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Abstract

Background: The use of targeted therapy remains a treatment consideration for some
patients with advanced Merkel cell carcinoma (MCC). However, supportive data on
the use of targeted therapy approaches are limited. Thus, we sought to evaluate the
responsiveness of targeted agents in patients with advanced MCC.

Methods: An institutional MCC database identified patients who were treated with
targeted therapy. For the purpose of this study, targeted therapy was defined as any
multi-targeted tyrosine kinase inhibitor or inhibitor of the PI3K-pathway. Clinical
benefit was defined as complete response, partial response, or stable disease (SD)
>6 months. A subset of patient samples underwent next-generation sequencing
(NGS), Merkel cell polyomavirus testing, and PD-L1/PD-1 expression testing.
Results: Nineteen patients with MCC treated with targeted therapy were identified,
21 targeted therapy regimens were evaluable for response in 18 patients. Four of
twenty-one (19%) of evaluable regimens were associated with clinical benefit with
the best overall response of SD. The durations of SD were 13.6 months (59 weeks),
9.7 months (42 weeks), 7.6 months (33 weeks), and 7.2 months (31 weeks). Of the
four patients who derived clinical benefit, three were treated with pazopanib alone
and one was treated with pazopanib plus everolimus. No difference in the rate of clini-
cal benefit between molecular disease subtypes was detected nor was associated with

any specific genomic alteration.
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1 | INTRODUCTION

Merkel cell carcinoma (MCC) is a rare and aggressive neu-
roendocrine malignancy of the skin. Previously, standard
pharmacologic treatment for patients with MCC consisted
of cytotoxic chemotherapy combinations, most commonly
a platinum-based agent plus etoposide.l'_5 More recently,
immune checkpoint inhibitors (ICI) have transformed the
treatment of advanced MCC and are now standard frontline
pharmacologic treatment.®'* The use of ICI in the front-
line setting is characterized by excellent response rates,
ranging from 56% to 71%,”'"!? in addition to frequent
durable responses, with an estimated 74% of responses of
>1 year in duration in one study.9 However, ICI do not
universally induce responses and many patients do even-
tually experience disease progression, thus an unmet need
remains. Further, some patients may not be candidates for
immunotherapy, such as those who are immunosuppressed
or have received organ transplamt,9 thus need additional
therapy options.

Beyond the demonstration of improved response rate
and duration from ICI,7’9’”’12
of benefit (<8 months) from cytotoxic chemotherapy,’
the efficacy of other pharmacologic approaches for
MCC has not been well established. Tyrosine kinase
inhibitor (TKI) therapy, while mainstream for many
cancer types, to date, has been subject to limited inves-
tigation in MCC. A biological basis for the use of TKIs
for the treatment of patients with MCC is provided by
the frequent expression of vascular endothelial growth
factors, platelet-derived growth factor B, and C-kit, in
addition to mutations in receptor tyrosine kinases and
RAF-family members.'*~!® Several case reports have de-
scribed beneficial responses to a range of TKIs such as
pazopanib, cabozantinib, imatinib, and idelalisib.'¢""”
Early phase trials utilizing these agents have produced
mixed results. A phase II trial of imatinib in 23 patients
with metastatic or unresectable MCC reported a median
overall survival of 5 months, including a partial response
(PR) in one patient and a prolonged stable disease (SD)
in another.”® A phase II study of pazopanib in patients
with metastatic MCC reported clinical benefit in 56%

and the limited duration

next-generation sequencing

Conclusion: In our series, targeted agents elicited a disease control rate of 19% in pa-
tients with advanced MCC, with a best overall response of SD. Pazopanib alone or in
combination exhibited a rate of disease control of 36% (4 of 11 with SD >6 months).

genomics, immune checkpoint inhibitor therapy, Merkel cell carcinoma, Merkel cell polyomavirus,

(9/16) patients, with PR in 19% (3/16).>" A phase II
study of patients with recurrent/metastatic MCC treated
with cabozantinib was prematurely stopped after eight
patients enrolled due to futility and toxicity. One patient
had SD for 8 months.?*

Nonetheless, on the basis of these limited published
clinical data, targeted therapies remain a treatment con-
sideration in certain circumstances when alternatives are
lacking. It has been suggested that clinical benefits from
these agents should include SD given the expectation of
rapid progression in untreated advanced MCC and that fu-
ture studies should incorporate predictive biomarkers to
help patient selection.'® Advances in genomic technology
and the more widespread incorporation of next-generation
sequencing (NGS) into the clinic have made evaluations
of potential biomarkers for targeted therapy response more
feasible. Recent studies have described two major sub-
groups of MCC, those which demonstrate a UV-mutational
signature with high tumor mutational burden (TMB) and
those with few mutations and typically express the Merkel
cell polyomavirus (MCPyV).B’29 Despite these clear dif-
ferences in mutational profile, the two subgroups of MCC
are indistinguishable in both their clinical presentation
and in their response to immunotherapy.g’”‘23 30

Thus, we sought to evaluate the responsiveness of tar-
geted agents in patients with advanced MCC and describe
any association between response and specific genomic al-
terations in patients who underwent NGS as part of clinical
care.

2 | SUBJECTS, MATERIALS, AND
METHODS

2.1 | Study population

A retrospective review identified patients diagnosed with
MCC who were treated at a single academic cancer center.
Patients with MCC who received treatment with targeted
therapy were identified using an institutional MCC registry31

and a database of all patients who underwent NGS as part of
clinical care.”
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2.2 | Data collection

A retrospective chart review collected demographic, clinical,
disease, treatment, genomic, and outcome variables on all in-
dividuals who were diagnosed with MCC and received treat-
ment with targeted therapy. Targeted therapy was defined
as any multi-targeted TKI or inhibitor of the PI3K-pathway.
Multi-targeted kinase inhibitors such as pazopanib and imatinib
have been previously evaluated in clinical trials of patients with
advanced MCC. In addition to pazopanib and imatinib, case
reports have also described responses in patients treated with
cabozantinib and inhibitors of the PI3K pathway.

2.3 | Clinical review

Patients were deemed to derive clinical benefit if, at any point
during treatment with a targeted agent, they were assessed
as having a complete response (CR), PR, or SD for at least
6 months. The inclusion of SD as part of clinical benefit is in
line with a previous suggestion of SD as a meaningful end-
point in patients with MCC treated with targeted therapies.'®
Response assessments were determined by the retrospective
review of clinic notes and imaging studies that were performed
as part of routine clinical care, following RECIST 1.1 criteria.

2.4 | Genomic analysis, viral detection, and
PD-L1/PD-1 expression testing

Patient charts were reviewed to identify those that had
undergone NGS of tumor tissue as part of clinical care.
NGS consisted of genomic profiling of 322 unique cancer-
related genes, including the evaluation of TMB and mu-
tational signatures performed in a Clinical Laboratory
Improvement Amendments (CLIA)-certified, College of
American Pathologists (CAP)-accredited, New York State
approved laboratory (Foundation Medicine) as described
previously.”*#%3% All cases that had undergone NGS also
underwent additional analyses for the detection of the
MCPyV and expression of PD-L1 and PD-1 as described
previously.23

Viral analysis was conducted by NGS as well as immuno-
histochemistry (IHC). Detection of DNA sequences consis-
tent with genomic MCPyV DNA by NGS was made through
Velvet de novo assembly of off-target sequencing reads left
unmapped to the human reference genome (hg19). Detection
by IHC for viral antigens was performed using the CM2B4
and MCV203Ab3 antibodies. Both methods have been de-
scribed previously.23

All patients whose tumors had NGS performed were clas-
sified as either UV-driven or viral driven based on their mo-
lecular profile and the detection of viral genomic DNA.
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2.5 | Statistical analysis

The primary endpoint was the rate of clinical benefit, defined
as CR, PR, or SD for at least 6 months as determined by
the treating physician. Secondary endpoints included the rate
of clinical benefit based on specific treatment regimens and
within molecular subgroups of UV-driven and viral-driven
MCC in addition to the duration of therapy in the overall
cohort and within the subgroups. While the full analysis set
comprised all patients who received at least one dose of any
targeted therapy, the endpoints are described only within pa-
tients who were evaluable for response.

3 | RESULTS

A total of 19 patients with advanced MCC who received
treatment with targeted therapy were identified (Table 1).
All identified patients were white males and the median
age at diagnosis was 75 years (range 18-90). Most patients
(95%; 18/19) were diagnosed with MCC at an advanced
stage of III or greater. Of the 19 treated patients, three
were treated with two separate targeted therapy regimens,
thus 22 targeted therapy regimens were used. The targeted
agents used include pazopanib (n = 12), everolimus (n = 5),
lenvatinib (n = 2), sunitinib (n = 2), and imatinib (n = 2)
either alone, in combination, or in sequence. One patient
(5%) was first treated with targeted therapy in the first-line,
five patients (26%) in the second-line, six patients (32%) in
the third line, and the remaining seven patients (37%) first
received targeted therapy in the fourth-line or later. All pa-
tients received treatment with cytotoxic chemotherapy and
most (74%; 14/19) were treated with chemotherapy prior
to their first treatment with targeted therapy. The major-
ity of patients (89%; 17/19) were also treated with an ICI
during the course of their treatment, most of these (71%;
12/17) were treated prior to targeted therapy. Notably, only
8% (1/12) of these cases achieved an objective response to
treatment with an ICIL.

Of the 22 targeted therapy treatments used, 21 were
evaluable for response in 18 patients. One patient was not
evaluable for response as treatment was switched to ICI
when the drug became available after 4 weeks of treatment
with pazopanib without toxicity or progression and thus
was excluded from response analysis. Nineteen percent
(4/21) of targeted therapy regimens were associated with
clinical benefit with a best overall response of SD (0 PR
and 4 SD > 26 weeks) (Figure 1; Table 2). The median
duration of treatment was 8 weeks (range = 3-59). The
durations of clinical benefit were 13.6 months (59 weeks),
9.7 months (42 weeks), 7.6 months (33 weeks), and
7.2 months (31 weeks). Of the four patients who derived
clinical benefit, three were treated with pazopanib alone
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TABLE 1 Baseline characteristics and treatment data for patients

included
Characteristic Value
Baseline characteristics (n = 19)
Age (years)
At diagnosis, median (range, n = 19) 75 (18-90)
At sequencing biopsy, median (range, n = 14 73 (18-86)
At sequencing, median (range, n = 14) 74 (19-87)
Sex
Male 19 (100%)
Female 0 (0%)
Race
White 19 (100%)
Ethnicity
Non-Hispanic 19 (100%)
Stage at the time when sequencing was performed (n = 14)
11IB 2 (14%)
v 12 (86%)
Tumor utilized for sequencing (n = 14)
Archival primary tumor 4 (29%)
Metastatic tumor 10 (71%)
Treatment data (n = 19)
Targeted therapy agents used
Pazopanib 12 (63%)
Everolimus 5(26%)
Lenvatinib 2 (11%)
Sunitinib 2 (11%)
Imatinib 2 (11%)
Targeted therapy regimens used
Pazopanib 10 (53%)
Everolimus 3(16%)
Imatinib 2 (11%)
Sunitinib; pazopanib 1(5%)
Sunitinib; everolimus 1 (5%)
Lenvatinib 1(5%)
Lenvatinib; pazopanib + everolimus 1 (5%)
Line of first targeted therapy use
1 1 (5%)
2 5 (26%)
3 6 (32%)
4 3 (16%)
5+ 4 (21%)
Immunotherapy treated
Yes 17 (89%)
No 2 (11%)
Relationship to immunotherapy (n = 17)
Immunotherapy first 12 (71%)
Targeted therapy first 5 (29%)

(Continues)

TABLE 1 (Continued)
Characteristic Value
Relationship to chemotherapy
Chemotherapy first 14 (74%)
Targeted therapy first 5 (26%)

Note: Data are n (%) unless stated otherwise.

and one was treated with pazopanib plus everolimus. Thus,
4 of 11 (36%) evaluable patients treated with pazopanib
derived clinical benefit.

Fourteen (74%) patients had NGS performed on their tu-
mors (Figure 2). Responses to targeted therapy were evalu-
able in 13 of these patients, 3 (23%) of whom derived clinical
benefit. The tumor sample from one pazopanib-responsive
patient had alterations in FGFRI, KIT, and KDR, while
the other had no alterations in genes associated with pazo-
panib activity. The tumor sample from the pazopanib plus
everolimus-responsive patient had a PIK3CA A1035V alter-
ation not known to be activating.

Twelve of the patients whose tumors had NGS performed
were also classified as UV-driven versus viral driven based
on their molecular profile and the detection of viral genomic
DNA. Clinical benefit rates were 33% (2/6) in the UV-driven
group and 17% (1/6) in the viral-driven group.

Given the clinical benefit rate observed specifically in
patients treated with pazopanib, we evaluated clinical and
molecular parameters as potential correlates of response spe-
cifically in this subgroup of patients (Table 3). We observed
a notable trend in patients deriving benefit being more likely
to be previously treated with ICI (100% vs. 57.1%, p = 0.24)
and more likely to have a matched genomic finding that
would suggest benefit (67% vs. 0%, p = 0.11); however, the
small number of patients in each group precluded meaningful
statistical comparisons.

4 | DISCUSSION

In this study, we report our institutional treatment outcomes
of patients with advanced MCC treated with targeted therapy.
This inquery addresses an area of unmet clinical need as treat-
ment with targeted therapy remains a treatment consideration
for some patients, particularly those who are relapsed/refrac-
tory to ICI or cytotoxic chemotherapy and those ineligible
for treatment with ICI. In our cohort, we observed clinical
benefit exclusively in patients treated with pazopanib, which
was associated with a clinical benefit rate of 36% (4/11).

It is a challenge to compare the results reported here with
other reports due to a general paucity of data on the clini-
cal outcomes of patients with advanced MCC treated with
targeted therapies. However, these findings are consistent
with the results of a phase II study of pazopanib that reported
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FIGURE 1
therapy. Matched symbols (+, *, #) indicate
multiple lines of treatment for the same

Duration of targeted

patient. Vertical dashed line at 26 weeks
indicates the threshold for the determination
of clinical benefit. Only treatment duration
for evaluable patients are shown

I

10 15

o
(%3]

Mpazopanib Mpazopanib + everolimus Meverolimus Mimatinib

TABLE 2 Response data by treatment regimen

Pazopanib Everolimus Sunitinib
Response (n =10) n=4) (n=2)
Overall response rate 0 0 0
Best overall response
Complete response 0 0 0
Partial response 0 0 0
Stable disease 3(30%) 0 0
Progressive disease 7 (70%) 4 (100%) 2 (100%)
Disease control rate 3 (30%) 0 0
mDOT (weeks) 9.5 6 9
DOT range (weeks) 1-59 3-14 9

20 25 30 35 40 45 50 55 60 65 70 75
Duration of Targeted Therapy (weeks)

'sunitinib  Mlenvatinib

Lenvatinib ~ Imatinib Pazopanib + everolimus All
n=2) (n=2) n=1) (n=21)
0 0 0 0

0 0 0 0

0 0 0 0

0 0 1 (100%) 4 (19%)
2 (100%) 2(100%) O 17 (81%)
0 0 1 (100%) 4 (19%)
5.5 9 33 8

5-6 5-13 33 1-59

Note: Data represent the best overall response by treatment regimen received. Data shown are from patients who were evaluable for response.

Abbreviation: mDOT, median duration of therapy.

Opverall response rate and Disease control rate are the most important rows and summarize the rows below them (in highlighted).

clinical benefit in 56% (9/16) of patients. Notable, however,
is that PRs were reported in 19% (3/16) of patients on the
phase II trial, compared with none in our series.”! Notably,
the patients included in our analysis were heavily pre-treated.
The majority received treatment with chemotherapy or im-
munotherapy prior to treatment with targeted therapy, and
68% of patients received targeted therapy in the third line or
later.

The identification of predictors of benefit from systemic
therapies remains elusive in MCC. When evaluated across
our entire cohort with various TKI treatments, there was no
apparent difference in the rate of clinical benefit between
MCC molecular subtypes nor with molecular features. When
evaluating clinical benefit from pazopanib specifically, we
did observe an interesting trend toward benefiting patients
being more heavily pretreated, more likely to be treated with
prior ICI, and more likely to have a matched genomic feature

that might suggest a response. However, all of these compar-
isons were between small patient numbers and would need
validation across a greater sample size to draw meaningful
conclusions. Further, in regard to the molecular correlates to
response, the driving nature of the specific molecular find-
ings identified in our cohort would require further validation.
One of the three sequenced patients who derived clinical
benefit from pazopanib had alterations in three genes asso-
ciated with its tyrosine kinase activity (FGFRI, KDR, KIT).
However, none of the specific alterations observed have been
previously definitively characterized as activating. Thus, it is
uncertain which of these if any are clear driver mutations that
could be directly inhibited by pazopanib. Similarly, while the
patient who derived clinical benefit from treatment with pa-
zopanib plus everolimus had a PIK3CA A1035V mutation,
this alteration has also not been conclusively established
as activating or sensitive to pathway inhibitors. Genomic
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FIGURE 2 Genomic correlates of response. Fourteen patients within the cohort who underwent nextgenerations sequencing (NGS) as part

of clinical care. Each patient is represented within an individual column. A, Targeted therapy treatment. B, Oncoprint and association between

mutation and response. The percentages represent the percentage of patients in each column (overall/clinical benefit/no clinical benefit) with a
mutation in the gene in that row. For example, in row 1 (RB1) 7/14 (50%) patients had a mutation in RB1, 2/3 (67%) with clinical benefit had
a mutation in RB1, and 6/10 (60%) of patients with no clinical benefit had a mutation in RB1, and so forth. *One patient was not evaluable

for response as treatment was switched to ICI when drug became available after four weeks of treatment with pazopanib without toxicity or

progression. C, Other clinical/treatment variables

findings might ultimately help to select appropriate patients
for pazopanib therapy to better enrich those likely to benefit;
however, this approach would require further validation. It
is also notable that at least one patient that underwent NGS
testing and had no matched genomic findings achieved sig-
nificant clinical benefit from pazopanib.

This study has limitations. Notably, it is difficult to draw
meaningful conclusions from a 19-patient study. Further, the
pre-treatment conditions were quite variable among our co-
hort, making conclusions regarding efficacy even more chal-
lenging. However, given the rarity of MCC, it is noteworthy
that this study is comparable in size to the largest prospective
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TABLE 3 Comparison of pazopanib-treated patients

Clinical benefit from

pazopanib
Clinical benefit from
pazopanib Yes (n =4) No(n="17) P
Prior immune checkpoint 4 of 4 (100%) 40f7(57%) 0.24
inhibitor therapy
>2 previous lines of 4 of 4 (100%) 30f 7(43%) 0.19

therapy

Viral molecular subtype (if
NGS available)

Matched genomic finding
(if NGS available)

10f3(33%)  30f5(60%) 1

2 of 3 (67%) 0 of 5 (0%) 0.11

Note: Viral molecular subtype and NGS data were available in three of the
four patients who derived clinical benefit from pazopanib and five of the seven
patients who did not, thus that analysis was limited to those three and five
patients.

Abbreviation: NGS, next-generation sequencing.

studies of targeted therapy in MCC of 23, 19, and 8 pa-
tients."® " Thus, this study represents a significant portion of
the available data in the published literature.

For patients with advanced MCC refractory to, or ineligi-
ble for ICI therapy, treatment options likely to result in dura-
ble responses are limited. While ideally these patients should
be treated on the clinical trial, trials are not always readily
available or patients may not be a trial candidate. Given the
rapidly progressive nature of advanced MCC, despite seeing
no objective responses, we believe that our experience re-
ported here demonstrates the benefit of pazopanib in a subset
of patients as SD of >6 months is clinically meaningful in
this disease setting. Therefore, for ICI refractory or ineligible
patients without an available clinical trial option, we believe
that the use of pazopanib is a reasonable treatment consider-
ation given limited alternatives. Our results help to confirm
those of a single small phase II study of pazopanib in this dis-
ease and perhaps give a more realistic set of efficacy expecta-
tions given the “real world” conditions and heavily pretreated
nature of our treatment cohort.

5 | CONCLUSION

In this retrospective analysis, we find that treatment with pa-
zopanib led to clinical benefit in 4/11 (36%) of patients with
heavily pretreated advanced MCC. Outside of pazopanib, we
were unable to find anecdotal evidence of any meaningful
clinical activity for several other kinase inhibitors, although
the use was limited to small patient numbers for each.
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