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ABSTRACT

Background. This study sought to determine the efficacy and
safety profile of cabozantinib in patients with advanced Merkel
cell carcinoma (MCC).
Experimental Design. This prospective, phase II, single-
institution trial enrolled patients with platinum-failure, recur-
rent/metastatic MCC to receive cabozantinib 60 mg orally
daily until disease progression, withdrawal from study, or
severe toxicity. The primary endpoint was disease control
rate. Secondary endpoints included overall survival (OS),
progression-free survival (PFS), and toxicity. Immunohisto-
chemistry for VEGFR-2, MET, and HGF expression and next-
generation sequencing of tumor tissue were performed and
correlated with outcome.
Results. Eight patients were accrued from January 24, 2014, to
June 8, 2016. The study was closed prematurely because of tox-
icity and lack of responses. The most frequent adverse events

were grades 1 and 2 and included anorexia, fatigue, nausea,
hypothyroidism, and dysgeusia. Two patients developed non-
healing, painful ulcers and tumor-skin fistula. One patient had
stable disease for 8 months. One patient withdrew from the
study after 2 weeks of therapy because of adverse events.
Three patients required dose reduction because of toxicity.
Median PFS and OS were 2.1 and 11.2 months, respectively. No
expression of MET, HGF, or VEGFR-2 was identified in tumor
cells by immunohistochemistry of patients’ tissue samples.
Conclusion. Cabozantinib was poorly tolerated and did not
demonstrate activity in patients with recurrent/metastatic,
platinum-failure MCC. It is unclear whether preselection of
patients with the specific upregulation or genetic alteration in
the targets for cabozantinib would have changed the results of
this study. (Clinical trial identification number: NCT02036476)
The Oncologist 2018;23:814–821

Implications for Practice: This phase II study demonstrated poor tolerability and lack of activity of cabozantinib in an unselected
group of patients with advanced Merkel cell carcinoma. Although it is unclear whether preselection of patients with the specific
upregulation and genetic alterations in targets for cabozantinib would have changed the results of this study, this would have likely
led to an extremely rare patient population that would take many years to accrue.

INTRODUCTION

Merkel cell carcinoma (MCC) is a rare and aggressive neuroen-
docrine skin cancer with a rising incidence [1, 2]. Although
fewer than 10% of the patients present with advanced disease
at diagnosis, approximately half of those with locoregional dis-
ease die of recurrence or metastasis [1]. A single-institution,
retrospective study of 62 patients with metastatic disease
reported a response rate of 55% among patients who received
first-line chemotherapy and 23% among those after second-
line chemotherapy, with a median progression-free survival
(PFS) of 94 days and 61 days, respectively, and a median overall
survival (OS) of only 9.5 months [3]. Given activity seen in other
high-grade neuroendocrine tumors and the lack of prospective

randomized trials comparing different chemotherapy regimens
in MCC, a platinum and etoposide combination has been his-
torically used as first-line therapy and a doxorubicin-based regi-
men as second-line therapy in patients with metastatic disease.
Despite the relatively high response rates, the toxic death rate
with these regimens has been described as 3.4% for this
patient population [4].

Most recently, the anti-programmed cell death ligand 1
(anti-PD-L1) avelumab received U.S. Food and Drug Administra-
tion (FDA) approval for patients with advanced MCC after a
phase II study demonstrated a response rate of 31.8% in 88
patients with stage IV MCC who had failed one or more lines of

Correspondence: Guilherme Rabinowits, M.D., Miami Cancer Institute, Department of Hematology/Oncology, 8900 N. Kendall Dr., Miami, Florida
33176, USA. Telephone: 786-596-2000; e-mail: guilhermer@baptisthealth.net Received October 20, 2017; accepted for publication December
27, 2017; published Online First on February 14, 2018. http://dx.doi.org/10.1634/theoncologist.2017-0552

The Oncologist 2018;23:814–821 www.TheOncologist.com Oc AlphaMed Press 2018

Melanoma and Cutaneous Malignancies

http://orcid.org/0000-0001-5783-491X


systemic therapy [5]. On extended follow-up, the response rate
increased to 33%, including 10 complete and 19 partial
responses, with the median duration of response not yet
reached [6]. Another phase II trial evaluating the anti-
programmed cell death-1 (anti-PD-1) pembrolizumab in 26
patients with metastatic MCC demonstrated a response rate of
56% and a median PFS of 9 months [7]. Despite these positive
results, many patients do not benefit from or are not candi-
dates for immunotherapy, leaving them with less than optimal
systemic therapy options.

Sennino et al have demonstrated a synergistic effect with
dual vascular endothelial growth factor receptor 2 (VEGFR-2;
KDR) andmesenchymal-epithelial transition factor (c-MET) inhi-
bition, preventing tumor invasion and metastasis in pancreatic
neuroendocrine tumors [8]. These targets are important media-
tors of tumor growth and/or angiogenesis, with c-MET particu-
larly associated with tumor invasiveness and metastasis [9]. c-
MET is upregulated by PAX5, a transcription factor that has
been shown to be overexpressed in MCC [10]. Furthermore,
our group has detected expression of c-MET in MCC samples
by RNA sequencing [11]. VEGFR-2 expression has been
described in intratumoral vessels of MCC, and its expression
has been associated with increased tumor volume and meta-
static potential [12].

Cabozantinib (XL184, Exelixis, South San Francisco, CA,
http://www.exelixis.com) is an oral small molecule, multiple
tyrosine kinase inhibitor, approved by the FDA in 2012 for the
treatment of patients with progressive metastatic medullary
thyroid cancer and in 2016 for patients with advanced renal
cell carcinoma who have received prior antiangiogenic therapy
[13–15]. Cabozantinib inhibits several receptor tyrosine kinases,
including, but not limited to, c-METand VEGFR-2 [14].

Given the preclinical data on the effects of c-MET and
VEGFR-2 inhibition in neuroendocrine tumors, we sought to
evaluate the feasibility of using cabozantinib in patients with
advancedMCC whose disease failed platinum-based therapy.

MATERIALS AND METHODS

Study Population and Treatment
This was a prospective, investigator-initiated, single-arm, open-
label, phase II trial conducted at the Dana-Farber Cancer Insti-
tute (ClinicalTrials.gov identification number: NCT02036476).
Eligibility criteria included measurable, histologically or cytolog-
ically confirmed metastatic or regionally recurrent MCC; age
�18 years; Eastern Cooperative Oncology Group performance
status (PS) �1; and normal organ and marrow function.
Patients must have progressed through platinum-based ther-
apy. Any number of prior chemotherapy or radiation therapy
regimens was allowed, with the exception of a prior c-MET
inhibitor, and as long as at least 2 weeks had passed since ces-
sation of prior treatment. Patients were excluded if they had
evidence of active brain metastasis; tumor invading the gastro-
intestinal tract, trachea, or bronchus; evidence of cavitary
lesions, nonhealing wounds, or active (or a risk of) bleeding; or
use of therapeutic doses of anticoagulants. This study was
approved by the Dana-Farber/Harvard Cancer Center Institu-
tional Review Board, and each patient signed informed consent
prior to initiation screening procedures and study treatment.

Treatment Regimen and Toxicity Assessment
Cabozantinib was administered as an oral daily dose of 60 mg
until progression of disease or significant toxicity. Dose reduc-
tions to 40 mg and then 20 mg were allowed for significant tox-
icities, and treatment was discontinued if patients were unable
to tolerate 20 mg dosing. One cycle was defined as 28 days
regardless of treatment delays.

History, physical examination, and routine laboratory stud-
ies, including complete blood count, chemistry panel, liver and
thyroid function tests, and prothrombin time/partial thrombo-
plastin time tests were performed at baseline and every 2
weeks. Electrocardiograms were performed every 4 weeks.
Positron emission tomography and/or computed tomography
scans were performed at baseline, 6 weeks, and 12 weeks from
treatment initiation and then every 9 weeks until disease pro-
gression or withdrawal from study.

Toxicity Monitoring

Toxicities were graded using the National Cancer Institute Com-
mon Toxicity Criteria scale, version 4.0, and assessed at the
biweekly clinic visits. If a subject developed an unacceptable
toxicity determined to be related to the study treatment, and if
supportive care measures and/or a dose reduction failed to
lessen the toxicity to acceptable levels, study treatment was
withheld. Unacceptable toxicities included intolerable grade 2
toxicities (except alopecia); rash of any grade that could not be
adequately managed with supportive care and/or a dose reduc-
tion; any grade 3 or 4 toxicity that, despite optimal manage-
ment, posed a significant clinical risk (including nausea,
vomiting, diarrhea, hypertension); urine protein-creatinine
ratio >2; grade 4 thrombocytopenia or anemia; grade 4 neu-
tropenia of >5 days duration; grade �3 neutropenia of any
duration with fever (>38.58C); or documented infection.

Tumor Analysis

Patient Tissue Samples

Archival formalin-fixed paraffin-embedded specimens were
obtained from all patients. Hematoxylin and eosin stained sec-
tions confirmed presence of tumor in a total of eight samples
obtained from seven patients. Six of these samples were recur-
rent cutaneous lesions, and two were metastases (one to
lymph node and one to liver). For one patient, two samples of
cutaneous recurrences were available, including one obtained
prior to cabozantinib treatment and one obtained during cabo-
zantinib treatment.

Hybrid capture sequencing of more than 300 cancer genes
was performed using the OncoPanel platform on archived
tumor tissues after patients’ consent. OncoPanel surveyed
exonic DNA sequences of over 300 cancer genes to identify sin-
gle nucleotide variants and insertion deletion events as well as
copy number variations, in addition to 113 introns from 35
genes to detect rearrangements [16–18].

Immunohistochemistry

All samples with confirmed tumor (n 5 8) were stained for c-
MET (SP44, 1:100, Spring Biosciences, Pleasanton, CA), phos-
phorylated MET (p-MET; D26, 1:50, Cell Signaling Technology,
Danvers, MA), HGF (D6S7D, 1:50, Cell Signaling Technology,
Danvers, MA), and VEGFR-2 (D5B1, 1:100, Cell Signaling
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Technology, Danvers, MA) by incubating sections with primary
antibody dilutions for 30 (c-MET and p-MET) to 60 (HGF and
VEGFR-2) minutes at room temperature. For signal detection, a
polymer reagent and DAB chromagen were employed (Bond
Polymer Refine Detection System, Leica Biosystems, Wetzlar,
Germany). All appropriate positive and negative controls were
reviewed.

Statistical Analysis
The primary objective of this trial was to determine the activity
of cabozantinib in patients with advanced MCC who had pro-
gressed after platinum-based therapy. Cabozantinib would be
considered an active drug if there were evidence that the true
disease control rate (DCR) was at least 40%. DCR was defined as
achievement of confirmed objective response (complete or par-
tial response) or stable disease that lasted at least 3 months
from the baseline disease evaluation. We planned to enroll 12
treated patients in this trial. If three or more patients showed
disease control, cabozantinib would be considered an active
drug for this patient population. With this design, using the
exact binomial, the probability of concluding the proposed
treatment as promising was 0.92 if the true but unknown DCR
was 40% but 0.11 if the true DCR was 10%. Overall response
rate was also of interest in this trial, but the true response rate

was likely less than 40%. If there were two or more patients
with complete or partial response, the treatment would also be
considered promising. There was at least 80% probability of
observing 2 or more responses in 12 treated patients if the true
but known response rate was at least 23%. PFS and OS were
described using the Kaplan-Meier method.

RESULTS

Patient Demographics
From January 24, 2014, to June 8, 2016, 27 patients were
screened, 9 deemed eligible, and 8 (6 male and 6 white,
median age of 66.5 years [range 39–75]) ultimately enrolled in
the study (Table 1). Reasons for ineligibility included tumor
around major vessels or organs, active central nervous system
disease, comorbidities, poor PS, no prior chemotherapy, and no
evidence of disease progression after chemotherapy. All
accrued patients progressed after platinum/etoposide therapy
prior to entering the trial; prior lines of therapy are reported in
Table 2. None of the eight patients was immunosuppressed.

Efficacy
One patient was not evaluable for response because of with-
drawal 2 weeks after starting on the study drug. There were no

Table 1. Patient and tumor characteristics

Patient
Age at diagnosis,
years Sex Race

Primary
disease site

Disease stage
at diagnosis

MCPyV large
T antigena Response

1 70 Female White Buttock IV Positive PD

2 75 Male Black Unknown
primary

IIIB Unknown PD

3 58 Male White Arm IIA Positive PD

4 53 Male White Leg IIA Positive NE

5 70 Male White Leg IIIA Positive SD

6 39 Female Black Unknown
primary

IV Negative PD

7 67 Male White Leg IA Unknown PD

8 66 Male White Arm IIIB Positive PD
aImmunohistochemical analysis performed with a murine monoclonal IgG2b antibody (clone CM2B4, sc-136172, Santa Cruz Biotechnology, Dallas, TX).
Abbreviations: MCPyV, Merkel cell polyomavirus; NE, not evaluable; PD, progressive disease; SD, stable disease.

Table 2. Prior lines of systemic therapy

Patient First line Second line Third line Fourth line Fifth line

1 Cabozantinib

2 Paclitaxel Clinical trial with
PI3K/mTOR inhibitor

Cabozantinib

3

4 Platinum/
etoposide

Cabozantinib

5

6 Octreotide Cabozantinib

7 Cabozantinib

8 Carboplatin/
paclitaxel

Clinical trial with
PI3K/mTOR inhibitor

Doxorubicin/
cyclophosphamide/
vincristine

Cabozantinib

Abbreviations: mTOR, mammalian target of rapamycin; PI3K, phosphoinositol-3 kinase.

816 Cabozantinib in MCC
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complete or partial responses among the seven evaluable
patients. The median number of treatment weeks among the
eight patients was 6.5 (range 2–23). One patient achieved sta-
ble disease for 8 months but discontinued therapy after five
cycles because of axillary fistula formation (Fig. 1) and nonheal-
ing wound ulcers. The median PFS and OS were 2.1 and 11.2
months, respectively.

Safety and Tolerability
Toxicities are listed in Table 3. The most frequent adverse
events (AEs) were grades 1 and 2 and included anorexia,
fatigue, nausea, hypothyroidism, and dysgeusia. Grade 3 toxic-
ities included oral pain, hypophosphatemia, hyponatremia, pro-
teinuria, and headache. The adverse events that caused early
withdrawal of one patient included oral pain and fatigue. Three
(37.5%) patients required dose reduction to 40 mg orally daily
because of electrolyte abnormalities, proteinuria, headache,
and oral pain. In addition to the patient with prolonged stable
disease who developed the fistula and nonhealing ulcers, two
other patients also developed poor wound healing at tumor
and biopsied sites (Figs. 2, 3).

Correlative Studies
Tumor samples were available for next-generation sequencing
(OncoPanel) from all patients. Potentially significant somatic
alterations were detected in five of eight cases, including PI3K/
AKT/mTOR, ERBB and Hedgehog pathways (Table 3). No
VEGFR-2 (KDR) or METmutations were identified.

Pretreatment tissue samples were available for seven
patients, five of them corresponding to recurrent cutaneous
lesions and two to distant metastases (one to lymph nodes and
one to the liver). For one of these patients, an on-treatment
sample from a cutaneous recurrence was also available. Immu-
nohistochemical evaluation of all samples (n 5 8) with appro-
priate positive and negative controls showed no expression of
c-MET, p-MET, HGF, or VEGFR-2 in MCC tumor cells. Although
VEGFR-2 was detected in endothelial cells, intratumoral vari-
ability of staining intensity was seen in all cases (Fig. 4A). The

paired samples corresponding to cutaneous recurrences
obtained before and during cabozantinib therapy from a single
patient showed no difference in the staining intensity or the
proportion of VEGFR-21 intratumoral vessels (Fig. 4B, upper
and lower rows, respectively). Markedly increased staining
intensity and proportion of VEGFR-21 vessels were consis-
tently seen within tumor stroma compared with the more
subtle immunoreactivity seen in adjacent benign tissue (Fig.
4C, left and right, respectively).

DISCUSSION

Despite the recent advances in the treatment of advanced
MCC with the introduction of immune checkpoint inhibitors, a
large proportion of patients do not benefit from or are not can-
didates for this type of therapy. Although cytotoxic chemother-
apy remains an option for these patients, the high response
rates seen must be reconciled with the toxicity and relatively
short duration of response in this older population. The devel-
opment of targeted therapies remains an area of active investi-
gation and an important goal for these patients.

Expression of VEGFR-2, a mediator of angiogenesis, by
endothelial cells of tumor stroma vessels has been correlated
with poor prognosis in MCC [12]. Davids et al reported a partial
response to pazopanib, a second-generation tyrosine kinase
inhibitor against VEGFR-1, -2 and -3, platelet-derived growth

Figure 1. Left axillary fistula formation between tumor and skin on
patient 5.

Table 3. Treatment-related adverse events

Adverse events
Grades 1 and
2, n (%)

Grade 3,
n (%)

Headache 1 (13) 1 (13)

Blurry vision 1 (13)

Nausea 4 (50)

Vomiting 2 (25)

Diarrhea 2 (25)

Constipation 1 (13)

Anorexia 6 (75)

Weight loss 2 (25)

Dehydration 1 (13)

Fatigue 5 (63)

Dyspnea 1 (13)

Dizziness 2 (25)

Hypothyroidism 4 (50)

Chest pain 1 (13)

Oral pain 3 (38) 1 (13)

Dysgeusia 4 (50)

Dry skin 1 (13)

Palmar-plantar
erythrodysesthesia

2 (25)

Hypertension 3 (38)

Proteinuria 2 (25) 1 (13)

Hypophosphatemia 1 (13) 1 (13)

Hyponatremia 1 (13)

Voice changes 1 (13)

Poor wound healing 3 (38)

Fistula 1 (13)
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factor (PDGF)-a and -b, and c-kit, in a 69-year-old woman with
metastatic MCC whose disease had progressed through prior
therapies [19]. In this report, tumor immunohistochemistry
was negative for c-kit, VEGFR-1, -2 and -3, and PDGF-A, but pos-
itive for VEGF and PDGFR-b (weakly). A PDGFR-a mutation in
codon 478 was identified and may have contributed to the
treatment response. More recently, the results of a phase II
study of pazopanib in metastatic MCC demonstrated partial
responses in 3 of 18 patients (17%) [20]. Although a primary
endpoint was met, the trial recruitment was stopped early

because of slow accrual. Six other patients had stable disease,
for a DCR of 50%, and the median duration of treatment was 8
weeks; two patients discontinued treatment because of toxicity
and 13 others because of progression. Median PFS was 2.8
months, and median OS was 8.9 months [20]. Serious adverse
events related to drug were reported in seven (39%) patients,
including one death secondary to gastrointestinal bleeding.

In this phase II study, cabozantinib monotherapy did not
meet the prespecified efficacy endpoint and was poorly toler-
ated in this patient population. The best response was stable

Table 4. OncoPanel results

Case Likely somatic variants Pathway Significance

1 EGFR c.2533G>A (p.V845M) ERBB family receptor
tyrosine kinase

Novel kinase domain mutation,
unknown significance

2 GLI2 c.2335C>T (p.P779S) Hedgehog pathway Novel mutation

3 None n/a n/a

4 None n/a n/a

5 HRAS c.37G>C (p.G13R) Ras family member Oncogenic hotspot mutation

6 PTEN c.493-2A>T (splice) PI3K/AKT/mTOR pathway Likely loss of function

KMT2D c.4132G>C (p.D1378H) Chromatin organization Novel, unknown significance

7 None n/a n/a

8 PIK3CA c.1348delCinsGGGGGGAAAAAAA
(p.H450delinsGGKKN)

PI3K/AKT/mTOR pathway Complex deletion-insertion in hotspot,
likely activating

Abbreviations: AKT, akt serine-threonine kinase; ERBB, ErbB2 receptor tyrosine kinase; mTOR, mammalian target of rapamycin; n/a, not applicable;
PI3K, phosphoinositol-3 kinase.

Figure 2. Poor wound healing from tumor biopsy site on right
upper back of patient 7.

Figure 3. Necrosis and ulceration of the large tumor on left lateral
chest wall, with evidence of disease progression around it, on
patient 8.
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disease of 8 months in one patient. Next-generation sequenc-
ing identified potentially oncogenic alterations in genes affect-
ing a variety of signaling pathways previously implicated in
MCC tumorigenesis [21–23], but no genetic alterations were
detected in either MET or VEGFR-2. These findings were

consistent with the exome sequencing results of 49 MCC cases
previously reported by Goh et al. [24]. Merkel cell polyomavirus
(MCPyV)-negative MCCs had a high mutation burden, with fre-
quent mutations in RB1 and TP53. Additional mutations were
seen in ASXL1, MLL2, MLL3, MAP3K1, TRAF7, ATM, MSH2, and

Figure 4. Results of VEGFR-2 detection by immunohistochemistry. No expression of VEGFR-2 was detected on Merkel cell carcinoma cells.
(A): Variable, strong to minimal, VEGFR-2 staining intensity was present in intratumoral vessels. (B): Paired pre-cabozantinib (upper row)
and on-treatment (lower row) samples showed no appreciable changes in intensity or extent of VEGFR-2 staining in intratumoral vessels.
(C): Vessels within the tumor and away from the tumor, nonmalignant surrounding tissue. The proportion of positive vessels and staining
intensity was markedly increased in intratumoral vessels (left) compared with vessels in adjacent benign tissue (right).
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BRCA1. In contrast, MCPyV-positive MCCs harbored few muta-
tions, with none in the genes reported above. HRAS, KRAS,
PIK3CA, PTEN, TSC1, Notch1, and Notch2 mutations were seen
in both MCPyV-positive and -negative subgroups [24].

Overall, the genetic results demonstrate a diversity of
potential oncogenic mechanisms at play in MCC and no clear
dependence on METor VEGFR-2 signaling. Of note, none of the
sequenced tumors had evidence of retinoblastoma pathway
mutations; the lack of genetic inactivation of this pathway is
associated with polyomavirus infection [23, 25].

Recruitment was stopped early, after eight patients were
enrolled, given the slow accrual, lack of response, and poor tol-
erability in this patient population. Safety data were consistent
with those observed in other studies with cabozantinib, with
no occurrences of new or unexpected AEs. In a phase III study
of cabozantinib 60 mg daily dosing in men with previously
treated metastatic castration-resistant prostate cancer, 67%
and 33% of patients on the cabozantinib arm (n 5 682; median
age 69.5 years) had AEs that led to dose reductions or treat-
ment discontinuation, respectively [27]. Another phase II trial
with cabozantinib at the same dose in 19 patients (median age
67 years) with advanced cholangiocarcinoma demonstrated a
63% rate of dose reduction, also because of toxicity [28]. A
phase III trial in medullary thyroid cancer using a higher dose of
cabozantinib (140 mg) in 219 patients (median age of 55 years)
reported AEs leading to dose reduction and treatment discon-
tinuation in 79% and 16% of patients, respectively [29].
Although, based on these results, one may consider this agent
to be poorly tolerated, particularly in the heavily pretreated,
elderly population, dose reduction may not necessarily indicate
poor tolerability. Cabozantinib has a broad exposure profile,
and the need for dose reduction is highly correlated with indi-
vidual patient exposure characteristics [30].

Our study is limited by the small sample size and single-arm
design. Although cabozantinib is synergistic with immune
checkpoint blockade, resulting in a combinatorial strategy in
other cancers [31, 32], the toxicity and lack of activity observed

in this phase II trial make it difficult to consider further studies
with cabozantinib in patients with MCC.

CONCLUSION
Single-agent cabozantinib did not demonstrate activity in this
group of patients with advanced platinum-failure MCC.
Although it is unclear whether preselection of patients with the
specific upregulation and genetic alterations in targets for cabo-
zantinib would have changed the results of this study, this
would have likely led to an extremely rare patient population
that would take many years to accrue.
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For Further Reading:

Allison S. Betof, Ryan D. Nipp, Anita Giobbie-Hurder et al. Impact of Age on Outcomes with Immunotherapy for Patients with
Melanoma. The Oncologist 2017;22:963–971; first published on May 5, 2017.

Implications for Practice:

Immunotherapy has revolutionized treatment for patients with metastatic melanoma, yet data are lacking regarding the effec-
tiveness and tolerability of these treatments for older patients. In this study, we demonstrated that patients with melanoma
safely tolerate immunotherapy and achieve similar outcomes regardless of their age. Specifically, we utilized data from two aca-
demic cancer centers and found no significant difference in overall survival, progression free survival, or immune-related toxic-
ities, other than arthritis, across age groups. As the population ages, studies such as this will become critical to help us
understand how best to treat older adults with cancer.
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