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Abstract

Merkel cell carcinoma (MCC) is a neuroendocrine skin cancer. The clinical impact of MCC has been increasing due to steadily rising inci-
dence rates. Since 2001, more than 24,000 cases of MCC have been reported to the US National Program of Cancer Registries database,
and in 2018, more than 2,500 incident cases are expected. MCC is highly aggressive, and one-third of patients will either present with or
develop metastatic disease. Outcomes in patients with metastatic MCC have historically been poor; median time to progression with cy-
totoxic chemotherapy is only 3 months. MCC has long been appreciated to be immunogenic, with reports of spontaneous regression and
responsiveness to immunotherapy. However, the mechanisms of this immunogenicity have only been understood over the past decade,
with approximately 80% of cases in the United States associated with the Merkel cell polyomavirus (MCPyV) and expression of viral an-
tigens (virus-positive [VP] MCC), and the remaining 20% of cases caused by UV radiation-induced damage leading to a high mutational
burden and expression of neoantigens (virus-negative [VN] MCC). These insights have led to multiple successful trials of immunotherapies
for MCC. PD-1 axis checkpoint inhibitors are now regarded as the preferred frontline systemic therapy in eligible patients (including both
VP- and VN-MCC), with impressive frequency, durability, and depth of objective responses, which compare favorably to those of most solid
tumors. This article reviews the safety and efficacy data from the key clinical trials of immune checkpoint inhibitors for metastatic MCC, and
discusses several issues relevant to the clinical use of these agents. Finally, emerging immunotherapies for MCC, including cellular therapies
and adjuvant systemic therapies, are reviewed.
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increasing rapidly, with approximately 25,000 cases
recorded in the United States since 2000, including
>2,200 incident cases reported in 2014 to the National
Program of Cancer Registries/fSEER combined regis-
tries, which captures >98% of the US population (Fig-
ure 1A).* Incidence is expected to continue to briskly
increase due to aging of the baby boomer generation,

Merkel Cell Carcinoma Presentation
and Incidence

Merkel cell carcinoma (MCC) typically presents as a
rapidly enlarging red nodule on sun-exposed skin.!
Risk factors include UV radiation exposure, age >65
years, and infection with the Merkel cell polyomavirus
(MCPyV). Chronic systemic immune suppression (from

HIV, hematologic malignancies, or use of immunosup-
pressive medications) is associated with increased MCC
risk and significantly poorer outcomes'~; however, most
MCC:s occur in individuals without underlying immu-
nodeficiency. The reported incidence of MCC has been
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The characteristic microscopic appearance for MCC
is tightly packed, small, round, blue cells with high mi-
totic activity; immunohistochemistry is classically posi-
tive for cytokeratin 20 (CK20) in a dot-like pattern and
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Figure 1. Incidence of Merkel cell carcinoma (MCC) in the United States. (A) Number of incident cases reported to National Program of Cancer Reg-
istries (NPCR)/SEER. Between 2001 and 2014, a total of 24,658 cases were reported. Annual number of incident cases increased by >85%, from 1,217
reported in 2001 to 2,246 reported in 2014. (B) Extent of disease at presentation. Information was available for 21,445 cases.

Data from 2001-2014 Database: National Program of Cancer Registries and Surveillance, Epidemiology, and End Results SEER*Stat Database: NPCR
and SEER Incidence — USCS 2001-2014 Public Use Research Database, United States Department of Health and Human Services, Centers for Disease
Control and Prevention and National Cancer Institute. Released August 2017, based on the November 2016 submission. Available at: www.cdc.gov/

cancer/npcr/public-use. Accessed June 15, 2018.

neuroendocrine markers (synaptophysin, chromo-
granin, and/or neuron-specific enolase), and nega-
tive for CK7 and TTEF-1. Consistent with its histol-
ogy, MCC is aggressive, and approximately 37% of
patients have nodal or distant spread at presentation
(Figure 1B); sentinel lymph node evaluation is thus
frequently useful to identify subclinical nodal me-
tastases.*® Systemic radiologic staging is encouraged
by the NCCN Clinical Practice Guidelines in On-
cology (NCCN Guidelines) for MCC in patients at
high risk of distant metastatic disease.” A case series
of 102 patients with MCC showed improved sensi-
tivity of whole-body FDG-PET compared with CT
alone, with an added impact on management of 37%
of patients.®

Historical Outcomes With
Metastatic Disease

Approximately 10% of patients present with stage
IV MCC (Figure 1B), and 1 in 3 patients will de-
velop distant metastatic disease.” Metastatic sites are
diverse, including lymph nodes, liver, lung, subcu-
taneous tissue, and nonregional skin sites, as well as
unusual sites such as pancreas, heart, and parotid.
Brain metastases occur in approximately 10% of pa-
tients with metastatic MCC.'°

Survival for patients presenting with stage IV
MCC has been historically dismal, with a median

survival of approximately 1 year and nearly 100%
chance of death by 5 years.”!! Until 2017, cytotoxic
chemotherapy (typically with platinum/etoposide)
was standard first-line therapy for metastatic MCC.
Despite a high objective response rate (ORR) of ap-
proximately 55%, durability of disease control is poor
(median progression-free survival [PES] of 3 months
and median duration of response <8 months).>!? Af-
ter development of resistance to first-line therapy,
second-line and later chemotherapy regimens have
been ineffective, with an ORR of 10% and median
PES of only 1.9 months.*21

Two Distinct Immunogenic Etiologies
for MCC

Approximately 70% to 80% of MCC cases in the
United States are caused by MCPyV, a small DNA
tumor virus similar to human papillomavirus."* Al-
though MCPyV is common, with approximately 50%
of US individuals infected during childhood, it must
develop 2 mutations (integration and truncation) to
be oncogenic.” 8 Within virus-positive (VP) MCCs,
the viral oncoproteins (T antigens) are constitutively
expressed and growth promoting.'*** These nonhu-
man proteins are required for ongoing MCC growth, "
and are immunogens for T and B cells.>* Individuals
with brisk immune responses to MCPyV have better
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disease outcomes, providing strong rationale for the
application of immunotherapy.”

The remaining approximately 20% of MCCs are
MCPyV-negative (virus-negative [VN] MCC). Be-
cause the main driver in VN-MCC is mutation from
chronic UV exposure, it is more common in parts
of the world with increased UV light exposure (eg,
Australia).?” VN-MCC tumors carry a poorer prog-
nosis,”® and thus a disproportionate percentage of
patients who develop metastatic MCC have VN dis-
ease.”” Although they lack virus, VN-MCCs remain
immunogenic due to high mutational burden from
UV-induced mutations’®?}; VN-MCCs have more
mutations than almost all cancers in The Cancer
Genome Atlas.*® High mutational and neoantigenic
burdens have been reported to be strong predictors of
immunotherapy responsiveness across cancer types,**
thus supporting application of immunotherapy in
both VN- and VP-MCC.

The immunogenicity of MCC!* and PD-L1 ex-
pression in the MCC tumor microenvironment’**?
have provided a strong rationale for using immuno-
therapy. Efforts to date have focused on a multitude
of approaches aiming to render cancer cells more
visible to the immune system, reinvigorate existing
immune responses, or generate new anticancer im-
munity. Indeed, several early-phase trials, including
intratumoral interleukin-12 (IL-12),® intratumor-
al TLR4 agonist,”” and MCPyV-directed adoptive
T-cell therapy,**! have all supported the potential
efficacy of immune-based approaches in MCC. How-
ever, the most striking successes have been with the
PD-1 axis immune checkpoint inhibitors (ICIs) (Ta-
ble 1), which have been remarkably efficacious and
have revolutionized systemic therapy for MCC.

PD-1 Axis Checkpoint Inhibitors

Avelumab

Avelumab is a human anti-PD-L1 monoclonal anti-
body that maintains a wild-type IgG1 Fc region that
may, in addition to blocking PD-1/PD-L1 interac-
tions, activate antibody-dependent cell-mediated
cytotoxicity. In a pivotal phase II trial, 88 patients
with chemotherapy-treated metastatic MCC were
treated with avelumab, 10 mg/kg intravenously ev-
ery 2 weeks. The ORR was 33% (11% had a com-
plete response [CR; n=10] and 22% had a partial re-
sponse [PR; n=19]).#** Responses occurred quickly

Table 1. Results of Imnmune Checkpoint Inhibitor

Trials in Advanced MCC?

Avelumab Pembrolizumab Nivolumab Ipilimumab
Mechanism Anti-PD-L1 Anti-PD-1 Anti-PD-1 Anti-CTLA-4
of action
Dose & 10 mg/kg IV 2 mg/kg 240 mg 3 mgr/kg IV
schedule of q2wk q3wk IV g2wk 3wk x 4 doses
administration
ORR in 69% 56% 71% 40% (n=5;
chemotherapy- (n=16)* (n=26)* (n=14)% case series)**
naive MCC
ORR in 33% N/A 63%
chemotherapy- (n=88)%2447 (n=8)
treated/second-
line MCC
Median time 6.1 wk* 12 wk? 2 mo*
to response

Abbreviations: IV, intravenous; MCC, Merkel cell carcinoma; N/A, not available;
ORR, objective response rate.
2As of January 2018.

(median, 6.1 weeks) and irrespective of MCPyV or
PD-L1 status of the MCC tumors (Figure 2). Impor-
tantly, responses were durable, with 74% lasting at
least 1 year. As a result, median overall survival (OS)
with second-line avelumab for metastatic MCC was
12.9 months,* which was more than twice the his-
torical median OS of 4 to 6 months with second-line
chemotherapy.’** Avelumab was well tolerated. Al-
though 70% of patients (n=62) reported treatment-
related adverse events (AEs), including most com-
monly fatigue (24%) and infusion reactions (17%),
most were grade 1/2; grade 3 AEs were uncommon
(5%) and no grade 4 events were reported. Based on
the impressive results from this study, avelumab re-
ceived approval by the FDA, Swissmedic, and the
European Medical Association in 2017 for treatment
of metastatic MCC, regardless of prior chemothera-
py administration. This trial has recently expanded
to include treatment-naive patients with metastatic
MCC (ClinicalTrials.gov identifier: NCT02155647).
Preliminary results of the first 39 patients enrolled in

this first-line expansion cohort reported an ORR of
62% (CR, 14%; PR, 48%).%

Pembrolizumab

Pembrolizumab is a humanized [gGG4 anti—PD-1 mono-
clonal antibody that is being investigated in a phase
Il trial for first-line systemic treatment of immuno-
competent patients with unresectable stage I1IB or [V
MCC (ClinicalTrials.gov identifier: NCT02267603).
The initial report included 26 patients (25 evalu-
able patients), of whom 16% (n=4) had a CR and
40% (n=10) had a PR, resulting in an ORR of 56%
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4.5 weeks after ICl start

32 months after ICl start

Figure 2. Rapid and durable response to avelumab in bulky liver metastases in a patient with MCPyV-negative MCC. Shown are cross-sectional imag-
ing of 2 representative hepatic metastases from a 58-year-old woman with MCPyV-negative, chemotherapy-treated MCC (virus-negative) who was
treated with avelumab for 27 months. (A) Pretreatment image of hepatic meastases. (B) An objective response was seen as early as 4.5 weeks after
starting avelumab, and treatment was ultimately stopped for logistical reasons. (C) Repeat imaging at 32 months demonstrated ongoing response.
Abbreviations: ICl, immune checkpoint inhibitor; MCC, Merkel cell carcinoma; MCPyV, Merkel cell polyomavirus.

(14/25).” Although the response rate was similar to
historical rates associated with first-line chemother-
apy, pembrolizumab responses were remarkably more
durable, with 86% ongoing at last follow-up (median
follow-up ~8 months). Treatment was well tolerated:
77% of patients (20/26) reported an AE of any grade,
of which only 15% (n=4) were grade 3 or 4. An ex-
pansion cohort of 24 patients has completed accrual
and the results are eagerly awaited.

Nivolumab

Another ongoing study (ClinicalTrials.gov identi-
fier: NCT02488759) is investigating the anti—PD-1
antibody nivolumab in patients with virus-associat-
ed cancers including MCC. Patients with metastatic
MCC are eligible regardless of MCPyV status or
prior chemotherapy. Preliminary results reported an
impressive 68% ORR in 22 patients.** The median
time to response was 2 months, and 87% of responses
were ongoing at last follow-up (median follow-up, 6
months). This trial hasadded a second cohort investi-
gating nivolumab plus low-dose ipilimumab (1 mg/kg)
in metastatic MCC.

PD-1 Axis Blockade

The striking and concordant results from the afore-
mentioned trials of 3 different immunotherapies
blocking the PD-1/PD-L1 interaction have offered
powerful new options for managing advanced MCC.
Responses to ICIs occur rapidly (Figure 2) and at a
frequency similar to that expected with frontline che-
motherapy, but are more durable, have been shown
to be associated with improved quality of life,*” and

are expected to lead to a meaningful improvement in
OS, with perhaps even a chance at cure for an oth-
erwise terminal disease. Importantly, response rates
are higher in treatment-naive patients and lower in
those treated with prior chemotherapy, likely due to
the well-characterized immunosuppressive effects
of chemotherapy.* Rates of grade >3 treatment-
related AEs have been low, and compare favorably
with those of cytotoxic chemotherapy. Thus, PD-1/
PD-L1-based immunotherapy should be considered
as the new standard of care for first-line treatment of
patients with metastatic MCC. This consideration is
reflected in the recent listing of avelumab, pembroli-
zumab, and nivolumab as the recommended options
for disseminated MCC in the 2018 NCCN Guide-
lines, although a clinical trial should still be the
preferred choice, whenever available and appropri-
ate.” Avelumab is currently the only FDA-approved
therapy for patients with metastatic MCC.

For patients eligible for a PD-1 axis ICI, no clear
data favor one drug over another; ORR looks com-
parable in the first-line setting. Avelumab has been
tested most extensively so far and has also a dem-
onstrated a quality-of-life benefit.¥’ However, both
pembrolizumab and nivolumab are reasonable al-
ternatives, with pembrolizumab administered every
3 weeks (vs every 2 weeks for nivolumab and ave-
lumab) if a less frequent dosing schedule is preferred.
Rates of toxicity also appear similar for the drugs,
as does toxicity management. Management of im-
mune-related AEs has been extensively detailed in
the recent ESMO and Society for Immunotherapy of
Cancer (SITC) guidelines.*»*°
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Contraindications to ICIs include ongoing im-
mune suppression (likely to reduce efficacy), prior
solid organ transplant, and/or prior autoimmune dis-
ease. Experience with ICIs in these settings is absent
for MCC and limited for other malignancies. IClIs
post—solid organ transplant have been reported to be
associated with organ rejection and death.’! For au-
toimmune disease, a systematic review collated the
effects of ICI therapy in 123 patients and found that
75% of patients with autoimmune disease developed
flare of autoimmune disease and/or immune-related
AEs.”> Most AEs were manageable with treatment
discontinuation and steroids, but some were severe
and fatal. Therefore, in these settings, the unique
toxicity risks must be weighed against the risks of
progressive MCC, particularly with the paucity of ef-
fective nonimmunotherapy options for such patients.

Predictors of Response
Nearly half of MCCs do not respond to PD-1 axis

blockade. Thus, an urgent need exists to identify tu-
mor or host characteristics that might predict non-
response in order to prioritize clinical trials for these
patients. Patients with both VP- and VN-MCCs
(with markedly different tumor mutational burdens)
appear to respond similarly to ICI therapy, reflecting
the immunogenicity of both subsets, albeit through
different mechanisms.”** Therefore, testing for
MCPyV status (by immunohistochemistry or serol-
ogy) or tumor mutational burden has limited utility
in patient selection for PD-1 blockade. Similarly, ICI
responses do not correlate with PD-L1 expression in
the MCC tumor microenvironment, and thus PD-L1
expression testing by immunohistochemistry is not
routinely supported.”®* As for many other cancers,
including melanoma,’® research is ongoing to identi-
fy new response biomarkers for ICIs in MCC because
predictive biomarkers represent an unmet need.

Metastatic MCC Resistant
to PD-1 Axis Blockade

In addition to identifying predictive biomarkers,
mechanistic studies to understand both primary and
acquired mechanisms of resistance are critical to un-
cover new rational therapies. A substantial need ex-
ists for effective therapies for MCC that does not re-
spond to PD-1/PD-L1 blockade. Fortunately, several

immunotherapy and nonimmunotherapy approaches
are being pursued.

Immunotherapy

Early-phase trials and case reports have reported re-
sponses to a number of additional immunotherapies
in MCC. Excitingly, several trials of novel immuno-
therapeutic approaches for MCC (both innate and
adaptive) are underway.

Systemic  Immunotherapy:  Ipilimumab (anti-
CTLA4) has been used off-label in 5 patients with
2 successes.”* Prospective trials of ipilimumab (either
alone or in combination with radiation and/or
nivolumab) are ongoing (ClinicalTrials.gov identi-
fiers: NCT03071406, NCT02488759) and results
are eagerly anticipated. NCT02488759 includes a
nivolumab plus anti-LAG3 arm, and a study of an
IL-2 immunostimulatory antibody plus paclitaxel
is ongoing in Europe (NCT02054884). Further,
combination of anti-OX40 and nivolumab or ipili-
mumab has recently opened in the United States
(NCTO03241173). Given the subtle differences
between the different drugs and in their targeted
pathways, with anti-PD-1 agents targeting PD-1:PD-
L1 and PD-1:PD-L2 interactions compared with anti—
PD-L1 agents targeting PD-1:PD-L1 and B7.1:PD-L1
interactions,” there may be a theoretical reason to
consider switching drug class from an anti-PD-1 to
an anti-PD-L1 agent or vice versa. However, in our
experience, which is consistent with the limited data
in melanoma and renal cell carcinoma,’® this strategy
by itself is highly unlikely to be successful in over-
coming MCC resistance to the PD-1/PD-L1 pathway
blockade. Hence, we do not recommend trying the
same outside of a clinical trial. However, there may
be value in continuing the PD-1/PD-L1 pathway
blockade, while adding other novel therapies on this
backbone, to overcome immune evasion mechanisms.

Cellular Immunotherapy: The presence of viral
antigens provides an ideal target for cellular immu-
notherapies. Endogenous T-cell therapy targeting
MCPyV has been studied early-phase trials, with sev-
eral responses reported, including durable CRs*41;
additional patients are accruing (ClinicalTrials.gov
identifier: NCT02584829). A trial of NK cell immu-
notherapies in monotherapy or in combination with

[L-15 has accrued (NCTO02465957), with results
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pending, and a second multi-arm trial is anticipated
to open in 2018 (NCT03167164).

Intralesional Immunotherapy: Multiple intral-
esional immunotherapies have been investigated
in MCC. Case reports have indicated success with
intralesional tumor necrosis factor,’”*® class I inter-
feron,”” % and talimogene laherparepvec (T-vec).®
In early-phase trials, intralesional TLR4-agonist and
IL-12 delivery (via electroporation) have resulted
in durable objective responses in patients with ad-
vanced MCC.*®* Current active trials include T-vec
alone or in combination with radiation (Clinical-
Trials.gov identifier: NCT02819843) or nivolum-
ab (NCT02978625), and TTI-621 (anti-CD47,;
NCT02890368). Additionally, a recently opened
phase I/II trial of intralesional TLR7/8 agonist plus
a modified IL-2 formulation is including patients
with MCC (NCT03435640). A triple-combination
study of tremelimumab (an anti-CTLA-4 antibody),
durvalumab (an anti-PD-L1 antibody), and intratu-
moral TLR3 agonist poly-ICLC in advanced MCC is
underway (NCT02643303).

Radiation as Immunotherapy: Single-fraction ra-
diotherapy (SFRT) can be immunostimulatory,®
and such approaches have been effective for pallia-
tion/tumor control of one or a few lesions in MCC
(objective in-field response rate of 94%),® although
abscopal effects are not commonly seen in the ab-
sence of combination with systemic agents.®® SFRT
is included as an immune adjuvant in many of the
studies described earlier.

Nonimmune Therapies

Chemotherapy for MCC has typically included
platinum doublet regimens similar to those for small
cell lung cancer. Platinum and etoposide are most
commonly used, with a response rate in first-line
treatment of approximately 60%, but a short PFS.>!?
Preliminary results from a phase II trial of pazopanib
reported an ORR of 19%, but limited response du-
rability.®” MCC tumors express somatostatin recep-
tors (SSTRs), responses to somatostatin analogs
have been described,®® and trials delivering peptide-
conjugated payloads (ClinicalTrials.gov identifier:
NCT02936323) and radionuclides onto SSTR-ex-
pressing neuroendocrine tumors are ongoing. An-
other trial (NCT02514824) is testing MLNO128, an
mTOR inhibitor.7° Results from these nonimmune

therapy trials are especially relevant to patients in-
eligible for immunotherapy.

Resected MCC With High
Risk of Recurrence

Adjuvant radiation is supported in many cases of
resected MCC, with strong evidence for improved
locoregional control and a trend toward improved
survival.*”“* However, adjuvant cytotoxic chemo-
therapy, despite being commonly used by clinicians,
has not been associated with survival benefit.”>757
Given unclear benefit, considerable toxicity in an el-
derly population, and the potential negative effect on
responsiveness to subsequent use of ICls,***7 adju-
vant chemotherapy should not be used routinely. For-
tunately, clinical trials are underway to test the safety
and efficacy of IClIs as systemic adjuvant therapy in
high-risk patients with MCC. A multicenter, random-
ized, placebo-controlled phase III trial investigating
adjuvant avelumab in patients with clinically detected
lymph node metastases (ADAM trial; Clinical Trials.
gov identifier: NCT03271372) was recently launched
in the United States. Another trial, ADMEC-O
(NCTO02196961), is ongoing in Germany and is test-
ing adjuvant ipilimumab (accrued) or nivolumab ver-
sus observation in patients with resected MCC.

Surveillance

After locoregional disease has been adequately treat-
ed, the NCCN Guidelines’ reflect a general clini-
cal consensus and recommend a complete skin and
lymph node examination every 3 to 6 months for the
first 2 years, then every 6 to 12 months thereafter.
Although radiologic surveillance is generally consid-
ered appropriate for patients at high risk for distant
metastases, there is no strong consensus regarding
which patients would be appropriate for radiologic
surveillance, partly due to the lack of prospective
data on recurrence-free survival in MCC. In prac-
tice, we typically do not perform routine surveillance
imaging in nonimmunosuppressed patients with
<2-cm primary MCC tumors and negative sentinel
lymph node biopsy results because these groups have
a <25% risk of recurrence.!"”" Choice of imaging
modality should reflect the sites at highest risk of re-
currence. We typically use CT scans of the chest, ab-
domen, and pelvis in most patients, and sometimes
CT scans of the head/neck and extremities, depend-
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ing on the location of the primary tumor and the risk
of in-transit metastases.

Serology to T-oncoprotein is now clinically avail-
able (AMERK; https://www.merkelcell.org/serology).
The NCCN Guidelines indicate that quantitation of
MCPyV oncoprotein can help inform radiologic sur-
veillance in patients with MCC, because seronegative
patients may have a higher risk of recurrence, and an
increasing titer in seropositive patients may be an ear-
ly indicator of recurrence.?*™? If a patient is seroposi-
tive for viral oncoproteins at diagnosis, the antibody
titer typically decreases after initial treatment and can
increase with subsequent recurrence?®”™; serial mea-
surements may help inform the need for scans and re-
duce imaging-related radiation exposure.

Special Considerations for
the Geriatric Population

A total of 83% of individuals diagnosed with MCC
are aged >65 years, and nearly a quarter of patients
are >85 years.” ICI trials to date have largely reflect-
ed MCC demographics, with most enrolled patients
aged >65 years, including very elderly individuals
and even nonagenarians.”’* Subgroup analyses have
reported similar efficacy of ICIs in older popula-
tions.* With quality of life being an important goal

for the geriatric population, and given the relatively
good tolerability of IClIs, these agents are the pre-
ferred choice for systemic therapy in this subset. For
patients who are not medical candidates for surgery,
radiation alone may be considered.®! For those with
advanced disease who wish to avoid the inconve-
nience and toxicity of a fractionated radiotherapy
regimen, durable palliative control can often be
achieved with SFRT with minimal toxicity.®

Conclusions

MCC is a highly immunogenic, virus-associated skin
cancer with a rapidly increasing incidence and clini-
cal impact. Immunotherapy with PD-1 axis blockade
leads to quick-onset, durable responses in metastatic
MCC, and thus eligible patients should receive im-
munotherapy as first-line systemic therapy. Current
research is centered around testing immunotherapy
in the adjuvant setting for high-risk disease, inves-
tigating combinations to enhance ICI efficacy, and
finding salvage therapies for patients with ICl-refrac-
tory disease. Learnings from immunotherapy success-
es and failures in MCC have high potential to guide
immunotherapy efforts more broadly for all cancers
and are worth aggressive pursuit.
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