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Background: Simultaneous chemotherapy with vascular endothelial growth factor (VEGF) inhibition has not shown additional
benefit over chemotherapy alone in advanced melanoma. We tested administration of the potent VEGF inhibitor axitinib followed
by paclitaxel/carboplatin to determine whether enhanced tumour proliferation during axitinib withdrawal leads to sustained
chemosensitivity.

Methods: We conducted a prospective phase II trial in metastatic melanoma patients with ECOG performance status 0–1 and
normal organ function. Axitinib 5 mg PO b.i.d. was taken on days 1–14 of each 21-day treatment cycle, and carboplatin (AUC¼ 5)
with paclitaxel (175 mg m� 2) was administered on day 1 starting with cycle 2. 30-Deoxy-30-18F-fluorothymidine (18F-FLT)-PET scans
were performed in five patients to assess tumour proliferation on days 1, 14, 17, and 20 of cycle 1. Molecular profiling for BRAF was
performed for all patients with cutaneous, acral, or mucosal melanoma.

Results: The treatment was well tolerated. The most common grade 3 AEs were hypertension, neutropenia, and anaemia. Grade 4
non-haematologic AEs were not observed. Four of five patients completing 18F-FLT-PET scans showed increases (23–92%) in SUV
values during the axitinib holiday. Of 36 evaluable patients, there were 8 confirmed PRs by Response Evaluation Criteria in Solid
Tumors. Overall, 20 patients had SD and 8 had PD as the best response. The median PFS was 8.7 months and the median overall
survival was 14.0 months. Five BRAFV600E/K patients had significantly worse PFS than patients without these mutations.

Conclusions: Axitinib followed by carboplatin and paclitaxel was well tolerated and effective in BRAF wild-type metastatic
melanoma. 30-Deoxy-30-18F-fluorothymidine-PET scans showed increased proliferation during axitinib withdrawal.
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Metastatic melanoma is an aggressive malignancy that claims over
8000 lives in the United States annually (Jemal et al, 2010). The
development of potent, selective BRAF inhibitors has revolutio-
nised the treatment of patients with melanoma harbouring
activating BRAFV600E and BRAFV600K mutations (Flaherty et al,
2010; Chapman et al, 2011; Falchook et al, 2012; Sosman et al,
2012). However, patients whose tumours do not have BRAF
mutations, B50% of all melanoma patients, have fewer options.
These include the anti-CTLA4 antibody, ipilimumab, which has a
relatively low response rate and modest survival benefits for most
patients (Hodi et al, 2010; Robert et al, 2011), and chemotherapy
alone (Algazi et al, 2010), which has an unclear survival benefit.
Thus, additional treatment options for these patients are urgently
needed.

Agents targeting vascular endothelial growth factor (VEGF)
signalling have demonstrated efficacy in multiple solid tumours
including colorectal carcinoma (Hurwitz et al, 2004; Saltz et al,
2008), non-small cell lung cancer (Sandler et al, 2006), renal cell
carcinoma (Motzer et al, 2009; Rini et al, 2011), and ovarian cancer
(Perren et al, 2011), often in combination with cytotoxic
chemotherapy. Melanoma metastases express high levels of VEGF
(Salven et al, 1997; Ugurel et al, 2001; Demirkesen et al, 2006),
increased VEGF signalling is associated with increased tumour cell
survival (Graells et al, 2004), and VEGF inhibition arrests tumour
growth in melanoma xenografts (Oku et al, 1998). However, results
of large clinical trials targeting VEGF in combination with
chemotherapy have been disappointing. For example, a rando-
mised phase III trial of carboplatin and paclitaxel with and without
sorafenib, which targets VEGF receptors 1, 2, and 3, demonstrated
no improvement in objective tumour response, progression-free
survival (PFS), or overall survival (OS) with the addition of
sorafenib to chemotherapy (Hauschild et al, 2009).

Axitinib is a highly potent, selective inhibitor of VEGF 1, 2, and
3 with substantial single-agent activity in melanoma (Fruehauf
et al, 2011). In phase II testing, axitinib induced objective tumour
response in 18.8% of patients with a median PFS of 3.9 months and
a median OS of 6.2 months. We conducted a prospective, single-
arm, phase II study of axitinib dosing in combination with
carboplatin and paclitaxel, a commonly used cytotoxic regimen in
metastatic melanoma (Rao et al, 2006; Hauschild et al, 2009; Kim
et al, 2012). Our hypothesis is that administration of axitinib with
carboplatin and paclitaxel leads to prolonged PFS. We also
explored whether interruptions in axitinib dosing increased
tumour proliferation using 30-deoxy-30-18F-fluorothymidine (18F-
FLT)-PET imaging. This is based on recent clinical 18F-FLT-PET
data suggesting that VEGF inhibition may decrease tumour
proliferation thereby decreasing the efficacy of cytotoxic agents
(Hoh et al, 2011). If confirmed, these findings would suggest that
interruptions in dosing of axitinib could enhance the efficacy of
combination therapy.

MATERIALS AND METHODS

Study design. This was a prospective, single-arm, phase II clinical
trial. The Scientific Review Committee and Institutional Review
Board at the University of California, San Francisco, CA, USA
approved the trial. Accrual began in August 2010 and was
completed in February 2012.

Patients. Eligible patients had histologically or cytologically
confirmed stage IV or unresectable stage III melanoma. Patients
were required to have an ECOG performance status of 0 or 1;
adequate bone marrow function (including an absolute neutrophil
count X1.5� 109 l-1, haemoglobin X9 g dl-1, and platelets
X100� 109 l-1): and adequate renal (creatinine p1.5 times the
upper limit of normal), and hepatic function (total bilirubin p1.5

times the upper limit of normal, AST and ALT p2.5 times the
upper limit of normal or p5 times the upper limit of normal liver
function abnormalities were due to underlying malignancy).
Patients with uncontrolled hypertension were excluded as were
patients with a history of haemoptysis or GI bleeding, a history of
abdominal fistula or perforation, or a history of significant
cardiovascular events within the past 6 months. Up to three prior
lines of therapy were enrolled as long as these did not include
carboplatin or paclitaxel. Patients with treated brain metastases
were allowed as long as these had been stable for at least 4 weeks.

Study treatment. Patients started with axitinib 5 mg by mouth
twice daily on days 1–14 of each 21-day cycle. Subsequently, on
cycle X2, day 1 patients received carboplatin (AUC¼ 5) with
paclitaxel (175 mg m� 2) with axitinib dosed days 1–14 as in cycle
1. Dose reductions of all study drugs were made for significant
treatment associated toxicities including severe neutropenia, febrile
neutropenia, or thrombocytopenia. Patients completing X6 cycles
of chemotherapy were offered axitinib monotherapy with
continuous daily dosing at the discretion of the patient and the
investigator. Treatment was discontinued for patients requiring
more than two dose reductions. Adverse events were graded using
the Common Terminology Criteria for Adverse Events version 4.0.

30-Deoxy-30-18F-fluorothymidine-PET imaging. 30-Deoxy-30-18F-
fluorothymidine -PET/CT images were acquired from vertex to
toes 45–60 min after IV administration of 160–195 MBq of 18F-FLT.
The axial field of view covered 14.5 cm, with an axial sampling
thickness of 5 mm per slice. A whole-body noncontrast-enhanced
CT scan was also acquired using either a Siemens Biograph (Siemens
Medical Solutions USA, Inc., Malvern, PA, USA) or a GE VCT 64-
detector helical CT system (GE Medical Systems, Waukesha, WI,
USA) for anatomic localisation and attenuation correction. The
following parameters were used: 130 kVp, 120 mA, 1-s tube rotation,
5-mm slice collimation. All PET images were analysed quantitatively
by measuring the maximal standardised uptake values (SUVmax) and
compared with non-affected lymphoid organs and the mediastinal
blood pool. The single maximum pixel value within the one slice
with the highest radioactivity concentration was detected (SUVmax)
The sum of target lesion SUVmax values was calculated for each
patient at each time point and these sums were compared across
time points for each patient.

Response assessment and statistics. Tumour responses were
evaluated after the completion of 9 weeks of treatment and every
6 weeks thereafter by an independent, unblinded radiologist using
the Response Evaluation Criteria in Solid Tumors version 1.1
(Eisenhauer et al, 2009). Partial and complete responses were
confirmed at least 4 weeks after the initial response. The estimated
objective response rate for the therapeutic combination was
calculated with a 95% confidence interval (CI) using the exact
binomial distribution. Stable disease was defined as the absence of
objective response and the absence of disease progression for at
least 13 weeks (3 months). The OS and PFS were estimated using
the Kaplan–Meier method (Kaplan and Meier, 1958). Post hoc
subgroup comparisons were made using the log-rank test. No
adjustment was made for multiple comparisons given the
exploratory nature of these tests. The statistical software package
SPSS (IBM North America, New York, NY, USA) was used to
compute trial results.

Genotyping and subgroup analysis. BRAF mutation detection
was performed by Sanger sequencing of exon 15 in forward and
reverse direction for all patients, with the exception of patients with
uveal melanoma. Mutation testing of NRAS (exons 1 and 2),
GNAQ and GNA11 (exon 5), and KIT (exons 9, 11, 13, 17, and 18)
was performed depending on the BRAF mutation status and the
clinical context.
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RESULTS

Patients and treatment. A total of 40 patients with advanced
melanoma were consented for this study. Two patients were lost to
follow-up before a single cycle could be completed and hence were
not included in the analyses. Patient characteristics for the
remaining 38 patients are described in Table 1. Two additional
patients with cutaneous melanoma discontinued treatment due to
toxicity within the first 3 weeks, before the first infusion of
paclitaxel/carboplatin. Both of these patients were considered to be
evaluable for toxicity but not for response. One patient developed a
congestive heart failure exacerbation within the first 2 weeks of
receiving axitinib. A second patient had baseline pancytopenia,
which worsened with 2 weeks of axitinib monotherapy. In total, 36
patients were considered to be evaluable for both toxicity and
response. Of these 36 patients, 25 were treatment naive, 7 had one
prior line of therapy, 2 had two prior lines of therapy, and 2 had
three prior lines of therapy. Among the 36 evaluable patients, 14
opted to pursue continuous axitinib monotherapy after an average
of 8.1 months (±3.6 months).

Toxicity. The most common grade 3 and 4 toxicities were
haematologic with eight patients (21%) developing grade 3 or 4
neutropenia, one patient with febrile neutropenia, two patients
(5%) with grade 3 thrombocytopenia, and one patient (3%)
developing grade 3 anaemia. Additional grade 3 and 4 adverse
events included grade 3 hypertension in six patients (16%), oral
mucositis, and syncope. One patient developed congestive heart

failure after 9 days of treatment with axitinib alone. The patient’s
symptoms resolved to baseline with medical management and he
died 2 months later from progression of melanoma. Overall, 23
patients had dose interruptions due to toxicity, most commonly for
thrombocytopenia (N¼ 8), neutropenia (N¼ 6), and hypertension
(N¼ 4). In addition, 13 patients required dose reductions for
toxicity including hypertension (N¼ 4), and thrombocytopenia
(N¼ 3). One patient permanently discontinued treatment owing to
ataxia. A list of all grade 3 and 4 adverse events thought to be
possibly, probably, or definitely related to treatment on study is
given in Table 2. A summary of adverse events of any grade with
the incidence of at least 10% that were at least possibly related to
treatment on study is given in Supplementary Table A1.

Response and survival. The median PFS was 8.7 months (95% CI
5.5–12.0) and the median OS was 14.0 months (95% CI 10.0–17.9;
Figures 1 and 2). Among the 36 evaluable patients, 19 (52.8%) were
progression free at 6 months, 8 of the 36 patients evaluable for
response had confirmed partial responses, and an additional 16

Table 1. Patient demographics (N¼38)

N %

Gender
Male 26 68
Female 12 32

Stage
Unresectable stage III 1 3
M1b 5 13
M1c 32 82

Prior treatment
Temozolomide 7 16
IL2 2 5
BRAFi±MEKi 4 8
Sorafenib 1 3
Ipilimumab 2 5
Mel48 vaccine 1 3
None 25 68

Baseline LDH
Normal 16 42
Elevated 22 58

ECOG PS
0 24 63
1 14 37

Primary type
Cutaneous 30 79
Mucosal 4 11
Ocular 3 8
Acral 1 3

Genotype

BRAFV600E/K 6 16
BRAFL597R 1 3
NRAS 8 21
Uveal (1 GNA11Q209L, 1 BRAF wt, 1 untested) 3 8
WT (no mutation identified) 20 53
Abbreviations: ECOG PS¼Eastern Cooperative Oncology Group Performance Status;
IL2¼ interleukin 2; WT¼wild type. Mean age¼ 65.4 years (s.d.¼ 10.6 years).

Table 2. The incidence of grade 3 and 4 adverse events that
were at least possibly related to treatment on study is shown

Grade 3
(%)

Grade 4
(%)

All grades
(%)

Haematological
Neutropenia 11 11 32
Thrombocytopenia 5 — 32
Anaemia 3 — 21
Febrile neutropenia 3 — 3

Vascular
Hypertension 16 — 47

Musculoskelatal
Generalised muscle weakness 3 — 34

Gastrointestinal
Mucositis oral 3 — 16

Metabolism/nutrition
Dehydration 3 — 8

Infectious
Appendicitis 3 — 3

Cardiac
Heart failure 3 — 3

Neurological
Syncope 3 — 3

Reproductive
Vaginal haemorrhage 3 — 3

Only the highest-grade toxicity was included for each patient.
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Figure 1. Kaplan–Meier curve showing progression-free survival in
BRAFV600E/K-mutant and BRAFV600E/K wild-type patients.
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patients (44.4%) had stabilisation of disease as the best response for
an objective response rate of 22% (Figure 3) and a disease control
rate of 66.7%.

30-Deoxy-30-18F-fluorothymidine-PET. Five patients completed
both pre- and post-treatment 18F-FLT-PET scans (Figure 4).
One patient had minimal 18F-FLT uptake at baseline. In two
patients, decreases in the sum of maximum 18F-FLT uptake
values were noted (25.2% and 48.3%) on day 14 of axitinib
therapy followed by increases of 43% and 28.2% from their
nadirs, respectively, during the treatment holiday. Another
patient had an increase of 23% on day 14 and an increase of 57%
from baseline after the 7-day treatment holiday. A fifth patient
did not undergo a follow-up 18F-FLT-PET study on day 14, but
had a 95% increase in 18F-FLT uptake from baseline by the end
of the treatment holiday.

Molecular analysis. Three patients on trial had BRAFV600E

mutations, three had BRAFV600K mutations (including one
inevaluable patient), and one patient had a BRAFL597R mutation.
All patients with BRAF mutant melanoma had cutaneous
primaries. Among the 30 patients with no detectable BRAF
mutations, 23 were tested for NRAS exon 1 and 2 mutations. Five
cutaneous melanoma patients had an NRASQ61R mutations, two
cutaneous melanoma patients had an NRASQ61L mutations, and
one mucosal melanoma patient had an NRASG12C mutation. Of the
three patients with uveal melanoma, one was tested for GNAQ and
GNA11, revealing a GNA11Q209L mutation. In comparison with all
other patients, BRAFV600E/K patients in this study had both shorter
PFS (1.85 vs 9.92 months, Po0.01, Figure 1) and shorter OS (10.2
vs 14.8 months, Po0.05). One patient with a BRAFL597R mutation
had a PFS of 8.7 months and is still alive 21.3 months after
initiating treatment on trial.

Additional subgroup analysis. Patients with elevated lactate
dehydrogenase also had shorter PFS (4.9 vs 11.2 months,
Po0.05) and OS (9.8 months vs median not reached, Po0.01)
compared to patients with normal LDH at baseline. Patients with
an ECOG performance status of 1 had shorter PFS than those with
an ECOG performance status of 0 (5.3 vs 11.2 months, Po0.05),
but there was no difference in OS between these groups (12.8 vs
15.1 months, ns) There were no significant differences in PFS
based on tumour M stage, patient age (above or below median
age), prior treatment history, or tumour subtype (ocular, mucosal,
cutaneous).

DISCUSSION

Although melanoma is a vascular tumour, attempts to add VEGF
inhibition to chemotherapy have not been fruitful (Kim et al,
2012). In the current study, we show that administration of the
potent VEGF receptor inhibitor, axitinib, followed by cytotoxic
chemotherapy after a brief 7-day treatment holiday is highly active
in metastatic melanoma, yielding a median PFS of 8.7 months and
a median OS of 14.0 months. This PFS compares favourably with
clinical trial data for paclitaxel/carboplatin without axitinib
(median PFS¼ 4.1–4.5 months) (Hauschild et al, 2009;
Kottschade et al, 2011; Kim et al, 2012) and to axitinib
monotherapy (median PFS¼ 3.9 months) (Fruehauf et al, 2011).
The median PFS also compares favourably with combination of
VEGF-targeted agents with chemotherapy such as carboplatin and
paclitaxel with bevacizumab (median PFS¼ 5.6 months) (Kim
et al, 2012), nab-paclitaxel with bevacizumab (median PFS¼ 4
months) (Spitler et al, 2015), and lenvatinib with oral temozolo-
mide (median PFS¼ 5.4 months) (Hong et al, 2012). Somewhat
surprisingly, the median PFS of axitinib with paclitaxel/carboplatin
exceeds the median PFS of several new agents approved for
metastatic melanoma within the past 3 years: vemurafenib (median
PFS¼ 5.3 months) (Chapman et al, 2011), dabrafenib (median
PFS¼ 5.1 months) (Hauschild et al, 2012), and ipilimumab
(median PFSo3 months) (Hodi et al, 2010; Robert et al, 2011).
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Figure 2. Kaplan–Meier curve showing overall survival in all evaluable
patients.
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The median OS for axitinib with carboplatin and paclitaxel
compares favourably to that of ipilimumab (median OS¼ 13.2 vs
10.1–11.2 months) despite the facts that patients in the current
study tended to be older (median age¼ 64.5 vs 56.8–57.5 years)
and more likely to have an elevated baseline LDH (58% vs 37.2–
38.7%), a negative prognostic factor for survival (Hodi et al, 2010;
Robert et al, 2011). This is particularly remarkable as large
randomised trials targeting VEGF in combination with chemother-
apy have failed to demonstrate significant improvements in
tumour response, PFS, or OS in patients treated with VEGF
inhibitors (Hauschild et al, 2009; Kim et al, 2012). Although these
cross-trial comparisons are hypothesis-generating only, these data
support further testing of axitinib with carboplatin and paclitaxel
in a randomised, phase III setting.

The clinical activity of axitinib with paclitaxel/carboplatin may
be due the additive activity of axitinib with carboplatin and
paclitaxel or synergistic antitumour activity that could be mediated
by an increase in tumour proliferation induced by axitinib
withdrawal. Axitinib is a particularly potent and selective VEGF
receptor inhibitor with substantial single-agent activity in mela-
noma (Fruehauf et al, 2011). In a phase III trial in previously
treated renal cell carcinoma, axitinib yielded a significantly longer
investigator-assessed PFS than sorafenib, suggesting that axitinib is
a more active agent in this setting (Motzer et al, 2013). Several
studies have now demonstrated that potent small molecules kinase
inhibitors including axitinib decrease tumour cell proliferation,
potentially protecting them from the cytotoxic effects of che-
motherapy that rely on cell cycling. The current data demonstrat-
ing decreased target lesion 18F-FLT uptake during treatment
followed by increased uptake during the 7-day treatment holiday in
two patients are consistent with these findings. However, given the
limited number of patients undergoing FLT-PET imaging in the
present study, additional data would be required to determine
whether the interruption in axitinib dosing before the administra-
tion of carboplatin and paclitaxel is truly essential for optimal
benefit.

Our clinical data also suggest that the combination of axitinib
administered in according to a 2-week-on and 1-week-off schedule
with carboplatin and paclitaxel prolonged PFS without increasing
the rate-objective tumour responses compared with historical data
for axitinib or chemotherapy alone. Indeed, favourable PFS and OS
were not always associated with objective tumour responses, and,
although the overall response rate was only 22%, over half of
patients were progression free at 6 months.

This regimen was well tolerated with no grade 4 non-
haematologic toxicities. The only grade 3 non-haematologic
toxicity noted in more than three patients was hypertension (six
patients). Grade 3 and 4 haematologic toxicities were similar to
those expected with cytotoxic chemotherapy alone including eight
patients (21%) developing grade 3 or 4 neutropenia, one patient
with febrile neutropenia, two patients (5%) with grade 3
thrombocytopenia, and one patient (3%) developing grade 3
anaemia. One patient developed grade 3 congestive heart failure
and another developed dose-limiting pancytopenia after brief
exposures to axitinib alone. As neither patient received carboplatin
and paclitaxel, these events do not suggest enhanced toxicity when
axitinib is administered with carboplatin and paclitaxel.

The advent of potent BRAF inhibitors and BRAF inhibitor
combinations that are only active against BRAFV600E and
BRAFV600K has underscored the need for therapies that are effective
in BRAF wild-type melanoma. Axitinib with paclitaxel/carboplatin
demonstrates substantial activity specifically in a BRAF wild-type
metastatic melanoma population. Remarkably, axitinib with carbo-
platin and paclitaxel demonstrated a significantly shorter PFS in a
small subset of patients with BRAFV600E or BRAFV600K melanoma,
two of whom were treatment naive. In contrast, one patient with
BRAFL597R melanoma demonstrated similar a PFS and OS to the

BRAF wild-type patients. He subsequently progressed on vemur-
afenib within 6 weeks suggesting that his disease may not have been
dependent on aberrant BRAF signalling. Given these data and the
availability of highly active BRAF inhibitors, further first-line testing
of axitinib with carboplatin and paclitaxel should be restricted to
BRAF wild-type melanoma.

In summary, axitinib with paclitaxel/carboplatin yielded pro-
longed disease control and survival in advanced BRAF wild-type
metastatic melanoma with acceptable toxicity. The median PFS
and OS of this combination compares favourably to clinical trial
data for the recently approved agents vemurafenib and ipilimumab
in metastatic melanoma and warrants further testing in rando-
mised phase III setting.
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