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Summary
Purpose Vorinostat is a potent HDAC inhibitor that sensitizes head and neck squamous cell carcinoma (HNSCC) to cytotoxic
therapy while sparing normal epithelium. The primary objective of this Phase I study was to determine the maximally tolerated dose
(MTD) and safety of Vorinostat in combination with standard chemoradiation therapy treatment in HNSCC. Patients and Methods
Eligible patients had pathologically confirmed Stage III, IVa, IVb HNSCC, that was unresectable or borderline resectable involving
the larynx, hypopharynx, nasopharynx, and oropharynx. Vorinostat was administered at the assigned dosage level (100-400 mg,
three times weekly) in a standard 3 + 3 dose escalation design. Vorinostat therapy began 1 week prior to initiation of standard,
concurrent chemoradiation therapy and continued during the entire course of therapy. Results Twenty six patients met eligibility
criteria and completed the entire protocol. The primary tumor sites included tonsil (12), base of tongue (9), posterior pharyngeal wall
(1), larynx (4) and hypopharynx (3). Of the 26 patients, 17 were HPV-positive and 9 were HPV-negative. The MTD of Vorinostat
was 300 mg administered every other day. Anemia (n = 23/26) and leukopenia (n = 20/26) were the most commonly identified
toxicities. The most common Grade3/4 events included leukopenia (n = 11) and lymphopenia (n = 17). No patient had Grade IV
mucositis, dermatitis or xerostomia. The median follow time was 33.8 months (range 1.6–82.9 months). Twenty four of 26 (96.2%)
patients had a complete response to therapy.ConclusionVorinostat in combination with concurrent chemoradiation therapy is a safe
and highly effective treatment regimen in HNSCC. There was a high rate of complete response to therapy with toxicity rates
comparable, if not favorable to existing therapies. Further investigation in Phase II and III trials is strongly recommended.

Keywords Head and neck cancer . Oropharyngeal cancer . Chemoradiation therapy . Organ preservation . Phase I trial in advance
stage head and neck cancer . Histone deacetylase inhibitors in head and neck cancer . HPV-related head and neck cancer

Background

Head and neck squamous cell carcinoma (HNSCC) is the 8th
leading cancer worldwide with almost 650,000 new cases

diagnosed every year and 350,000 cancer-related deaths an-
nually [1–3]. The worldwide incidence of HNSCC is also
increasing due to the emerging epidemic of human papilloma-
virus (HPV) related head and neck cancer. Two distinct clin-
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ical and molecular entities of HNSCC have been identified
based on the presence or absence of HPV in the tumor.
BClassic^ or HPV-unrelated malignancies typically occur in
individual who abuse tobacco, alcohol and have poor oral
hygiene [4]. Despite advances in surgery, radiation and che-
motherapy, the overall survival rates for HPV-unrelated can-
cers have not improved significantly over the last several de-
cades and disease specific survival remains at or below 50%
[5, 6]. Conversely, HPV-related HNSCC frequently occurs in
nonsmokers and has far superior survival rates under most
circumstances [7]. Historically, surgery and external beam ra-
diation therapy had been the mainstay of treatment for ad-
vanced HNSCC, but even with the latest reconstructive tech-
niques, surgical morbidity remains high [8–10]. The desire to
improve functional and oncologic outcomes led to several
landmark studies illustrating the feasibility and efficacy of
concurrent chemoradiation therapy regimen in lieu of surgery
for the treatment of advance stage HNSCC [11–15]. Despite
the near equivalent oncologic outcomes of these Borgan
sparing^ approaches, the toxicities resulting from these regi-
men are significant. The incidence of osteoradionecrosis, pe-
ripheral neuropathy, significant hearing loss, swallowing dys-
function and gastrostomy tube dependence vary widely in the
literature but remain a significant problem in this patient pop-
ulation. As a result, there has been intense interest in identify-
ing novel biologic agents that enhance sensitivity to cytotoxic
therapy while minimizing side effects to normal mucosa [16,
17].

Recently, histone deacetylase inhibitors (HDACi) have
been identified as a potential targeted therapy agent due to
the selective expression of histone deactylase (HDAC) in neo-
plasms. HDACs are known to alter chromatin configuration
and regulate numerous genes involved in cancer initiation and
progression [18–24]. Specifically, HDACs remove acetyl
groups from histones creating non-permissive chromatin and
suppress gene transcription [25]. Importantly, most of the
genes repressed by HDACs are tumor suppressors, cell cycle
regulators and inducers of apoptosis [25–30]. Furthermore,
HDACs deacetylate and inactivate a number of proteins and
transcription factors, post-translation [31–34]. In humans, 18
HDACs have been identified and grouped into four classes
[35, 36]. Several inhibitors of HDACs have been developed
in the last decade and many are in clinical trials for both solid
and hematologic malignancies [37–41]. In both in-vitro and
in-vivo studies, HDACi comprise a promising category of
targeted therapeutic agents with potential for cell cycle disrup-
tion, inhibition of angiogenesis, inhibition of cell proliferation
and induction of apoptosis in cancer cells but not in normal
tissues [41–45]. HDACi have also been shown to reverse re-
sistance to cisplatin therapy, sensitize tumors to radiation ther-
apy, specifically target the cancer stem cell population through
the down-regulation of nanog while protecting normal struc-
tures (including the skin) from radiation injury [46–49].

Specific to the HPV related malignancies, HDACi have been
shown to improve antigen presentation and elicit an HPV
specific T cell responses [50, 51]. Vorinostat [suberoylanalide
hydroxamic acid (SAHA), Zolinza®,L001079038, Merck
and Co.] is a pan-HDAC inhibitor which has been shown to
be well tolerated in clinical trials. Due to the frequent resis-
tance to therapy noted in HPV-unrelated HNSCC, the immu-
nologic sequellae of HPV related tumors and the significant
toxicities reported by all HNSCC patients, a novel Phase I trial
was designed to identify the maximally tolerated dose (MTD)
of Vorinostat in patients with unresectable or borderline re-
sectable laryngeal, hypopharyngeal, nasopharyngeal and oro-
pharyngeal carcinoma being treated with standard fraction-
ation external beam radiotherapy combined with cisplatin
chemotherapy.

Patients and methods

Patient eligibility

All eligible patients had: 1) pathologically confirmed
HNSCC, 2) Stage III, Stage IVa or Stage IVb disease, 3)
unresectable or borderline resectable disease involving the
larynx, hypopharynx, nasopharynx and oropharynx. Patients
were deemed unresectable if they have clinically confirmed
carotid artery encasement, skull base involvement, trismus or
deep neck musculature invasion at the time of diagnosis.
Borderline resectability was defined as those patients in which
surgery was unlikely to result in excision of all macroscopic
disease or would result in a total glossectomy, total
laryngopharyngectomy, skull base resection or carotid resec-
tion. All patients were required to be >18 years of age, be able
to provide written consent, have an ECOG performance status
of 0–2 and have adequate hematologic, renal and hepatic func-
tion. Ineligibility criteria included: 1) major surgery or trauma
within 28 days of enrollment 2) prior radiation to any of the
planned radiation field, 3) history of hypersensitivity to
HDACi or any other drug used in this study 4) active peptic
ulcer disease 5) pregnant or lactating women 6) uncontrolled
co-morbid conditions that would limit compliance with the
treatment regimen and 7) patients with active viral hepatitis
or known HIV infection.

Dosage and drug administration

Vorinostat was supplied in 100 mg gelatin capsules and pa-
tients were instructed to swallow the capsules whole with
food. For those who were unable to swallow the capsules
due to dysphagia or mucositis, gastrostomy tube administra-
tion of a Vorinostat suspension was allowed according to a
specific recipe that was formulated and tested for efficacy and
dose equivalency. Subjects were instructed to keep a pill diary
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and return the empty bottle to confirm compliance with ther-
apy. Vorinostat was administered at the assigned dosage level
(100-400 mg) three times weekly. Vorinostat therapy began 1
week prior to the initiation of radiation and cisplatin therapy
and continued during the entire course of chemoradiation.
Cisplatin (100 mg/m2) was administered during weeks 1, 4
and 7 of radiation therapy. Intensity modulated radiation ther-
apy (IMRT) planning and delivery was performed in all cases.
Radiation therapy was given over a 7 week period, 2Gy per
fraction per day, 5 days a week to a maximum of 70.2Gy. The
lymph node groups at risk were determined and their volumes
were outlined on the treatment planning CT according to
image-based nodal classifications (RTOG online nodal atlas
can be used as a reference; www.rtog.org). The suggested
dose restraints for critical normal structures included: 1)
brainstem: </= 54 Gy, 2) spinal cord: </= 45Gy, 3)
mandible: </= 70 Gy, 4) mean dose to contralateral parotid
gland </=26 Gy or at least 50% of parotid </=30 Gy 5)
Brachial plexus received no more than 5% >60 Gy but must
be </=66 Gy, 6) Cochlea: no more than 10% received >40 Gy,
7) >1% of unspecified tissue outside the targets should <110%
of the prescribed dose to PTV, 8) posterior neck received no
more than 20% >40 Gy.

Dose escalation design

This trial utilized the standard 3 + 3 dose escalation design
with Vorinostat being escalated while radiation and cisplatin
doses were held constant. Dose escalation was not considered
until at least three evaluable patients had been been observed
for 28 days following the completion of chemoradiation ther-
apy. The doses of Vorinostat studied included 100 mg MTW,
as well as 100 mg, 200 mg, 300 mg and 400 mg MWF. Intra-
patient dose escalation was not allowed. The maximally toler-
ated dose (MTD) was defined as the dose in which fewer than
2 of 6 patients experienced dose limiting toxicities (DLT).
DLT’s were defined as any of the following events: 1) febrile
neutropenia with or without infection (grade 3 or 4), 2) grade 4
neutropenia lasting for >7 days, 3) grade 4 thrombocytopenia,
4) any grade 5 hematologic toxicity 5) grade 3–4 non-
hematologic toxicity attributed to chemotherapy and/or
vorinostat excluding grade 3 mucositis and ototoxicity.
Nausea and vomiting were considered dose-limiting only if
they were not controlled with adequate antiemetic
therapy. 6) any toxicity occurring in cycle 1 that result-
ed in a dose reduction in vorinostat. Consecutive doses
of Vorinostat may be missed after Cycle 1 but five or
more doses missed will be considered a DLT 7) muco-
sitis will not be considered dose limiting unless it fails
to resolve to grade 2 with 10 day or less treatment
break 8) diarrhea that is Grade 3 and persists after the
initiation of antidiarrheal therapy. 9) Grade 3 or 4 elec-
trolyte abnormality not correctable by replacement.

Pre-treatment and follow up studies

Within 28 days of beginning therapy, patients had a complete
medical history, physical examination, vital signs, assessment
of ECOG performance status, dental evaluation, nutritional
evaluation, tumor volume assessment via imaging, CBCw/diff,
comprehensive serum chemistry panel, PTT, EKG and preg-
nancy test for female patients. During the 1 week run-in period
of Vorinostat, patients were examined for toxicities and CBC
w/diff, comprehensive serum chemistry panel and PTT were
drawn. During the 7 weeks in which the patients were receiving
Vorinostat in combination with cisplatin/radiation therapy, they
were seen weekly by a physician and toxicities were assessed
using standard NCI-CTCAEv4.03 criteria. A complete physi-
cal exam, vitals, performance status assessment, CBC w/diff,
comprehensive serum chemistry panel and PTT were drawn.
Tumor response to therapy was assessed by the surgical team
during weeks four and seven of concurrent chemoradiation

Table 1 Patient
demographics Total (n = 26)

Age [Median (SD)] 56.5 (8.3)

Race [n (%)]

Black 2 (7.7)

White 24 (92.3)

Gender [n (%)]

Male 23 (88.5)

Cigarette use [n (%)]

Yes 18 (69.2)

No 8 (30.8)

T staging [n (%)]

2 9 (34.6)

3 12 (46.2)

4 5 (19.2)

N staging [n (%)]

0 2 (7.7)

1 2 (7.7)

2 19 (73.1)

3 3 (11.5)

M staging [n (%)]

0 26 (100.0)

Overall staging [n (%)]

III 4 (15.4)

IV 22 (84.6)

HPV positive [n (%)]

Yes 17(65.4)

No 9(34.6)

P16 positive [n (%)]

Yes 17 (65.4)

No 8 (30.8)

Unknown 1 (3.9)
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therapy. Four weeks following the completion of therapy, tox-
icities were once again assessed, blood samples were drawn
and tumor response to therapy was reassessed.

Statistical analysis

Patient characteristics and responses were summarized using
descriptive statistics. Toxicities were also summarized by
grade per the NCI CTCAE v4.03 criteria using frequency
and percentage. Overall survival (OS) was calculated from
the start of treatment to death from any cause. Patients who
were still alive were censored at the date of last follow up.
Disease free survival (DFS) was calculated from the start of
treatment to disease recurrence. Patients who were disease
free were censored at the date of last follow up. Survivals were
estimated using the method of Kaplan-Meier. Statistical anal-
ysis was performed using SAS version 9.4 for Windows (SAS
Institute, Cary, NC).

Results

Study population

Twenty nine previously untreated Stage III, IVa and IVb pa-
tients consented to the clinical trial and 26 completed the
entire protocol. Two patients withdrew prior to beginning ther-
apy and one patient withdrew after receiving a single dose of
Vorinostat. The primary tumor sites included tonsil (n = 12),
base of tongue (n = 9), posterior pharyngeal wall (n = 1),
supraglottic larynx (n = 2), glottic larynx (n = 2) and hypo-
pharynx (n = 3). Table 1 summarizes the demographic and

clinical data of the study population. Of the HPV positive
patients (n = 17), 13 were smokers with greater than a 10 pack
year history.

Safety and maximally tolerated dose

Table 2 summarizes the most common adverse events that
were deemed to be at least Bpossibly related^ to the study
therapy. Anemia was the most common adverse event (n =
23), followed by leukopenia (n = 20). The most common
≥Grade 3 adverse events included leukopenia (n = 11) and
lymphopenia (n = 17). Overall, the treatment regimen was
well tolerated with a mean weight loss of 11.69% (range
0.79–20.81%), 3/26 patients requiring radiation treatment
breaks (all less than 5 days in duration), 0/26 patients devel-
oping osteoradionecrosis (ORN), and only 1/26 patients de-
veloping Grade 3 xerostomia. Figure 1 illustrates the rates of
Grade 3/4 mucositis, radiation dermatitis and weight loss.
Dysphagia and pharyngeal stricture occurred in 4/26 patients.
All of these patients returned to normal swallowing function
after a single dilation procedure (n = 3) or two dilation proce-
dures (n = 1). All patients who have completed this protocol
are able to take a full oral diet and 0/26 have required long
term G-tube alimentation.

Four dosing levels of Vorinostat were given in combination
with standard cisplatin and IMRT radiation therapy: 100 mg
MTW, 100 mg MWF, 200 mg MWF, 300 mg MWF and
400 mg MWF. Two of five patients in the 100 mg MTW
developed DLT’s. The dosing schedule was then adjusted to
every other day (MWF) with much better tolerability. Figure 2
illustrates the number of DLT’s per dosing cohort and iden-
tifies 300 mg Vorinostat as the maximally tolerated dose.

Table 2 Adverse event toxicity
frequencies AE toxicity Grade 1 Grade 2 Grade 3 Grade 4 Total

Hemoglobin 13 9 1 0 23

Leukocytes (total WBC) 3 6 9 2 20

Mucositis/stomatitis (clinical exam) - Oral cavity 5 7 8 0 20

Dry mouth/salivary gland (xerostomia) 17 1 1 0 19

Lymphopenia 0 3 7 10 20

Nausea 10 5 4 0 19

Sodium, serum-low (hyponatremia) 11 0 9 0 20

Fatigue (asthenia, lethargy, malaise) 11 7 0 0 18

Weight loss 3 11 4 0 18

Dysphagia (difficulty swallowing) 8 8 1 0 17

Platelets 13 3 0 0 16

Taste alteration (dysgeusia) 8 9 0 0 17

Glucose, serum-high (hyperglycemia) 12 2 1 1 16

Constipation 8 6 0 0 14

Vomiting 10 3 1 0 14

Albumin, serum-low (hypoalbuminemia) 6 6 0 0 12
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Response to therapy

The median follow up time for the patients enrolled on this
trial was 33.8months (range 1.6–82.9months). Twenty five of
twenty six patients (96.2%) had a complete response to ther-
apy. To date only three patients (11.5%) had a recurrence of
disease. A total of four patients in this cohort died; two of
recurrent disease and two of other causes but free from
HNSCC. One patient is alive with metastatic disease to
the lungs at 27.3 months follow up. Figure 3 illustrates
the estimated 5 year overall survival rate at 68.4% and
the median overall survival was not reached (95% CI:
52.6 months – not reached). The estimated 5 year dis-
ease free survival rate is 76.6% and the median disease
free survival was not reached (95% CI: 52.6 months – not
reached).

Discussion

This is the first clinical trial evaluating the use of Vorinostat in
combination with concurrent chemoradiation therapy for the
treatment of advanced stage, unresectable HNSCC. In this
Phase I trial, 300 mg every other day dosing of Vorinostat
was identified as the MTD and a favorable toxicity profile
was established. Although clinical response to therapy was
not the primary endpoint of this study, responses to this treat-
ment regimen have been very encouraging to date. The rate of
CR (96.2%), estimated 5 yr. overall survival (68.4%) and 5 yr.
disease-free survival (76.6%) are remarkable in light of the fact
that a variety of head and neck tumor biology was represented
in this patient cohort (HPV-related HNSCC = 17/26, Tobacco
abuse = 18/26, Larynx/Hypopharynx primary tumors = 7/26).
The estimated 5 year overall survival in this study (68.4%)
which included both HPV positive and negative patients com-
pare favorably to similar patient cohorts treated with cisplatin
and radiation therapy alone (overall survival in HPV positive
and negative patients, 70.9% and 46.2% respectively) [7].

Other important findings gleaned from this investigation
included the development and validation of a Vorinostat sus-
pension that allowed for equivalent dosing through both G-
tube and oral routes of administration (Figs. 4, 5 and 6).

Growing evidence indicates that more aggressive chemo-
radiation therapy improves local control and survival in pa-
tients with HNSCC [52]. However, better outcomes have
come at the expense of increased morbidity and mortality.
The rates of mucositis, radiation dermatitis, weight loss, pe-
ripheral neuropathy and hearing loss in the acute setting, as
well as pharyngeal/laryngeal dysfunction, feeding tube
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Fig. 1 The incidence and grade of mucositis, dermatitis and weight loss
for the patients in this trial
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dependence and osteoradionecrosis in the chronic setting are
unacceptably high [53–57]. The concept of adding another
therapeutic agent to this already toxic regimen is a difficult
one to justify. In fact, recent investigations, including RTOG-
0552: A Randomized Phase III Trial of Concurrent
Accelerated Radiation Plus Cisplatin with or without
Cetuximab, demonstrated no improvement in 3 yr. OS or
PFS but the Cetuximab arm resulted in more frequent inter-
ruptions in radiation (26.9% vs 15.1%) and increased the
Grade 3/4 toxicity rates for mucositis (43.2% vs. 33.3%),
rash, fatigue and hypokalemia [58]. In addition, single agent
SAHA has not been found to be effective against head and
neck cancer as a single agent in the recurrent/metastatic dis-
ease setting [59–62]. However, because HDAC inhibitors re-
sult in a relaxed chromatin configuration, they create a more
permissive environment for DNA double strand breaks to oc-
cur when malignant cells are exposed to cytotoxic therapy
[63]. As a result, studies have utilized SAHA in combination
with chemotherapy for HNSCC and shown that these are well

tolerated and result in tumor response [64–66]. SAHA has
also been shown to be a potent radiosensitizing agent in both
preclinical and clinical investigations [67–70]. In addition to
these observations, HDACi have been found to: 1) selectively
target radiation resistant cancer stem cells, 2) decrease tumor
inflammation, 3) down-regulate Bcl-2, NFkB, EGFR and
AKTexpression, 4) improve antigen presentation and immune
recognition of tumor, 5) increase the HPV-E7 specific T cell
response, 6) abolish osteoclastogenesis and 7) decrease cancer
cachexia and sarcopenia [46, 51, 71–75]. These data provide a
strong rationale for this trial.

The most intriguing results of this trial are the tumor re-
sponse rates coupled with a toxicity profile that is comparable
to, if not superior, to chemoradiation therapy alone. All patients
on this trial were able to complete radiation without interruption
and their mean weight loss was 11.69%. While 74.1% (20/27
patients) experienced mucositis, only 29.6% (8/27) developed
Grade 3 mucositis and no patient reached a Grade 4 level.
These results compare favorably to systematic reviews of the

Fig. 3 Five year overall survival

Fig. 4 Five year disease free survival

Fig. 5 Five year overall survival by HPV group

Fig. 6 Five year disease free survival by HPV group
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literature reporting an average of 15% of patients requiring
treatment breaks during radiation, average wt. loss of >10%,
Grade 3/4 mucositis rates of 43%, 69% rates of oral pain and
53% opioid use [54]. The low rate of radiation related dermatitis
(16/27 Grade 1/2, 1/27 Grade 3) corroborates preclinical inves-
tigations in which TNFa mediated dermatitis could be mini-
mized with this regimen. Finally, post-treatment laryngeal and
pharyngeal dysfunction is frequently encountered in this patient
populationwith studies reporting as high as a 30% rate of Gtube
use, 1 year following therapy and an 85% rate of swallowing
dysfunction on video swallowing studies [76]. Despite a
14.81% rate of pharyngeal stricture (4/27 patients) the patients
in this study responded well to esophageal dilation and all were
able to tolerate a regular diet at last follow up.

With regard to tumor response to therapy, the results are
encouraging but must be assessed with caution. The majority
of patients were HPV positive (17/26, 65.4%) and it is well
documented that these patients have superior survival out-
comes. However, the fact that this trial selected advanced,
unresectable tumors, with large volume disease (22/26,
84.6% N2, N3), significant smoking history (18/26, 69.2%
smokers) and non-oropharyngeal subsites (7/27, 25.92%) in-
dicates that further investigation, in the form of a Phase II
clinical trial, is warranted.

In summary, this investigation is the first of its kind, com-
bining SAHA with standard chemoradiation therapy for ad-
vanced stage head and neck squamous cell carcinoma. The
maximally tolerated dose of Vorinostat was 300 mg given
every other day beginning 1 week prior to and continuing
throughout the entire 7 weeks of chemoradiation therapy.
The regimen was well tolerated and effective in this patient
population. A novel gastrostomy tube formulation of
Vorinostat was created and validated for equivalency during
the course of this Phase I trial as well. Due to the encouraging
results obtained with regard to toxicity and tumor response,
additional investigations regarding mechanism of action and
clinical utility are underway.
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