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Purpose
We conducted a phase Il trial to evaluate the efficacy and safety of single-agent sorafenib in

chemotherapy-naive patients with metastatic or recurrent squamous cell carcinoma of the head
and neck (SCCHN). The primary end point was response probability (ie, confirmed complete and
partial response [PR]).

Patients and Methods
Chemotherapy-naive patients with metastatic, persistent, or recurrent SCCHN who received one

induction or fewer or received an adjuvant chemotherapy regimen, who had adequate organ
function, and who had a performance status = 1 were eligible. Sorafenib was administered orally
at 400 mg twice daily on a continuous basis in 28-day cycles. Responses were evaluated according
to RECIST (Response Evaluation Criteria in Solid Tumors).

Results
Sorafenib was generally well tolerated. Of the 41 eligible patients assessed for adverse events,

one experienced a grade 4 adverse event as a result of an asymptomatic pulmonary embolus. The
most common grades 2 to 3 adverse events were fatigue, anorexia, stomatitis/oral pain,
abdominal pain, hand-foot syndrome, weight loss, and hypertension. There was one confirmed PR
and two unconfirmed PRs. The estimated confirmed response probability was 2% (95% Cl, 0%
to 13%). The estimated median progression-free survival was 4 months (95% Cl, 2 to 4 months),
and the estimated median overall survival was 9 months (95% CI, 7 to 14 months).

Conclusion
Sorafenib was well tolerated. Although response was poor, progression-free and overall survival
times compare favorably with previous Southwest Oncology Group, phase Il, single-agent trials.

J Clin Oncol 28:3330-3335. © 2010 by American Society of Clinical Oncology

Epidermal growth factor receptor (EGFR) is
frequently overexpressed in head and neck cancers.®
A major downstream signaling route of the ErbB
family is via the Ras-Raf-MAP-kinase pathway.” Ac-
tivation of Raf kinase, via activation of Ras, is

Recurrent squamous cell carcinoma of the head and
neck (SCCHN) is a fatal disease that has a median
survival time of 6 to 8 months."” In a pooled analysis

of patients with advanced or recurrent SCCHN en-
rolled on previous Southwest Oncology Group
(SWOG), phase 1J, single-agent trials conducted in
the 1990s and in the early 21st century, the median
progression-free survival (PFS) was 3 months and
the median overall survival (OS) was 7 months.*
Phase II trials of combinations of chemotherapy that
contained a platinum during the same time period
demonstrated a median PFS of 4 months and a me-
dian OS of 8 months.*” The disease responds poorly
to chemotherapy. No accepted standard and effec-
tive therapy exists for these patients, and promising
new regimens need to be evaluated.

3330 © 2010 by American Society of Clinical Oncology

thought to play an important role in carcinogen-
esis, and in vitro evidence suggests that the level of
K-ras expression is a determinant of proliferation of
SCCHN cell lines.'>!""'* SCCHN tumors also over-
express vascular endothelial growth factor (VEGEF),
VEGEF receptor 2 (VEGFR-2), and VEGFR-3, which
have been associated with a poor prognosis.'*"”
Sorafenib (NSC 724772, BAY 43-9006, Nex-
avar; Onyx Pharmaceuticals Inc, Everyville, CA;
Bayer Healthcare Pharmaceuticals Inc, Wayne, NJ)
is an inhibitor of wild-type and mutant B-Raf and
c-Raf kinase isoforms in vitro.'® Sorafenib also in-
hibits in vitro several receptor tyrosine kinases that
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Mechanism of Action
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Fig 1. Method of action of sorafenib. EGFR, epidermal growth factor receptor;
VEGFR, vascular endothelial growth factor receptor; PDGFR, platelet-derived
growth factor receptor. Data adapted.'®

are involved in tumor progression, human VEGFR-2, murine
VEGEFR-2, murine VEGFR-3, murine platelet-derived growth factor
receptor (PDGFR) -B, Flt-3, ¢-KIT, and p38a (MAPK family). In
cellular assays, sorafenib was an inhibitor of human and murine
VEGFR-2, murine VEGFR-3, and murine PDGFR- receptor phos-
phorylation'®"? (Fig 1).

Sorafenib has broad antitumor activity demonstrated through in
vivo tumor models. It has demonstrated activity in human tumor
xenograft models with cell lines that depend on K-Ras activation as
well as in models that contain K-ras mutations. It has also demon-
strated activity against the human SKOV-3 ovarian tumor cell line that
contains a wild-type Ras but that overexpresses both EGFR and hu-
man epidermal growth factor receptor 2, which signal through the
Ras/Raf/Mek pathway.'®"”

Sorafenib may be of therapeutic value not only in human tumors
containing Ras gene mutations but also in tumors overexpressing
growth factor receptors in the Ras/Raf/Mek pathway, (as does EGFR)
and by inhibiting tumor angiogenesis or neovascularization through
inhibition of VEGFR-2, VEGFR-3, and/or PDGFR-. Therefore, even
though Ras mutations are not common in head and neck cancer,
sorafenib may be an effective downstream inhibitor of one path-
way of the EGFR signaling pathway.?® In addition, inhibition of
tumor angiogenesis may also be a useful strategy for treating SCCHN;
on the basis of these hypotheses, we felt sorafenib should be evaluated
in this disease.

Sorafenib has manageable toxicity and has been demonstrated to
improve PFS in patients with advanced clear cell renal carcinoma and
hepatocellular carcinoma as well as OS in patients with hepatocellular
carcinoma.”' ?* Sorafenib is approved for the treatment of both of
these diseases. We report here the results of the Southwest Oncology
Group phase II trial of sorafenib in patients with advanced SCCHN.

Patient Selection

Patients with histologically proven SCCHN that was metastatic at diag-
nosis or that persisted, metastasized, or recurred after definitive therapy and
that was not amenable to surgical resection were eligible. Newly diagnosed
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patients with nonmetastatic disease were not eligible. Patients must not have
received prior chemotherapy for recurrent or newly diagnosed metastatic
disease but could have received one induction or adjuvant chemotherapy,
provided at least 6 months had elapsed since the last course of chemotherapy.
Prior radiation and surgery must have been completed at least 28 days before
registration. Patients were required to have a Zubrod performance status (PS)
of 0 or 1 and measurable disease as defined per Response Evaluation Criteria in
Solid Tumors (RECIST)*®; no other concurrent antitumor therapy was al-
lowed while on study. All patients had to have adequate renal function (ie,
serum creatinine < two times the institutional upper limit of normal; ade-
quate hematologic values (ie, granulocyte count > 1,500/mm’, platelet
count > 100,000/mm?); and adequate hepatic function, (ie, bilirubin, alkaline
phosphatase, and AST or ALT = two times the institutional upper limit of
normal). Patients were excluded if they had active infection; active or prior
CNS metastases; a prior malignancy (excluding adequately treated basal cell or
squamous cell skin cancer, in situ cervical cancer, adequately treated stage I or
II cancer in complete remission, or any other cancer from which they were
disease free for 5 years); uncontrolled hypertension; significant history of
cardiac disease within 6 months of registration or cardiac ventricular arrhyth-
mias requiring medication; evidence of bleeding diathesis or on therapeutic
anticoagulation; unable to take oral medications without crushing, dissolving,
or chewing; pregnant or nursing; or on drugs known to be potent inhibitors of
the CYP3A4 enzyme. Women and men of reproductive potential must have
agreed to use an effective contraceptive method. The study was approved by
the institutional review boards at each participating institution. All patients
provided informed consent.

Study Design

The primary objective of this trial was to evaluate the response prob-
ability. Secondary objectives were to evaluate the median PFS, median OS,
and qualitative and quantitative toxicity of this treatment in this pa-
tient population.

Patients received continuous oral treatment with sorafenib 400 mg (con-
sisting of two 200-mg tablets) twice daily. Patients continued on study therapy
until one of the following occurred: disease progression, unacceptable toxicity,
significant symptomatic deterioration in the patient’s condition, treatment
delay of greater than 4 weeks, or patient request. Dose modifications were
based on interval adverse events. These included two or more episodes of
grades 1 to 4 thrombocytopenia (< 100,000/ L) or grades 3 or 4 neutropenia;
persistent (ie, > 2 weeks) symptomatic grade 2 (> 110 mmHgdiastolic) or any
grades 3 or 4 hypertension uncontrolled with antihypertensive medication;
grades 2 to 4 rash or hand-foot skin reaction; and any other grades 3 to 4
adverse event felt related to study drug. There were three dose levels: the full
dose level was 400 mg administered orally twice daily; the —1 dose level was
200 mg administered orally twice daily; and the —2 dose was 200 mg admin-
istered orally once daily. No more than two dose reductions were allowed; if
sorafenib was not tolerated at the —2 dose level, the patient was removed from
study. No dose escalations were allowed after a dose reduction. If the drug was
held for toxicity, appropriate supportive measures were provided, and toxicity
assessed at least twice a week.

Assessments

Tumor measurements by physical examination, x-ray, computed to-
mography, or magnetic resonance imaging scans were obtained within 28 days
before starting treatment and were repeated every 8 weeks while on study.
Response was evaluated according to RECIST.* Blood pressure, toxicity no-
tation, and complete blood cell count, serum chemistry, and liver function
studies were monitored weekly during the first 4 weeks of therapy and were
repeated every 4 weeks with a history and physical examination while on
study therapy.

The National Cancer Institute Common Terminology Criteria of Ad-
verse Events, version 3.0, was used for the classification of adverse events.
Patients were removed from study if treatment was held for any reason for
greater than 4 weeks or for greater than 2 weeks if held for uncontrolled
hypertension despite antihypertensive medications.
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Fresh or archival tumor tissue was requested at the time of enrollment on
the study, and biopsies of tumor tissue at the time of progression were re-
quested for subsequent biomarker analysis. We obtained baseline specimens
from 25 patients, but we obtained only two paired specimens. The data from
these correlative studies is pending and will be reported separately.

Statistics

The primary objective of this trial was to evaluate the response probabil-
ity (ie, confirmed complete and partial response [PR]) in patients with ad-
vanced metastatic head and neck cancer who were treated with sorafenib.
Secondary objectives included PES, OS, and the qualitative and quantitative
toxicity of this treatment.

A two-stage design was used for patient accrual. It was assumed that
this agent would not be of additional interest if the true response proba-
bility was less than 5% and that a true response probability of 20% or
greater would be of interest. Twenty patients were required to be entered
initially. If zero responses were observed, the study would be permanently
closed, and the agent would be concluded to be inactive. If one or more
responses were observed in the first 20 patients, an additional 20 patients
would be accrued. Five or more responses of 40 patients would be consid-
ered evidence that this agent would warrant additional study, provided
other factors, such as adverse events and survival, were also favorable. This
design had a significance level of 5% and a power of 92%.

OS and PFS estimates were calculated by using the method of Kaplan-
Meier,”® and 95% CIs for the medians were constructed by using the
method of Brookmeyer-Crowley.?” Exact binomial CIs were calculated for
response outcomes.

Table 1. Patient Demographic and Clinical Characteristics
Patients
Characteristic No. %
Total No. of patients enrolled 44
Eligible 42
Ineligible 2
Evaluable
Not evaluable and no treatment given 1
Evaluable for response 41
Evaluable for toxicity 41
Age, years
Median 63.5
Minimum 31.1
Maximum 84.2
Sex
Male 34 83
Female 7 17
Ethnicity
White 39 95
Black 2 5
Performance status
0 16 39
1 24 59
Primary site
Lip/oral cavity 9 22
Nasopharynx 1 2
Oropharynx 8 20
Hypopharynx 4 10
Larynx i1i5) 37
Other/unknown 4 10
Disease status
Newly diagnosed 2 5
Persistent 3 7
Recurrent/metastatic 36 88

Patient Characteristics

From October 1, 2004 to March 1, 2006, 44 patients were regis-
tered from 18 participating institutions. Two patients were ineligible,
both because of no documentation of measurable disease. One eligible
patient did not receive any treatment because of noncompliance and
was not analyzable for any study end point. Patient characteristics are
listed in Table 1.

Toxicity

Forty-one eligible patients were assessed for adverse events. The
drug was generally well tolerated. There was one grade 4 adverse event
caused by an asymptomatic pulmonary embolus. An additional 14
patients experienced grade 3 toxicities. The most common grade 2 or
worse adverse events were fatigue, anorexia, stomatitis/oral pain, ab-
dominal pain, hand-foot skin reaction, nausea, weight loss, and hy-
pertension. The most commonly noted adverse events are listed in
Table 2.

In addition, one of the ineligible patients experienced grade 4
cerebral ischemia (which was assessed as possibly caused by sorafenib,
as this patient was taking sorafenib at the time of the adverse event).
This patient was registered to the trial and started treatment before the
determination of ineligibility. The primary objective of this trial was to

Table 2. Common or Serious Adverse Events
No. of Patients by Toxicity
Grade

Toxicity 3 4 5
ALT/AST 0 0 0
Anemia 1 0 0
Alopecia 0 0 0
Anorexia 2 0 0
Diarrhea 1 0 0
Dry skin 0 0 0
Decubitus 1 0 0
Dry mouth 1 0 0
Esophagitis 1 0 0
Fatigue/malaise/lethargy 1 0 0
Gl pain in abdomen 0 0 0
Hand-foot 3 0 0
Hypertension 0 0 0
Hyponatremia 1 0 0
Hypoxia 1 0 0
Leukopenia 1 0 0
Stomatitis/oral cavity pain 2 0 0
Nausea 2 0 0
Somnolence 1 0 0
Neurosensory 1 0 0
Rash 0 0 0
Thrombosis/embolism 0 0 0
Thrombosis/CVA 0 1 0
Vomiting 0 0 0
Weight loss 1 0 0
No. of events as maximum grade 14 1 0
NOTE. Two patients did not experience any adverse events.
Abbreviation: CVA, cerebrovascular accident.
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evaluate the response rate. Two patients were excluded from the sta-
tistical analysis, because the documentation submitted did not sup-
port evidence of measurable disease as defined by RECIST. However,
both were treated and observed per protocol, as eligibility was deter-
mined by a central review process that did not occur in real time.
Although this patient was excluded from the analysis, we feel the event
warrants mention in this report.

Response to Treatment

Forty-one eligible patients have been evaluated for response; five
patients could not have an exact response determined because of
inadequate assessment and were counted as nonresponders. There has
been one confirmed PR (2%; 95% CI, 0% to 13%) and two uncon-
firmed PRs (7%;3 95% CI, 2% to 20%). The estimated median PFS is 4
months (95% CI, 2 to 4 months), and the estimated median OS is 9
months (95% CI, 7 to 14 months). Figure 2 represents a waterfall plot
of the maximum decrease in the sum of the longest diameters of target
lesions observed while on treatment. Twenty-one patients had either
stable disease or PR as their best response, for an estimated disease
control rate of 51% (95% CI, 35% to 67%).

To evaluate these results within the context of previous SWOG
trials in this patient population with similar eligibility criteria, we
pooled the data from three recent, single-agent, phase II trials and
from two multi-agent, phase II trials to compare the PFS and OS rates.
In the three previous phase II, single-agent trials, the median PFS was
3 months, and the median OS was 7 months. In addition, in SWOG
phase 1I trials utilizing combinations of a platinum or taxane, the
median PES was 4 months, and the median OS was 8 months.

We have demonstrated that sorafenib is reasonably well tolerated in
patients with advanced or metastatic SCCHN, as it has a toxicity
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Fig 2. Waterfall plot of the maximum decrease in the sum of the longest
diameters of target lesions observed. Patients who experienced progression as
a result of new lesions and/or clear worsening of nonmeasurable lesions are
represented as a 100% increase. Patients whose exact responses could not be
determined because of inadequate follow-up assessments are represented with
blue bars on the far left of the figure.
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profile similar to that observed in other trials with this agent. The
adverse events primarily consist of hand-foot skin reaction, manage-
able hypertension, stomatitis, fatigue, rash, and anorexia. We did
observe two serious thrombotic episodes. One was an asymptomatic
pulmonary embolus identified on a dynamic computed tomography
scan utilized for evaluation of the patient’s response. The other was a
cerebral thrombosis. This patient population is at increased risk for
these types of events, and it is not clear that these were directly
related to sorafenib, although agents that inhibit VEGF are known
to increase the risk for venous and arterial thrombosis. Larger trials
will be needed to more clearly discern the relationship of thromboem-
bolism to this agent.

We demonstrated a confirmed PR rate of 2%, an unconfirmed
PR rate of 7%, a median PFS of 4 months, and a median OS of 9
months. We also demonstrated a disease control rate of 51%. Unfor-
tunately, we did not meet our predefined primary end point of a 20%
confirmed response rate as indicative for additional study of the drug.
However, it is now generally accepted that potential benefit from this
agent and from other targeted agents that have a cytostatic rather than
cytotoxic mechanism of action may not be ideally correlated by re-
sponse rates. Sorafenib has been demonstrated to provide a clinically
and statistically significant PFS and OS benefit in patients with renal
and hepatocellular carcinomas without producing significant re-
sponse rates (10% and 2%, respectively).»** As such, our choice of a
defined response rate as the primary end point for this trial may not
have been the best method for evaluating the potential effectiveness of
this agent in this disease.

The disease control rate in this trial is encouraging, as are the PFS
and OS rates (ie, secondary end points), when compared with the
results obtained in previous SWOG trials. The PFS and OS rates
demonstrated in this phase II trial appear comparable to those ob-
tained in similarly designed SWOG phase I trials with agents with
well-defined activity in SCCHN—platinums and taxanes. These re-
sults also appear superior to those obtained in similarly designed
single-agent trials subsequently deemed to have minimal or no activity
in SCCHN. The comparator SWOG trials had similar patient popu-
lations in terms of the following eligibility criteria: All received no prior
systemic treatment for advanced metastatic head and neck cancer, had
PS 0 to 1, and had most of the same labs. At the time, there may have
been a selection bias, in which investigators put patients on the mul-
tidrug regimens if they felt those patients were better able to withstand
the additional toxicity. However, this selection bias is difficult to mea-
sure. Given the limited sample size, this was an exploratory compari-
son and was not intended to make any definitive conclusions.

There are no trials of other targeted agents given as monotherapy
ina population similar to ours. An open-labeled, multicentered, phase
II trial of cetuximab was performed in 103 patients treated with one
prior platinum-based regimen. In the single-agent phase of the trial,
the response rate was 13%, disease control rate was 46%, and median
time to progression was 70 days.*® These results were the basis for US
Food and Drug Administration approval of cetuximab for second-line
therapy in advanced SCCHN.

Elser et al*® evaluated sorafenib in 27 patients with SCCHN;
however, this was a slightly different patient population from ours.
They allowed patients to enroll if they had up to one prior systemic
therapy for recurrent or metastatic disease and if they had a PS of 2 or
less. One patient (3.7%) achieved a PR, and disease stabilization was
maintained in 10 patients (37%). The median time to progression was

© 2010 by American Society of Clinical Oncology 3333
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1.8 months, and the median OS was 4.2 months. They performed
biomarker analysis on paired tumor samples from five patients before
and after treatment with sorafenib. This analysis revealed decrease of
pERK in all five patients and a decrease in Ki67 in four patients,
consistent with a disruption of ERK signaling. The antiapoptotic pro-
tein Mcl-1 was downregulated in four patients, and there was also
some— but not as convincing— evidence of antiangiogenic activity.
Even though Elser et al*® were able to demonstrate biologic activity in
these patients, no significant clinical benefit could be documented.
Taken together, our trial and the study by Elser et al** demonstrate a
modest level of activity of sorafenib as a single agent in SCCHN. The
trial by Elser et al*® additionally demonstrates, in a preliminary fash-
ion, a biologic effect of the drug with evidence of disruption of the
EGFR-Ras-Raf-MEK-ERK signaling pathway, a pro-apoptotic effect,
and, less convincingly, an effect on angiogenesis pathways. These are
preliminary findings in only five patients and would need to be eval-
uated in a larger population of patients. Development of this agent in
SCCHN will be dependent on additional correlative studies to define
potential pretreatment biologic markers that may predict for response
to sorafenib. Other strategies could include evaluation with irradiation
or other targeted agents. Plastaras et al*® reported on the cell cycle and
antitumor effects of a combination of sorafenib and radiation and
establish in vivo that the optimal schedule would be sequential admin-
istration after irradiation rather than concurrent administration, as
sorafenib slows cell cycle progression and prevents irradiated cells
from reaching and accumulating at Gap, (G,) to mitosis (M). Thus,
an evaluation of sorafenib after radiation or chemoradiotherapy
would be interesting. Sorafenib has shown preclinical synergy with
other biologic antitumor agents, such as inhibitors of mammalian
target of rapamycin,>' protein kinase C3,’* and the proteasome.”
Such combinations may be worthwhile for exploration if additional
preclinical data were supportive. Interestingly, sorafenib has demon-
strated antagonism with classic antineoplastic drugs utilized in the
treatment of SCCHN, including paclitaxel, fluorouracil (FU), and
platinum-containing drugs, which suggests that combination with
any of these agents may not be a rational therapeutic strategy.**>”

In conclusion, additional evaluation of sorafenib as a single agent
in SCCHN is not warranted. However, on the basis of the disease
stabilization rate observed in this trial as well as its tolerability, addi-
tional study with other agents or modalities should be explored. We
await the completion of the biomarker analysis on the tissue speci-
mens obtained from patients enrolled on this trial, which may guide
development of this agent in SCCHN.
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