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Abstract Background Axitinib is an oral, potent, small mol-
ecule tyrosine kinase inhibitor with selective inhibition of
VEGFR 1,2, 3, as well as inhibition of potential downstream
effectors of the EGFR pathway. Given the upregulation of
EGFR and VEGFR in head and neck squamous cell carcino-
ma, treatment with axitinib holds promise as a rational
targeted therapy. Patients and Methods Patients with
unresectable, recurrent or metastatic head and neck squamous
cell carcinoma were included in this open label, single arm,
phase II trial. Primary endpoint was 6 month progression free
survival. All patients received single agent axitinib with
planned dose escalation based on tolerability. A planned inter-
im efficacy analysis was performed after enrollment of 30
patients. Results Forty-two patients were registered, 30 were
evaluable. While treatment was well-tolerated with no severe
bleeding events, only 19 patients were able to achieve full
planned dose. The best overall response rate was 6.7 % (two
partial responses) with a disease control rate of 76.7 %.
Median progression free survival was 3.7 months (95 %
Confidence Interval (CI): 3.5–5.7) and overall survival was
10.9 months (95 % CI: 6.4–17.8). Exploratory analysis dem-
onstrated that patients with a smaller sum of diameter of target
lesions experienced improved response rates, and better
progression-free and overall survival. Conclusion Treatment

with single agent axitinib should be considered due to accept-
able toxicity profile and favorable median overall survival
compared to standard therapies.
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Introduction

Unresectable recurrent (R) or distant metastatic (M) head and
neck squamous cell carcinoma (HNSCC) has a median sur-
vival of less than one year, and novel treatment options have
been relatively disappointing to date. Documented response
rates to cytotoxic chemotherapy in the palliative or treatment-
refractory setting typically range between 10 and 30 % with
single agent regimens and 20–40 % for multi-drug regimens.

Axitinib is an oral, potent, multi-receptor, small molecule
tyrosine kinase inhibitor, with clinical activity in multiple can-
cer types, including renal cell carcinoma and differentiated
thyroid cancers [1–4]. Axitinib inhibits several receptors in-
cluding VEGFR 1, 2, and 3, PDGFR, and c-kit [5]. Given it is
a multi-tyrosine kinase inhibitor, axitinib may also inhibit
downstream effectors in the EGFR pathways. Additionally,
the toxicity profile of axitinib is quite manageable, allowing
for patients to remain on treatment for a longer duration of
time as compared to historical controls of standard cytotoxic
agents [6].

Based on the known mechanism of axitinib and corre-
sponding dysregulated pathways in metastatic HNSCC, we
conducted a single institution phase II trial to investigate the
clinical activity of this agent in patients with unresectable
recurrent or metastatic HNSCC.
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Methods

Patient eligibility

This was a phase 2, single-arm, non-randomized, open label trial
approved by the Institutional Review Board (IRBMED) of the
University of Michigan Comprehensive Cancer Center.
Informed consent was obtained from all individual participants
included in the study. Patients ≥18 years old with unresectable
R/M HNSCC were eligible. All patients had histologically doc-
umented HNSCC, the presence of measurable disease by CT
scan, an ECOG performance status of 0–2, and a life expectancy
of ≥12 weeks. Patients had to have adequate hematopoietic, he-
patic, and renal function defined as: prothrombin time < 1.5,
white blood cell count ≥3x109 cells/ml, absolute neutrophil count
≥1.5x109 cell/ml, platelets ≥75,000 cells/mm3, hemoglobin
≥9.0 g/dL, concentrations of total serumbilirubinwithin 1.5 ×up-
per limit of normal (ULN), aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) within 2.5× institutional upper
limits of normal unless there were liver metastases in which case
AST and ALT within 5.0 × ULN, serum creatinine clearance
≥60 ml/min), urinary protein <2+ by urine dipstick (if dipstick
is >2+ then a 24- h urine collectionwas done and patients entered
only if urinary protein was <2 g per 24 h). Eligible patients were
required to have no evidence of preexisting, uncontrolled hyper-
tension as documented by two baseline blood pressure readings
taken at least 1 h apart. The baseline systolic blood pressure
readings had to be ≤140 mmHg and diastolic blood pressure of
≤90 mmHg. Women of childbearing potential must have had a
negative serum or urine pregnancy test within 3 days prior to
treatment initiation.

Patients were excluded if they had central lung lesions in-
volving major blood vessels or a tumor encasing major blood
vessels, history of hemoptysis, previous treatment with select
therapies (antiangiogenesis agents including thalidomide, in-
hibitors of epidermal growth factor (EGF), platelet derived
growth factor (PDGF), or fibroblast growth factor (FGF)),
brain metastases, history of bleeding diatheses or venous
thromboembolism. Patients were also excluded if they were
unable to ingest the drug orally.

Treatment plan

Axitinib (Inlyta™) was supplied by Pfizer Inc. Patients were
initiated on a dose of 5 mg by mouth twice daily. If there were
no grade 2 or greater toxicities, there was a planned dose escala-
tion to 7mg twice daily after twoweeks and to 10mg twice daily
after three weeks following treatment initiation. If toxicities were
encountered, escalation could be resumed at the next visit if
adverse events resolved to grade 1 or less and if the blood pres-
sure was adequately controlled (defined as systolic ≤150 mmHg
and diastolic ≤100 mmHg). The cycle length was 28 days. All
patients were continued on therapy until evidence of disease

progression, unacceptable toxicity, patient withdrawal of in-
formed consent, or investigator discretion. There was a pre-
planned interim efficacy analysis after enrollment of 25 patients
to determine 6 month progression free survival.

Pretreatment assessment of patients enrolled in the trial in-
cluded a complete history and physical examination, baseline
laboratory studies (CBC with differential, comprehensive meta-
bolic profile, thyroid stimulating hormone (TSH), urinalysis, se-
rum or urine pregnancy test as indicated), and radiographic stag-
ing studies (CT Neck, Chest, Abdomen, and Pelvis); all screen-
ing assessments were completed within 28 days prior to the start

Table 1 Patient demographics and clinical characteristics, n = 30

This table describes the baseline demographics of the patients included in
analysis for efficacy.

Age n 30

Mean 63.3

Median (range) 62 (40.0-84.0)

Gender, n (%) Male 23 (76.7)

Female 7 (23.3)

Race White 29 (96.7)

Black 1 (3.3)

ECOG performance
status, n(%)

0 (Fully functional) 19 (73.1)

1 (Minor Impairment) 7 (26.9)

Missing 4

Disease primary site Larynx 4 (13.3)

Oral Cavity 4 (13.3)

Oropharynx 16 (53.3)

Hypopharynx 1 (3.3)

Unknown primary 2 (6.7)

Other (ethmoid, nasal
cavity, lacrimal)

3 (10.0)

Location of disease, n (%) Local Recurrence 5 (16.7)

Distant Metastases 21 (70.0)

Local + Distant 4 (13.3)

HPV Positive 14 (46.7)

Negative 12 (40.0

Missing 4 (13.3)

Prior surgery 19 (63.3)

Prior radiation Therapy 30 (100.0)

Prior chemotherapy 27 (90.0)

Lines of chemotherapy 0 lines 3 (10.0)

1 line 12 (40.0)

2 lines 8 (26.7)

3+ lines 7 (23.3)

Any exposure to platinum
therapy

24 (80.0)

Exposure to platinum therapy
(first occurance)

No platinum therapy 6 (20.0)

First Line 23 (76.7)

Second Line 1 (3.3)
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of treatment. A biopsy of the primary lesion or a suspected met-
astatic lesion, when feasible, was obtainedwithin 28 days prior to
initiation of treatment.

Evaluation of response

Imaging studies for evaluation of response of target radiologic
lesions were performed starting at 8 weeks following treatment
initiation and continued at 8 week intervals. Target lesions were
followed on each imaging study and analyzed primarily by fol-
lowing the sum of the largest diameter of all target lesions.
Secondary radiologic evaluation data points included number
of lesions, size of largest lesions, and location of target lesions.

Radiologic response was assessed according to Response
Evaluation Criteria in Solid Tumors (RECIST v1.0). If there
was gross evidence of clinical disease progression based on phys-
ical examination, patients were taken off study. However, if the
physical examination raised suspicion for clinical progression,
the patient was continued on study for another 4 weeks and
reassessed clinically. When feasible, a repeat biopsy was obtain-
ed 4 weeks after treatment initiation for the purposes of correla-
tive analyses.

Statistical considerations

Treatment-related adverse events were graded according to the
Common Terminology for Adverse Events version 3.0 (CTCAE
v3). Disease control rate (DCR) was defined as the sum of pa-
tients with complete response (CR), partial response (PR) and
stable disease (SD) per RECIST v1.0. Overall survival (OS) was

Table 2 Treatment tolerability, n = 42

This table lists characteristics associated with tolerability of axitinib including need for dose reduction, duration of therapy, and reason for discontinuation

Duration of treatment

# cycles completed any dose Mean 5.1 cycles

Median (range) 3.5 cycles (1-19)

Dose Tolerated

Ever Received 10mg bid dose n (%) 19 (45.2)

Cumulative # cycles completed with 10mg bid Mean 1.7

Median (range) 0 (0-10)

Reduction Needed

any lack of acceleration or reduction n (%) 32 (76%)

Reason for treatment discontinuation, n (%)

Disease progression 31 (73.8)

Unacceptable toxicities 6 (14.3)

Patient noncompliance 2 (4.8)

Requirement to administer an excluded medication 1 (2.4)

Intercurrent Illness 1 (2.4)

Physician Discretion 1 (2.4)

Table 3 Axitinib related toxicities

This table demonstrates the major toxicities observed in patients treated
with axitinib for HNSCC

Toxicity Grade 1-2 Grade 3-4

Hypertension 10 0

Fatigue (asthenia, lethargy, malaise) 19 7

Rash: hand-foot skin reaction 5 5

Diarrhea 2 0

Mucositis/stomatitis (functional/symptomatic) 6 3

Nausea 1 0

Vomiting 1 0

Hemmorhage 2 0

Proteinuria 1 0

Pain 2 1

Thrombosis/thrombus/embolism 0 1

Table 4 Treatment efficacy, n = 30

This table describes the efficacy and outcomes seen in patients treated
with axitinib

Median PFS (95% CI) 3.7 (3.5, 5.7)

6 month PFS 30%

Median OS (95% CI) 10.9 (6.4, 17.8)

Response evaluation

Progressive disease (PD), n (%) 7 (23.3)

Stable disease (SD), n (%) 21 (70.0)

Partial response (PR), n (%) 2 (6.7)

Complete response (CR), n (%) 0 (0)

Disease control rate (SD+PR+CR), n (%) 23 (76.7)
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the defined as the time from study enrollment to death from any
cause. Progression-free survival (PFS) was defined as the time
from study enrollment until disease progression or death. Data
were censored at the last follow-up for patients who were
progression-free or alive at the time of analysis. The posterior
probability of P (defined as PFS at 6-month < 25 %) was calcu-
lated at the interim to determine if the trial needed to be halted. If
this probability was larger than 80 %, the trial was planned to be
stopped due to the lack of evidence that axitinibwas at least equal
to the standard regimen. Furthermore, we used a simulation study
at the interim. This simulation study was to determine if there
was sufficient evidence to demonstrate axitinib was more effica-
cious than the standard if we completed the planned trial. A lower
confidence interval larger than 30 % would support that axitinib
was better. Median survival times were computed using Kaplan-
Meier methods with standard error computed using
Greenwood’s formula. Differences in survival functions between
human papillomavirus (HPV) negative and positive patients
were assessed using the log-rank test. A Cox proportional haz-
ards model was used to evaluate continuous radiologic factors to
survival outcomes and the importance of each factor was deter-
mined from the algorithm of Furnival and Wilson [7]. Two-
sample t-tests were used to associate changes of (log trans-
formed) biomarkers before and after therapy to patient best over-
all response. All analyses were done using SAS 9.4 software.
P < 0.05 considered as significant.

Results

Patient characteristics

Thirty evaluable patients were enrolled. The patient character-
istics are summarized in Table 1. The mean age was 63.3 years
(range: 40.0–84.0). HPV status was available for 26 patients.
(14 vs. 12 patients, 47 % vs. 40 %, respectively).

The patients included in this study were heavily pretreated
(Table 1). All patients had previously undergone radiation
therapy and 63 % had previous oncologic extirpative surgery
at the time of initial diagnosis. Ninety percent of patients re-
ceived prior chemotherapy, with 50 % receiving more than 2
lines of palliative chemotherapy.

The study protocol had a planned interim efficacy analysis to
evaluate 6-month PFS after enrollment of 20 patients. A second
planned interim analysis was performed after the enrollment of
30 patients, at which time it was determined that 6-month PFS
was 27 %. We predicted that all future patients on study would
have to respond, but due to futility, the study was stopped.

Toxicity

Among all 42 enrolled patients, axitinib was reasonably well
tolerated (Table 2). Per protocol, there was a planned dose

escalation from 5 mg twice daily to 10 mg twice daily as
previously noted. Only 19 patients were able to receive the
10 mg dose, with mean duration of treatment of 1.7 months
(range: 0–10). A change in the plan for dose administration
(i.e. a lack of planned dose escalation or dose reduction due to
toxicity) was encountered in 36 patients (76 %). The most
common toxicity encountered was fatigue, which was seen
in 26 patients (7 [27 %] with grade 3–4 severity) (Table 3).
Hypertension was encountered in 10 patients (23.8 %), all of
which were grade 1 or 2 in severity. Two patients had bleeding
events: one patient had epistaxis and one patient experienced
bleeding from the feeding tube insertion site. Both of these
grade 2 bleeding events resolved with conservative measures
and axitinib was resumed without reoccurrence of bleeding.

Efficacy

The best overall response rate was 7 % (Table 4). No patients
achieved CR however there were two patients with PR. One
patient received 12 cycles of axitinib prior to developing gross
clinical disease progression at 22 months. The second patient
with PR received a total of 5 cycles of axitinib and similarly
was noted to have disease progression at 10 months (Fig. 1).
The DCR was 76.7 % (n = 23) with 70 % of patients noted to
SD on axitinib. The mean number of months of axitinib treat-
ment in those with disease control was 6.6 months
(range: 3–19). The median PFS was 3.7 months (95 %
CI: 3.5–5.7) with a median OS of 10.9 months (95 %
CI: 6.4–17.8) (Fig. 2). Neither OS (p = 0.59) nor DCR
(p = 0.91) was found to be statistically different in those
presenting with locoregional recurrence versus distant metastatic
disease. Although not statistically significant, a trend towards

Fig. 1 Waterfall plot. This figure graphically demonstrates maximal
tumor radiographic response to treatment with axitinib
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improved overall survival was seen in the HPV positive popula-
tion (Fig. 3).

We conducted an exploratory analysis to assess radiologic
factors associated with response. Patients with a smaller sum
of the diameter of target lesions experienced the best response
rate, progression free survival (p = 0.02), and overall survival
(p = 0.04). A higher number of lesions seemed to be associ-
ated with a worse overall response; however, this did not
achieve statistical significance (p = 0.09). Regression model-
ling was performed to analyze the relative impact of contrib-
utors to response. The longest diameter was the most signifi-
cant contributor to response (Chi2 = 7.67), followed by num-
ber of lesions (Chi2 = 4.40), and finally maximum target size
(Chi2 = 1.59).

Correlative studies

Correlative studies were performed on patient serum obtained
prior to enrollment and at various time points during trial
involvement of which samples were available for 28 patients.
Cytokines analyzed included EGF, PDGF-alpha, PDGF-al-
pha, interleukin (IL)-6, IL-8, hepatocyte growth factor
(HGF), FGF-2, and VEGF. Although there was limited data
available, it was noted that the change in IL-8 after the first
dose of axitinib was associated with response to therapy
(p = 0.037). Specifically, persistent increase in IL-8 was seen
in all patients with no response to axitinib. Amongst patients
experiencing clinical benefit, a mixed picture was seen with
patients however there was a trend towards decreased IL-8

Fig. 2 Kaplan-Meier analysis of
patient endpoints. This figure
illustrates the overall survival
(Fig. 2a) and progression free
survival (Fig. 2b) amongst our
population of patients treated with
axitinib
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levels after initiation of therapy. Analysis of the remaining
biomarkers did not reveal significant findings.

Discussion

This is the first trial to evaluate the role of axitinib in R/M
HNSCC. This single arm phase II trial demonstrates that axi-
tinib is not only is well-tolerated in heavily pre-treated R/M
HNSCC patients, but also achieves good disease control.
Although PFS was unremarkable compared to historical con-
trols, median OS was noted to be markedly increased
(10.9 months) compared to both historical controls in first line
cytotoxic chemotherapeutic regimens. In exploratory analy-
ses, patients with a smaller sum of the longest diameter of
metastatic lesions were noted to have better responses as well
as outcomes.

Tyrosine kinase inhibitors have the potential to not only
target EGFR but also other associated pathways. Multiple ty-
rosine kinase inhibitors have been studied including Gefitinib
[8–10], Erlotinib [11], Sorafenib [12, 13], and Dacomitinib
[14] (Table 5). Of the prior tyrosine kinase inhibitors studied,
the only one with anti-VEGFR activity is sorafenib, targeting
anti-VEGFR-2, PDGFR, and Raf kinase. Axitinib varies sig-
nificantly compared to sorafenib in that it targets multiple
isoforms of VEGFR (−1, −2, −3) and c-kit. The greater
targeting of VEGFR especially leads to the possibility of hav-
ing greater anti-angiogenic activity and hence clinical efficacy.
In this study, we found that although response rates were low,
axitinib demonstrated both an encouraging DCR (77 %) and
OS of 10.9 months. Despite these findings, the study was

closed at interim analysis as it failed to meet its primary
endpoint.

Treatment with axitinib was relatively well-tolerated with a
low incidence of grade 3–4 toxicities, although the majority of
patients could not tolerate the planned dose of 10 mg BID.
Our trial demonstrates relative improved tolerability with the
use of single agent axitinib, as only 40% of patients had grade
3–4 toxicities with only six patients discontinuing therapy due
to toxicities. Although bleeding is a significant concern with
VEGFR targeted therapies, our study only noted two bleeding
events which were mild in nature, neither necessitating cessa-
tion of the drug. However, we excluded patients with carotid
artery encasement due to concern of significant life-
threatening bleeding. This is a limitation to its use as many
unresectable patients have disease surrounding the carotid ar-
tery, hence necessitating systemic therapy.

Assessment of tumor response to tyrosine kinase inhibitors
can be difficult in patients with solid tumors. Tyrosine kinase
inhibitors act to inhibit further cell growth (Bcytostatic^) by a
variety of mechanisms including anti-angiogenesis. As such,
if a response to therapy is elicited, the tumor is expected to
remain stable or even mildly increase in tumor size. This phe-
nomenon has been extensively described in the base of ad-
vanced gastrointestinal stromal tumors (GISTs) being treated
with Imatinib. Furthermore, cystic attenuation and increased
tumor size on CT imaging has been shown histopathologically
to correspond to treatment effect via intratumoral hemorrhage
and myxoid degeneration rather than tumor progression [15,
16]. Based on RECIST v1.0, this pattern of treatment response
has not been adequately captured, and as a result, responding
patients have been labelled as stable disease or, in some cases,
progressing on therapy. An alternate set of response criteria

Fig. 3 Kaplan-Meier analysis of
overall survival by HPV status.
This figure illustrates overall
survival as delineated by tumor
HPV status
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known as Choi Criteria have been proposed for evaluating the
treatment effect of tyrosine kinase inhibitor therapy [17, 18].
In one study, GIST tumor patients treated with imatinib had a
48 % response rate per RECIST compared to an 84 % re-
sponse rate by Choi Criteria [19]. Additionally, only changes
as defined by Choi criteria correlated with patient-directed
endpoints, including PFS and disease specific survival [17].
Subsequent studies have demonstrated the utility of Choi
Criteria in the evaluation of other malignancies treated with
tyrosine kinase inhibitors such as metastatic renal cell carci-
noma [20]. Hence, we hypothesize that the use of Choi
Criteria in the evaluation of response might yield more accu-
rate data.

During our exploratory analyses, we noted that patients with
an overall low disease burden (demonstrated by lower sums of
the longest diameter of target lesions as well as number of target
lesions) tended to have better responses to axitinib as well as
improved clinical outcomes. This is consistent with the predom-
inantly anti-angiogenic mechanism of axitinib. As a VEGFR
inhibitor, we would expect that this would inhibit the growth of
neovascularization to small metastases much more efficiently
than large masses. This is due to the fact that not only is there a
greater degree of established vasculature supplying the larger
tumors but also larger tumors often have a degree of internal
necrosis hence limiting effective targeting [21].

We noted that HPV tumors treated with axitinib had a
trend, albeit not statistically significant, towards improved
overall survival (Fig. 3). This is the first report of activity with
a tyrosine kinase inhibitor in HPV positive patients in patients
with metastatic SCCHN [22–25].

On an exploratory correlative analysis of serum cytokines,
we demonstrated that a lack of clinical response to axitinib
was associated with progressive increase in serum IL-8 levels
following the initiation of therapy. Although fluctuations were
seen in several other cytokines, no significant results were
noted. IL-8 is a proinflammatory cytokine that acts to activate
several pathways, and in doing so, IL-8 may modulate the
tumor microenvironment. Through activation of the MAPK
signaling cascade and Akt, tumor production of IL-8 results in
promotion of endothelial angiogenesis, cell survival, and in-
creased cell proliferation [26]. Interestingly, IL-8 signaling has
been demonstrated to induce phosphorylation of VEGFR-2
[27] and has been demonstrated to mediate resistance to
bevacizumab, an anti-VEGF-A monoclonal antibody in pre-
clinical models [28]. Amongst patients with HNSCC, elevated
IL-8 levels were demonstrated to be a prognostic factor [29,
30]. Hence, we postulate that in tumors that did not respond to
treatment with axitinib, increased serum levels of IL-8 follow-
ing treatment may have reflected the ability of some tumors to
continue to activate angiogenesis through alternate cytokine
driven pathways. Although our findings are interesting, cau-
tion is warranted given the lack of a similar pattern in similar
markers (ie IL-6).

In conclusion, further evaluation with axitinib should be
considered due to its tolerability and favorable median overall
survival. Future studies are needed to define whether other
radiologic definitions of response are more appropriate in de-
fining response to tyrosine kinase inhibitor anti-VEGF thera-
py in head and neck cancer and whether improvements in
outcomes may be gained with the addition of cytotoxic che-
motherapy or checkpoint inhibitors in combination with
axitinib.
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