the second most common TKI was
combined with cisplatin and compared to cispla-
tin alone in a phase II trial in which the cisplatin
was given concurrently with definitive RT. In this
study, there was no improvement in the response
rate or survival [47].
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9.5.2.3 Lapatinib

Lapatinib, a dual TKI, selectively inhibits the acti-
vation of EGFR as well as HER-2 [27]. A phase II
trial compared the addition of lapatinib to stan-
dard chemoradiotherapy and showed promising
results for the complete response rate in patients
with locally advanced squamous head and neck
cancer [48]. At this time, no benefit was shown in
survival. In the metastatic setting, no objective
response rate was observed in a phase II trial [49].

9.5.2.4 Afatinib

Afatinib is an irreversible TKI and, similarly to
lapatinib, binds to the Erb2 receptor to inhibit
EGFR [27]. Preliminary results from a phase II
trial in the metastatic setting showed that there is
significant disease activity for afatinib, and that it
may be comparable to cetuximab [50]. It is cur-
rently being studied in the locally advanced
setting.

9.5.2.5 Dacomitinib

Dacomitinib is an irreversible tyrosine kinase
inhibitor for both EGFR and HER2. Two phase II
clinical trials in recurrent or metastatic head and
neck cancer demonstrated important clinical
activity with the most common grade 3 adverse
event being diarrhea [51, 52]. Exploratory analy-
ses suggest that certain subgroups of patients
with specific biomarkers may have improved
responses to dacomitinib, but these findings need
to be validated in phase III randomized control
trials before their implementation into clinical
practice.

9.6 Vascular Endothelial Growth
Factor Receptor (VEGFR)-

Directed Therapies

Vascular endothelial growth factor is an impor-
tant cytokine for tumor angiogenesis, which is
essential for tumor growth and metastatic dis-
semination [27]. Overexpression of VEGFR in
patients with squamous head and neck cancer is
associated with worse OS [53], making the
VEGEFR pathway an appealing therapeutic target.

The VEGFR-directed therapies currently being
studied in clinical models in squamous head and
neck cancer include bevacizumab, sorafenib,
sunitinib, and vandetanib. Other VEGF inhibitors
that are currently under investigation for head
and neck cancers include pazopanib, axitinib,
nilotinib, and linifanib [54-57].

9.6.1 Monoclonal Antibodies (mAb)

Against the VEGFR

9.6.1.1 Bevacizumab

Bevacizumab is an antiangiogenic mAb against
VEGFR. A phase II study in patients with locally
advanced squamous head and neck cancer com-
pared the addition of bevacizumab to concurrent
radiation therapy with cetuximab and peme-
trexed. The addition of bevacizumab increased
toxicity without improvement in efficacy or clini-
cal outcomes [58]. Another phase II trial in squa-
mous head and neck patients with locally
advanced disease studying the addition of bevaci-
zumab to concurrent intensity-modulated RT
with cetuximab and cisplatin was associated with
favorable clinical outcomes with the most com-
mon grade 3 adverse events being lymphopenia,
mucositis, and dysphagia [59]. In the metastatic
setting, a phase Il trial showed an overall response
rate of 30% with the addition of bevacizumab to
pemetrexed with frequent (15%) bleeding
adverse events [60].

9.6.2 Tyrosine Kinase Inhibitors
(TKIls) Against VEGFR

9.6.2.1 Sorafenib

Sorafenib is a multiple kinase inhibitor targeting
VEGFR, RAF, and platelet-derived growth factor
receptor (PDGFR) [27]. To date, evidence has
been conflicting with two phase II trials in the
recurrent or metastatic setting showing little clin-
ical activity [61, 62] and a more recent phase II
trial showing an overall response rate of 55%
with the combination of sorafenib with paclitaxel
and carboplatin [63].
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9.6.2.2 Sunitinib

Sunitinib, a second multiple kinase inhibitor tar-
geting VEGFR, PDGFR, RET, and c-kit was eval-
uated as palliative monotherapy in patients with
metastatic head and neck cancer [27]. Outcomes
were poor with a significant amount of grade 3-5
hemorrhage [64]. A second study was closed after
interim analysis due to only one out of the 19
patients in the study showing partial response [65].

9.6.2.3 Vandetanib

Vandetanib has activity against EGFR, VEGFR,
and RET [27]. Currently its use has only been
shown to be feasible in the phase I setting [66]
with preclinical data showing it may overcome
resistance to EGFR as well as RT [67].

9.7  P13K/AKT/mTOR Pathway

Inhibitors

An important therapeutic hurdle to the use of
EGFR and VEGFR inhibition is resistance to
these molecules, either primarily or by prolonged
use [68]. Prolonged treatment with EGFR can
induce initiation of feedback loops thereby acti-
vating the P13/AKT pathway which promotes
protein synthesis, cell survival, and tumor growth
[27]. The mTOR pathway is another important
pathway promoting tumor growth through regu-
lation of cell proliferation, cell motility, and pro-
tein synthesis and has shown to be stimulated in
57-81% of patients with squamous head and
neck cancer [27]. Temsirolimus is an mTOR
inhibitor that was studied in a phase II trial in
patients with cetuximab-resistant metastatic
squamous head and neck cancer. This study
showed a nonstatistically significant improve-
ment in response rate. Two other studies evaluat-
ing the combination of temsirolimus with
erlotinib and everolimus (a second mTOR inhibi-
tor) with cetuximab and cisplatin were termi-
nated early due to toxicity [69-71].

9.8 Palbociclib

Palbociclib, a selective cyclin-dependant
kinase (CDK) 4/6 inhibitor was evaluated in a

phase II trial of patients with platinum-resis-
tant recurrent or metastatic head and neck
squamous cell carcinoma. This study showed
encouraging response rates of 35% with
improved PFS and OS in comparison with sim-
ilar patient cohorts [72].

2.9 Immune Checkpoint

Inhibitors

The advent of immune checkpoint inhibitors has
revolutionized the therapeutic landscape in many
solid tumors and is now emerging as an important
therapeutic option in the treatment of metastatic
head and neck cancer.

At the time of writing of this text, the data on
the use of immune checkpoint inhibitors in the
first-line setting have been presented in abstract
form only and therefore should be interpreted
with caution until regulatory authorities approve
these agents in this setting. Nevertheless, the pre-
liminary results are promising and merit
discussion.

In an open-label, phase III, randomized con-
trolled study (NCT02358031), patients were ran-
domly assigned to single-agent pembrolizumab,
a PD-L1 inhibitor, versus pembrolizumab plus
flourouracil/platinum combination, versus cetux-
imab and a fluorouracil/platinum combination.
Patients were stratified based on PD-L1 score
which was evaluated using the combined positive
score (CPS). Single-agent pembrolizumab
improved OS in comparison to the cetuximab and
fluorouracil/platinum combination in patients
with a high CPS score (above 20). Overall sur-
vival in the pembrolizumab arm was 14.9 months
compared to 10.7 months. Strangely, this OS
benefit did not translate in an improvement in
PFS or response rate. As expected, toxicity was
less in the single-agent pembrolizumab arm. A
similar benefit in OS was seen in the pembroli-
zumab and fluorouracil/cisplatin arm
(13.0 months compared to 10.7 months), and
once again no significant differences were seen in
response rates or PFS.

In the second-line setting, pembrolizumab
was recently approved in the second-line setting
for patients with metastatic head and neck squa-
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mous carcinoma. The KEYNOTE-040 random-
ized controlled, phase III trial of patients who
had failed standard platinum-based chemother-
apy was randomized to either pembrolizumab or
standard of care with either methotrexate,
docetaxel, or cetuximab [73]. Crossover was
allowed at progression. There was a small but
non-negligible improvement in overall survival
in the pembrolizumab group of 8.4 months ver-
sus 6.9 months, and this benefit was most impor-
tant in those with PDL-1 expression greater than
50%. There were less grade 3 or higher adverse
events in the chemotherapy arm, but as expected
a higher incidence of grade 1-2 immune-related
adverse events, hypothyroidism being the most
common. As a result of these studies and two
other studies showing favorable response rate,
pembrolizumab was approved by the FDA for the
treatment of recurrent or metastatic head and
neck squamous cell carcinoma at a dose of
200 mg intravenous every 3 weeks.

In a phase III randomized controlled study in
the second- and later-line settings in patients with
recurrent or metastatic head and neck squamous
cell carcinoma, nivolumab, a PD-1 inhibitor dem-
onstrated an overall survival benefit (7.7 months
versus 5.1 months), and this was most important
for patients with PDL-1 status more than 1% [74].
It is important to note that crossover was not
allowed in this study. Based on the results of this
study, the FDA approved nivolumab in this setting,
at a dose of 240 mg intravenous every 2 weeks.

Darvalumab, another PD-1 inhibitor, has
shown clinical activity in a phase II study of
patients with recurrent or metastatic and previ-
ously treated squamous cell head and neck can-
cer [75]. The role for ipilimumab, a CTLA-4
inhibitor, is currently undergoing investigation
(NCT02369874).

9.10 Oligometastatic Disease

In carefully selected patients with oligometa-
static disease (limited metastatic disease) good
performance status and who are good candidates
for aggressive management, it may be reasonable
to consider metastasectomy. As seen above, one
of the most common sites of metastasis for head

and neck squamous cell carcinoma is the lung.
Around 30% of patients with metastatic head and
neck squamous cell carcinoma who undergo pul-
monary metastatecomy experience long-term
survival. Poor prognostic factors in this approach
include male sex, oral cavity lesions, lymph node
involvement, and incomplete resection [76-78].

9.11 Drug Resistance

Despite significant improvements in the survival
rates and organ preservation seen in the treatment
of head and neck cancer care, significant chal-
lenges still exist as many patients experience
drug resistance. Sensitivity to chemotherapeutic
agents is associated with tumor heterogeneity,
which is a result of patient factors (ethnic differ-
ences, age, weight, gender), and genetic differ-
ences in clonal tumor cells [79]. Mechanisms of
resistance will be discussed in this section of this
chapter.

Firstly, decreased concentration of antineo-
plastic agent within the tumor cells is an impor-
tant mechanism of resistance and is thought to
occur through a ATB-Binding Cassette (ABC)-
mediated mechanism [80]. The ABC plays an
important role in the transportation of antineo-
plastic treatments outside of the cell and also
transports nutrients within the tumor cells thus
allowing for drug resistance.

Secondly, head and neck squamous carcinoma
cells are able to perform DNA repair, mediated by
base-excision repair (BER). For example, poly-
morphisms in genes encoding BERs have been
described, such as ERCCI1 (C8092A), which
plays a role in mRNA stability and DNA repara-
tion capability, and ERCC1 expression may be
associated with improved chemoradiation sensi-
tivity perhaps clinical outcome as well [81].

Thirdly, there is an increased capability of
tumor dissemination through a variety of mecha-
nisms. For example, tumors that show an overex-
pression of p53 are resistant to both chemo and
radiation therapy, and this has been associated
with increased tumor progression and decreased
survival rates [82]. There may also be increased
chemoresistance through matrix metalloprotein-
ase (MMP) through a Fas/FasL-mediated fash-
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ion, as some studies have indicated that
polymorphisms in MMPs are independently
associated with increased chemotherapy resis-
tance [83].

Lastly, inactivation of antineoplastic drugs
within the tumor cells can occur, also contribut-
ing to resistance. This may be particularly impor-
tant for EGFR-mediated resistance, as EGF
expression may be critical for maintaining tumor
cell proliferation, and thus perhaps resistance to
cetuximab [84]. However, it is still not been
determined which of the EGFR ligands predict
response to anti-EGFR treatment in patients with
squamous cell carcinoma head and neck cancer.
Resistance may also be due to autocrine growth
factor production [85]. More data are required in
order to fully elucidate the mechanisms of resis-
tance to single-agent cetuximab, but this may be
related to the capability of EGF to inhibit epithe-
lial differentiation, and this may be in a cancer
stem cell-related fashion [86, 87].

These findings prompt the need for continued
search for biomarkers for resistance, with the
goal of a personalized approach when prescrib-
ing therapy for head and neck squamous cell car-
cinoma patients.

9.12 Conclusions and Future
Directions

The treatment of head and neck cancer continues
to be challenging due to its heterogeneous nature
as well as its increased incidence of resistance to
conventional chemoradiation as well as targeted
therapy. The distinct responses of HPV-positive
and HPV-negative patients require further study.
Advancements in elucidation of cancer cell biol-
ogy have allowed for the development of several
targeted therapies; however, more phase III trials
need to be undertaken in order to implement
these targeted therapies in daily practice.
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