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Abstract
Advanced Merkel cell carcinoma (MCC) is a very aggressive, rare neuroendocrine tumor of the skin with a high frequency of
locoregional recurrence and metastasis, and a high mortality rate. Surgical resection, sentinel lymph node biopsy, and radiother-
apy represent the gold standard of treatment in patients with localized disease, while chemotherapy has a significant role in the
treatment of advanced disease. However, no definitive evidence on the survival impact of radiotherapy in the advanced stages has
been provided to date, and response to chemotherapy remains brief in the majority of cases, indicating an urgent need for
alternative approaches. Biological and genome sequencing studies have implicated multiple molecular pathways in MCC, thus
leading to the development of new agents that target angiogenic factors, anti-apoptosis molecules, poly-ADP ribose polymerase,
intracellular signal proteins such as the PI3K/AKT/mTOR pathway, and peptide receptors such as somatostatin receptors. More
recently, immunotherapy agents such as avelumab, pembrolizumab, and nivolumab, which act by blocking the programmed cell-
death (PD)-1/PD-L1 immune checkpoint, have shown promising results, especially in the advanced setting, and should now be
considered standard of care for metastatic MCC. Current research is focusing on developing new immunotherapeutic strategies,
identifying predictive biomarker to aid in the selection of patients responsive to immunotherapy, and defining combination
approaches to increase efficacy in refractory patients.

1 Introduction

Merkel cell carcinoma (MCC) is a rare neuroendocrine tumor
(NET) of the skin with a very aggressive clinical course and
high propensity for locoregional recurrence and metastasis

Key Points

Merkel cell carcinoma (MCC) is a very aggressive disease,
especially in the advanced setting where currently available
treatments, such as radiotherapy, chemotherapy, and targeted
therapy, still only offer limited benefits to patients.  

Considering the strong association between MCC and
immune functions, immunotherapy–both as monotherapy
or in combinational strategies–offers a potential for extended
benefits in MCC patients, particularly in the advanced setting.
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[1]. Although still relatively rare—with an estimated 1500
new cases diagnosed in the USA each year [2]—the incidence
of MCC has tripled over the past 20 years [3]. The
Surveillance of Rare Cancers in Europe (RARECARE) pro-
ject reported an incidence rate of 0.13MCC cases per 100,000
between 1995 and 2002 [4]. The incidence of MCC increases
with age [5, 6], and themean age at diagnosis is approximately
75 years [7], although there are reports of MCC developing in
children and adolescents [8, 9].

MCC was first described in 1972 by Toker [10] as
Btrabecular carcinoma of the skin^. Currently, pathological
diagnosis of MCC using hematoxylin and eosin staining re-
quires further confirmation by immunohistochemistry tests,
including keratin-20 (CK-20), thyroid transcription factor
(TTF)-1, CD56, chromogranin A, synaptophysin, and neuro-
filament protein (NFP) [11, 12]. In particular, CK-20 is a very
sensitive marker for MCC, since CK-20-positive staining is
found in 89–100% of cases [13].

In 2016, an updated staging system [14] was introduced
following the analysis of prognostic factors in more than
9000MCC cases. The new categorization is based on primary
tumor size and disease extent at presentation, which is consid-
ered predictive of 5-year overall survival (OS), with estimates
of 51, 35, and 14% for local, nodal, and distant disease, re-
spectively. One of the main novelties of the updated staging
system is the definition of distinct clinical and pathological
prognostic stage groups, depending on how the disease is
detected; moreover, patients with unknown primary tumors
are regrouped into a separate substage, IIIA, which reflects
improved prognosis compared with subjects with metastatic
MCC and concurrent primary tumor [14].

Despite recent advances in therapeutic options, the clinical
outcome for the majority of MCC patients remains poor.
Progression to metastatic disease typically occurs within
3 years after diagnosis, with the most common sites being
regional lymph nodes, distant skin, lung, central nervous sys-
tem, bone, and liver [6].

1.1 Etiology

MCC development can be associated with integrated Merkel
cell polyomavirus (MCPyV) [15] and/or with ultraviolet light
(UV) exposure [16] or immunosuppression [17–19].

MCPyV is an abundant virus frequently detected on
healthy human skin [20, 21] and in approximately 80% of
MCC cases [15]. Serological evidence confirms that exposure
to the virus is essentially ubiquitous in the general population
[22, 23]. Human polyomavirus infection is usually asymptom-
atic, except in immunocompromised individuals, who can de-
velop nephropathy (BK virus) or progressive multifocal
leukoencephalopathy (JC virus) [24]. While the mechanism
ofMCPyV in the pathogenesis ofMCC is still unclear, there is
evidence that the virus plays a causal role in disease [25].

Recent studies have identified dermal fibroblasts as host cells
supporting productive MCPyV infection [26]. In these cells,
UV radiation and aging stimulate the Wnt signaling pathway
and matrix metalloproteinase (MMP) expression, eventually
promoting viral infection, and thus providing mechanistic in-
sight into the role of these main risk factors [27].

Therefore, two distinct etiologies and two distinct patho-
logical entities are currently being considered for MCC: virus-
positive tumors, where MCPyV-encoded transforming genes
(large and small T-antigens) support proliferation of neoplastic
cells, and MCPyV-negative MCCs, where a complex pattern
of UV-induced genetic changes act as driver mutations [28].

1.2 Genomic Landscape

The genomic landscape of MCC has recently been mapped,
highlighting the presence of multiple and often unique distinct
aberrations, as well as significant differences in the mutational
profiles of tumors with and without MCPyV [29].

MCPyV-negative tumors are characterized by a higher
overall mutation burden, presence of a UV-signature pattern
(C > T transitions accounting for 85% of mutations), and a
high number of predicted neoantigens [30–32]. Conversely,
in MCPyV-positive tumors, the mutation burden is low and
the UV signature is not observed [30, 31, 33].

Gene sequencing analysis conducted in the last few years
has identified multiple potential driver mutations in MCPyV-
negative tumors affecting several pathways, including TP53,
the cell cycle pathway (RB1), genes involved in chromatin
modification (ASXL1, MLL2, and MLL3), JNK (MAP3K1
and TRAF7), and DNA repair (ATM, MSH2, BAP1, BRCA1/
2, CHEK2, FANCA, andMLH1) [31, 32, 34, 35]. Aberrations
in the PI3K/AKT/mTOR pathway (AKT1, PIK3CG, AKT2,
FBXW7, NF1, PIK3CA, PIK3R1, PTEN, or RICTOR), the
MAPK pathway members (HRAS and NF1), and the receptor
tyrosine kinase FGFR2 were also commonly seen in MCC
[28, 34].

On the other hand, MCPyV-positive tumors harbor few so-
matic mutations and present more frequently with focal host
genome amplifications and fusion transcripts caused by viral
integration [33]. No TP53 mutations have been observed in
these tumors, while some cases of mutations in the RB1 gene
by mutated large T-antigen, or in the mTOR pathway by small
T-antigen, have been reported [32]. Finally, according to a re-
cent exome sequencing study, both types of tumors share some
rare cancer-promoting mutations that can activate the PI3K
pathway (HRAS, KRAS, PIK3CA, PTEN, and TSC1) and inac-
tivate the Notch pathway (NOTCH1 and NOTCH2) [31].

A more comprehensive understanding of the etiology
and mutagenic processes of viral and non-viral MCC
provides an important framework for investigating potential
new targets, and has profound implications for the effective
treatment of these tumors.
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In this paper, we review the current therapeutic options for
patients with advancedMCC, including recent therapies under
investigation in clinical trials, with a particular focus on the
novel immunotherapy approach.

2 Methods

2.1 Search Strategy

Studies were identified by searching MEDLINE (PubMed),
EMBASE and the ClinicalTrials.gov website.

Search terms included the following keywords: BMerkel
cell carcinoma^ associated with BMerkel cell polyomavirus^,
Btreatment^, Bprognosis^; Bchemotherapy ,̂ Bsomatostatin
analogues^; Bpeptide receptor radio-therapy ,̂ Bradiotherapy^
and Btargeted therapy .̂

A specific focus was placed on current targeted immuno-
therapeutic agents for MCC using the following keywords:
BMerkel cell carcinoma^ and Bimmunotherapy^^ associated
or not with BT-cell antigen receptor specificity ,̂ Bantigens,
neoplasm^, Btumor-infiltrating lymphocytes^, Bnext-genera-
tion sequencing^, Bavelumab^, Bpembrolizumab^,
Bnivolumab^, and Bipilimumab^.

The reference lists of the most important papers were also
examined, and some authors were contacted by e-mail for
further information about their work.

2.1.1 Inclusion/Exclusion Criteria

Inclusion was restricted to English-language articles pub-
lished in peer-reviewed journals. Abstract communications
from the most important conferences on NET were consid-
ered, while animal studies were excluded.

The reviewwas limited to studies published throughMarch
2018.

In the selection process, we favored randomized clinical
trials and observational studies included or not in systematic
reviews or meta-analyses. However, due to the limited evi-
dence on certain topics, both case series and case reports were
also included in this review.

2.1.2 Study Selection

Briefly, 1280 papers were identified. In the first stage, 1170
studies were excluded based on the publication title and ab-
stract content. For the next stage, full text of all relevant sci-
entific papers was analyzed; abstracts were considered when
an extended version of the work was not available. Finally, a
total of 42 papers were identified as eligible for this review.

A summary of the studies reviewed, including the type of
study, treatment options, and reference or NCT number, can
be found in Tables 1 and 2.

3 Current Therapeutic Options for Advanced
MCC

The selection of the best therapeutic approach is based on
multiple factors including tumor stage, particularly with re-
spect to nodal involvement, tumor location, and the patient’s
general condition. In localized MCC (TNM stage I and II),
surgery is the treatment of choice. Awide local excision with
1–2 cm resection margins up to the muscle fascia, associated
with sentinel lymph node (SLN) biopsy, is recommended. If
the SLN is involved, nodal dissection should be performed, or
radiotherapy (RT) to the nodal basin in patients who may not
tolerate a central neck lymph node dissection [49]. Adjuvant
radiation therapy to the primary site and regional nodes in
addition to lymph node dissection is generally recommended
[49, 50].

3.1 Radiotherapy

Radiotherapy (RT) to the primary excision site and regional
lymph node is most commonly used as adjuvant therapy after
surgery in early-stage disease, to improve locoregional control
and reduce the risk of recurrence. Radiotherapy may some-
times also have a role in advanced stages as palliative treat-
ment when surgery is not feasible due to unresectable disease
or in patients who are not candidates for surgical resection
[51–53].

The effect of postoperative RT in the adjuvant setting has
been investigated mainly in retrospective analyses, which
have reported a decrease in the probability of local and region-
al recurrence after postoperative RT [54–59]. Moreover, adju-
vant RT has been associated with improved survival, with a
median OS of 45 months after surgery alone versus 63months
with surgery plus RT [55].

However, it is important to note that no definitive evidence
on the survival impact of RT has been produced to date, and
further studies are still needed to clarify whether patient SLN
biopsy status should dictate the use of RT. A retrospective
study conducted by Grotz et al. in 111 MCC patients sug-
gested that nodal RT has no impact on recurrence rate or
survival benefit in SLN biopsy-negative patients [60].
Conversely, a single-institution study conducted in 113 pa-
tients with non-metastatic MCC of the head and neck showed
improved local and regional disease control after postopera-
tive RT in both clinical node-negative and clinical/
pathological node-positive patients [57].

According to the National Comprehensive Cancer
Network (NCCN) 2017 guidelines, the recommended dosage
of postoperative RT to the primary tumor site ranges from 50
to 66 Gy when the tumor is >1 cm, while in the case of widely
excised small primary tumors (<1 cm) with negative margins
and no other risk factors such as lymphovascular invasion or
immunosuppression, the guidelines suggest only observation
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[50]. Radiotherapy (50–60 Gy) is also indicated after lymph
node dissection in the presence of multiple involved lymph
nodes or in cases of extracapsular extension [50].

Hypofractionated schedules (e.g., 30 Gy/10 fractions,
20 Gy/5 fractions) can be used in a palliative setting or in
the case of patients with poor performance status [50]. It is
also important to consider that to obtain the best outcomes, RT
should be started within a few weeks after surgery [61].

When surgery is not feasible due to an unresectable tumor,
patient refusal, or high risk of operative morbidity, RT may be
used as single treatment. A recent systemic review suggests
that in patients with locoregional macroscopic MCC who are
not eligible for surgery, definitive RT may represent a poten-
tial cure, with clinically meaningful locoregional in-field con-
trol rates of 75–85% and 5-year OS ranging from 40 to 60%
[52].

The recommended schedule for obtaining good local dis-
ease control is 55 Gy in 20–25 fractions. The use of doses
>55 Gy is suggested for treatment of macroscopic disease,
while a hypofractionated scheme of 25 Gy in 5 fractions or
8 Gy in a single fraction is suggested for patients with poor
performance status and clinically significant comorbidities, or
in palliative treatment of symptomatic or visceral lesions [51].

3.2 Chemotherapy

Chemotherapy in MCC is mainly reserved for patients with
metastatic disease or as palliative therapy in symptomatic pa-
tients [62]. Most MCC chemotherapy regimens are extrapo-
lated from those used for small cell lung cancer (SCLC), and
comprise multiple agents such as cyclophosphamide, doxoru-
bicin, vincristine, etoposide, cisplatin, and carboplatin [63].

MCC is generally considered a chemosensitive tumor;
however, current literature data on the use of chemotherapy
in the metastatic setting are still scant, with most studies being
case series or case reports [62]. Due to the rarity of the disease,
there are no randomized trials comparing different chemother-
apy regimens, and the available data are still insufficient to
completely assess the effect of chemotherapy on patient
survival.

Overall, response to chemotherapy in metastatic disease
ranges from 20 to 61% [62]: in the first-line or mostly first-
line setting, response rates vary from 53 to 61% [39], while in
the second-line setting they range from 23% in patients with
known distant metastasis, to 45% in patients with unclear
metastasis location (nodal and/or distant) [40]. Regardless of
the line of therapy, durability of response is short, and most
patients experience relapse within 8 months [62].

The impact of chemotherapy onOS is still unclear. A recent
systematic literature review of 35 studies published up to
January 2016 reported a median OS of 9 months [62].

In addition to the unclear benefit in OS, chemotherapy is
associated with numerous toxicities, including fatigue,

alopecia, gastrointestinal diseases, renal toxicity, and especial-
ly hematological effects such as febrile neutropenia and leu-
kopenia [62]. In particular, regimens including platinum-
based agents such as carboplatin or cisplatin, with or without
etoposide or topotecan, are associated with significant adverse
reactions [50, 64].

The current use of cytotoxic chemotherapies with unclear
benefit and short duration of response highlights the need for
alternative treatment options in MCC.

3.3 Targeted Therapies

The recent availability of novel targeted agents has provided
new and promising opportunities for cancer care. Recent bio-
logical and genome sequencing studies have uncovered mul-
tiple molecularly targetable pathways implicated in MCC, in-
cluding angiogenic growth factors and their receptors (e.g.,
vascular endothelial growth factor [VEGF]-A and VEGF-C,
VEGF-R2, platelet-derived growth factor [PDGF]-α and
PDGF-β), peptide receptors (e.g., somatostatin receptors
[SSTR]1–5), intracellular signaling proteins (mTOR), and
other target molecules (c-kit, Mcl-1, Bmi-1) [65].

3.3.1 Angiogenic Targets

Biological agents targeting angiogenesis (pazopanib,
cabozantinib, and vatalanib) seem to be the most promising
drugs in MCC and are currently under evaluation in phase I
and II trials.

Pazopanib is a multi-tyrosine kinase inhibitor (TKI) that
targets VEGFR, PDGFR, FGFR, and c-kit, and has shown
clinical activity in a number of solid tumors, such as renal cell
carcinoma [66]. Little information is available on the effects of
pazopanib in MCC: so far, only one case report has been
published, which reported a partial response (PR) in both the
primary tumor and pulmonary metastases [41], and a phase II
trial is ongoing in the UK (UKMCC-01) [42].

A similar phase II trial, which is currently in the active
phase of recruitment, addresses the overexpression of
VEGFR2 in MCC by testing the safety and efficacy of
cabozantinib, a TKI with antiangiogenic activity against c-
Met and VEGFR2 (NCT02036476) [65]. Lastly, a phase I trial
already approved but not actively recruiting is evaluating
dose-limiting toxicity (DLT) and maximum tolerated dose
(MTD) for the combination of everolimus, an mTOR inhibi-
tor, and vatalanib, a new oral antiangiogenic small molecule
targeting all known VEGFRs, in patients with advanced solid
tumors, including MCC (NCT00655655).

3.3.2 Anti-Apoptosis Targets

B-cell lymphoma 2 (BCL2) is an anti-apoptotic protein whose
overexpression is associated with chemoresistance, aggressive
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clinical course, and poor survival [67]. Preclinical studies
have also identified upregulation of the critical anti-apoptotic
BCL2 gene in MCC [67, 68]. A multicenter phase II trial
tested the safety and efficacy of BCL2 antisense therapy in
patients with advancedMCC using oblimersen sodium, a nov-
el BCL2 antisense agent (G3139, Genasense) designed to spe-
cifically bind to BCL2-mRNA, promoting its degradation and
decrease in protein translation [38]. The study, conducted in
12 patients with histologically confirmed metastatic or region-
ally recurrent MCC, showed a good tolerability profile; how-
ever, no objective response for protocol-specified criteria was
observed.

3.3.3 Poly-ADP Ribose Polymerase Inhibitors

A promising area of clinical research is the investigation of
poly-ADP ribose polymerase (PARP) inhibitors in BRCA1/2-
mutated NETs [69]. Veliparib is an oral PARP inhibitor cur-
rently under evaluation in a number of phase I–III clinical
trials, including phase III studies in non-small cell lung cancer
(NSCLC) and ovarian and breast cancer [70].

In the USA, a phase I trial is ongoing to evaluate DLT and
MTD in a combination of veliparib plus capecitabine and
temozolomide in patients with metastatic NET, including
MCC (NCT02831179).

3.3.4 mTOR Inhibitors

Cohen et al. [34] reported abnormalities in the PI3K/AKT/
mTOR pathway that can be targeted by specific inhibitors
such as everolimus and temsirolimus in MCC. Since both
MCPyV-positive and MCPyV-negative MCCs have shown
activated PI3K/AKT signaling, PI3K and dual PI3K/mTOR
inhibitors may be used as potential targeted therapies, al-
though these agents have been proven to be ineffective in
many tumors with pathway activation [71].

With regard to RICTOR amplification, recent studies have
shown that this aberrationmay be targetable by investigational
mTORC1/mTORC2 inhibitors such as AZD8055 and
MLN0128. A phase I/II clinical trial is currently being con-
ducted to assess the safety and efficacy of MLN012 in nine
patients with recurrent/metastatic MCC (NCT02514824),
while AZD8055 has been investigated in multiple phase I
trials in advanced solid tumors (NCT00731263 and
NCT00973076). Other phase I trials have investigated the
possible synergistic effects of combination therapies including
an mTOR inhibitor. Study NCT01155258 assessed the asso-
ciation between temsirolimus and vinorelbine ditartrate in 19
patients with unresectable or metastatic solid tumors, includ-
ing MCCs, while study NCT00655655 investigated the pos-
sible synergistic effects of everolimus and vatalanib, as al-
ready mentioned above. Both trials have completed recruit-
ment, but no results have yet been published.

3.4 Somatostatin Analogues and Peptide Receptor
Radionuclide Therapy

Somatostatin receptors are up-regulated in MCC [72], thus
providing a rationale for treatment with somatostatin ana-
logues (SSAs) such as octreotide or lanreotide and peptide
receptor radionuclide therapy (PRRT).

Some encouraging responses have been observed in case
reports [44–46] in which a therapeutic radioisotope was
coupled with a peptide of this class (90Y-DOTATOC), dem-
onstrating clinical benefit with a favorable safety profile. A
phase II trial evaluating the efficacy of 177Lutetium-DOTA-
octreotate in NETs, including locally advanced or metastatic
MCC, is currently ongoing (NCT01237457). Other non-
radioactive SSAs, such as pasireotide (NCT01652547) and
lanreotide (NCT02351128), are also being investigated for
MCC treatment in clinical trials.

4 Immunotherapy

The discovery of MCPyV has revealed the existence of mul-
tiple interactions between the host immune system and MCC
biology, improving our understanding of tumor pathogenesis
and providing encouraging opportunities for immunotherapy
[73].

Indeed, multiple studies have proven the existence of a
spontaneous adaptive immune response against MCC tumor
cells. This response is both humoral, with increased titers of
virus-specific antibodies to MCPyV capsid protein (VP) and
to T-antigen oncoproteins, and cellular, mediated by MCPyV-
directed CD8+ and CD4+ T cells [73–75].

Intratumoral infiltration by MCPyV-specific T cells is par-
ticularly important in MCC, as it seems to be associated with
improved survival and better prognosis [76]. Several studies
have investigated the presence of tumor-infiltrating lympho-
cytes (TILs) inMCC patients and its association with response
and survival, leading to the identification of some prognostic
and predictive markers [76–79].

Despite the activation of an anti-tumor immune response,
MCCs are often able to circumvent the host immune system,
leading to tumor escape and progression [73]. One of the
mechanisms of immune evasion employed by many MCCs
is the downregulation of HLA class I expression on tumor
cells, leading to a dysfunctional endogenous MCPyV-
specific CD8+ T-cell response [80, 81]. Another crucial mech-
anism of evasion is related to the PD-1/PD-L1 pathway. The
binding of PD-L1, an immune checkpoint protein, to its main
receptor PD-1, expressed by activated T lymphocytes, leads to
inhibition of kinase signaling pathways involved in T-cell pro-
liferation, survival, and cytotoxic activity (including cytokine
release), preventing overstimulation of the immune response
[82]. In MCCs, PD-L1 can be expressed both by tumor cells
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and adjacent immune cell infiltrates, thus contributing to the
emergence of immune escape [79, 83].

The discovery of immune-related inhibitory markers pro-
vides a rationale for investigating the therapeutic potential of
immune checkpoint inhibitors in MCC [75]. Agents designed
to restore, stimulate, or enhance the ability of the immune
system to recognize and eliminate tumors such as anti PD-1/
anti-PD-L1 antibodies have shown extremely promising re-
sults in a series of solid cancers [84], and have also achieved
rapid and important progress in the treatment of MCC.
Furthermore, the combination of immune stimulatory thera-
pies (e.g., local and systemic immune therapies) seems to be a
promising approach for overcoming immune evasion in
MCC, especially in virus-driven cancers [85].

In summary, the immunotherapy approach in metastatic
MCC is supported by:

& The peculiar biology of this virus-induced tumor and its
association with immunosuppression [86]. Patients affect-
ed byMCC present MCPyV-specific humoral and cellular
immune responses, which are linked to the natural history
of the disease [76]. Although immunogenic viral proteins
are persistently expressed, MCC is eventually able to
evade the immune system, leading to tumor progression.
Understanding the mechanisms of MCC immune evasion
is a crucial step for developing immune therapies to im-
prove patient outcomes [73];

& The expression of PD-L1 by MCPyV-specific CD8+ T
cells, MCC tumor cells, and adjacent immune infiltrates,
based on the clinical activity reported by anti-PD-L1 in-
vestigational drugs in tumors expressing PD-L1 on the
cancer cell surface or in the tumor microenvironment
(TME) [79].

& The higher mutational burden of MCPyV-negative tumors
[87, 88], in which a markedly elevated number of tumor-
associated neoantigens are detected [88].

4.1 The Immune Contexture in MCC
and Prognostic/Predictive Value of the Immune
Infiltrate in MCPyV-Positive and MCPyV-Negative
Tumors

A common theme emerging in most solid tumors, and also in
MCC, is that the presence of a T-cell infiltrate and/or expres-
sion of inhibitory receptor ligands such as PD-L1 may have
prognostic (e.g., improving survival) and/or predictive value
for response to immunotherapy [76].

Patients with virus-positive MCC present a robust humoral
and cellular immune response against MCPyV, which consists
for example of a high hematic antibody titer, developed in
response to immunogenic oncoproteins such as MCPyV T-
antigens [89, 90] and by the presence of CD4+ and CD8+ T

cells specific for viral oncoproteins within the tumor and in the
peripheral blood [74, 75]. Chronic exposure to these
oncoproteins in virus-positive MCC leads to the upregulation
of inhibitory receptors such as PD-1 and T-cell immunoglob-
ulin mucin (Tim)-3, with consequent development of an
exhausted T-cell phenotype in the TME [79, 91]. Over time,
this translates to the emergence of immune escape.

MCPyV-positiveMCC not only presents TILs and frequent
PD-L1 expression, but also circulating virus-specific T cells,
which express different inhibitory receptors and whose fre-
quency increases with progression of the disease [79].
Moreover, high levels of regulatory T cells have also been
reported in several tumors [91]. Collectively, these immuno-
suppressive signals permit tumor evasion from cytotoxic T-
cell attack.

Remarkably high numbers of tumor-associated
neoantigens have been detected in virus-negative MCCs
[88]. Even though the levels of PD-1/PD-L1 expression in
virus-negative MCC seem to be lower than those found in
virus-positive MCC [83], a subset of virus-negative tumors
has shown high levels of TILs and PD-L1, matching the high
mutational load in these tumors [28].

Additionally, patients with MCPyV-positive tumors seem
to have better OS than patients with MCPyV-negative tumors,
as already observed in other immunogenic tumors [92].

The high mutational burden observed in virus-negative
MCC explains why T cells would easily respond to its
neoantigens. In general, high infiltration by CD8+ T lympho-
cytes and upregulation of genes involved in immune re-
sponses correlate with a better prognosis [6, 14]. A recent
study by Feldmeyer et al. showed that patients with higher
CD3+ and CD8+ T-cell density at the tumor periphery had
improved OS in MCPyV-positive, but not MCPyV-negative,
MCC [93].

4.2 Current Immunotherapeutic Agents for MCC

In this section, current data on the activity and safety of im-
munotherapeutic agents in MCC are reviewed. Studies
evaluating combinations of immunotherapeutic agents
with other immunotherapies or targeted therapies are
examined (Table 2).

4.2.1 Anti-PD-(L)1

Two anti-PD-(L)1 agents, pembrolizumab and avelumab, are
in advanced stages of development for the treatment of MCC
(Table 3). Nivolumab, a fully human IgG4 PD-1 immune
checkpoint inhibitor, is also currently being evaluated for the
treatment of MCC [94].

Pembrolizumab Pembrolizumab (MK-3475) is a potent, high-
ly selective IgG4-k humanized monoclonal antibody that
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inhibits the interaction between the PD-1 receptor and its li-
gands (PD-L1 and PD-L2). Pembrolizumab is characterized
by a high affinity for PD-1, strong inhibition of PD-L1 and
PD-L2, and robust activity in functionally modulating T-cell
activity, as shown in an ex vivo assay conducted on human-
donor blood cells [95].

A phase I study evaluated the safety, MTD, anti-tumor
activity, pharmacokinetics, and pharmacodynamics of
pembrolizumab in 30 patients with advanced solid tumors
[96]. In this study, one complete response (CR) was observed
after 90 weeks in a previously untreated MCC patient who
received pembrolizumab 2 mg/kg every 3 weeks. Treatment-
related adverse events (AEs), mainly fatigue, nausea, and pru-
ritus, were observed in 70% of cases (21 patients), and were
generally not serious and were easily manageable in clinical
practice.

In a recent phase II trial [97], 26 previously untreated pa-
tients with stage IIIB or IV MCC and an Eastern Cooperative

Oncology Group (ECOG) performance status of 0 or 1 re-
ceived at least one dose of pembrolizumab. The median age
was 68 years (range: 57–91). Nine patients were classified as
having MCPyV-negative and 17 (65%) MCPyV-positive tu-
mors (35%). In this study, four patients achieved CR and ten
patients had a partial response (PR), resulting in an overall
response rate (ORR) of 56% (14 of 25 evaluable patients).
Responses were observed in ten of 17 MCPyV-positive and
in four of nineMCPyV-negative patients. Pretreatment PD-L1
expression was more frequent in virus-associated tumors, but
did not predict response to pembrolizumab. Similarly, no re-
lationwas observed between the level of intratumoral CD8+ T-
cell infiltration and patient response status (responder vs. non-
responder).

Treatment-related AEs of any grade occurred in 77% of
patients, with fatigue and laboratory abnormalities such as
anemia, leukocytosis, and thrombocytopenia being the most
common. Grade 3 or 4 treatment-related AEs were observed

Table 3 Main differences
between pembrolizumab and
avelumab phase II studies

Pembrolizumab trial Avelumab trial

Study phase II II

Target population Advanced MCC Advanced MCC,
chemotherapy-refractory

Patients accrual 26 88

Line of treatment First Second

MCPYV status, n (%):

• Positive 17 (65) 46 (52)

• Negative 9 (35) 31 (35)

• NA – 11 (13)

PD-L1 expression, n (%):

• Positive 14 (56) 58 (66)

• Negative 11 (44) 16 (18)

• NA – 14 (16)

Results, n (%):

• RR (CR + PR) 14 (56) 28 (31,8)

• RR in MCPYV-positive 10 (62) 12 (26.1)

• RR in MCPYV-negative 4 (44) 11 (35.5)

• RR in PD- L1-positive NA 20 (34.5)

• RR in PD-L1-negative NA 3 (18.8)

mPFS (months) 9 2.7

6-month PFS rate (%) 67 40

Toxicity, n (%):

• Grade 1–2:

– Fatigue 12 (46) 21 (24)

– Diarrhea 1 (3,8) 8 (9)

– Endocrine-related adverse event 3 (12) 6 (6)

• Grade 3–4:

– Blood creatine phosphokinase increased 1 (3.8) 1 (1)

– Aminotransferase increased 5 (19.7) 1 (1)

MCC Merkel cell carcinoma, mPFS median progression-free survival, MCPyV Merkel cell polyomavirus, AE
adverse event, RR response rate, CR complete response, PD-L1 programmed death-ligand 1, PR partial response
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in four of the 26 patients (15%): one patient had G4 myocar-
ditis after one dose of pembrolizumab, and another had G4
hypertransaminasemia after two doses of pembrolizumab.
Both AEs resolved after discontinuation of pembrolizumab
and initiation of steroids. Both also had durable tumor regres-
sion (one PR and one CR).

At the 2018 American Society of Clinical Oncology
(ASCO) annual meeting, Nghiem et al. presented additional
data on an expansion cohort of 24 patients, for a total of 50
patients followed for up to 2 years. The results, which repre-
sent the longest observation of anti-PD-1 therapy in patients
with advanced MCC, confirmed the beneficial effect of
pembrolizumab, with durable tumor control (ORR: 50%,
CR: 19%, PR: 31%), a favorable survival rate (PFS not yet
reached and 68% OS at 18 months), and a manageable safety
profile [98].

Avelumab Avelumab (MSB0010718C) is a fully human anti-
PD-L1 IgG1 monoclonal antibody that in 2017 received ac-
celerated approval by the US Food and Drug Administration
(FDA) for the treatment of MCC, and was recently approved
in Europe and in Japan [99–101]. Avelumab seems to stimu-
late both the adaptive and innate immune response—the for-
mer thanks to the inhibition of PD-L1/PD-1, which in turns
leads to T-cell activation, and the latter by inducing antibody-
dependent cell-mediated cytotoxicity (ADCC) through the na-
tive Fc region.

The JAVELIN Merkel 200 trial investigated the safety and
efficacy of avelumab 10 mg/kg every 2 weeks in 88 patients
previously treated for metastatic MCC [27]. The response rate
after 10.4 months was 31.8% (20 PR and 8 CR), with stable
disease in 10% of cases (SD). Seventy percent of patients
suffered treatment-relatedAEs. Inmost cases these were grade
1–2 fatigue or infusion-related reactions. A limited number of
patients suffered more serious adverse reactions (two grade 3
lymphopenia and three grade 3 laboratory abnormalities);
however, no grade 4 treatment-related AEs or treatment-
related deaths occurred. The results of this study suggest that
avelumabmight be beneficial in patients whose tumors are not
driven by status of PD-L expression of MCPyV, since no
correlation was detected between these characteristics and pa-
tient response rates.

The long-term results of the JAVELIN Merkel 200 trial
were recently published, also confirming the efficacy of
avelumab in this population with longer follow-up. After
≥1 year of follow-up, ORR was 33.0% (with 11.4% CR),
responses were durable, with a median duration of response
not reached at the time of the analysis, the median OS was
12.9 months, and 1-year PFS was 30%. According to sub-
group analysis, patients with fewer prior lines of systemic
treatment, lower disease burden at baseline, and PD-L1-
positive tumors had a higher probability of response. The lon-
ger follow-up analysis further confirmed that PD-L1

expression and MCPyV status did not affect the duration of
response to avelumab [102]. These results were further con-
firmed after ≥2 years of follow-up, as presented at the 2018
ASCO meeting [103].

A second part of the JAVELINMerkel 200 trial is currently
testing the safety and efficacy of avelumab as first-line treat-
ment in patients with metastatic MCC [104]. The recently
published interim analysis, which reported the results on 29
patients with at least 3 months of follow-up, showed high rates
of response and a good tolerability profile for avelumab as
first-line therapy. Specifically, the study reported an ORR of
62.1%, with 77.8% of the responses still ongoing at the time of
the analysis; the rate of ongoing response was estimated at
93% at 3 months and 83% at 6 months. Moreover, avelumab
was generally safe, with no treatment-related grade 4 AEs or
deaths. These results further support approval of avelumab as
standard of care for metastatic MCC [104].

Nivolumab A recently published case report has highlighted
the potential benefit of nivolumab in terms of durability of
response in metastatic MCC [94]. Indeed, the case shows
achievement of a PR after two cycles of nivolumab, and par-
tial metabolic response (assessed by FDG-PET/CT) by cycle
5. After cycle 6, the patient was treated with intravenous ste-
roids due to pneumonia and autoimmune hepatitis. He was
subsequently discharged on prednisone 1 mg/kg per day,
and after a slow steroid taper and no further treatment with
nivolumab, he maintained an excellent PR in distant metasta-
sis, with no new sites of disease and no recurrence on physical
examination for 8 months.

The results of a phase I/II study (NCT02488759) recently
presented at the ASCO meeting highlighted the good safety
profile and the beneficial effects of nivolumab as neoadjuvant
treatment in patients with resectable MCC. The study investi-
gated the response to nivolumab, administered intravenously
at a dose of 240 mg for 4 weeks before surgery, in 25 patients
with resectable MCC, including 18 subjects with MCPyV-
positive cancer. Substantial radiological and pathological tu-
mor regression was observed in 45 and 65% of patients, re-
spectively, obviating in some cases the need for a subsequent
surgery, and after 12 months most of the subjects were free of
tumor progression [105].

4.2.2 Ipilimumab

Ipilimumab inhibits the checkpoint molecule CTLA-4 and is
approved as immunotherapy for metastatic melanoma [106].
This new drug seems to improve recurrence-free survival in
the adjuvant setting, in patients with completely resected high-
risk stage III melanoma [107]. The effects of ipilimumab as
adjuvant therapy in patients with resected MCC were further
investigated in comparison to close observation in a European
phase II trial (NCT02196961). The preliminary results in 47
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patients led to the early termination of the study, as no signif-
icant difference in disease-free survival was observed between
the treatment and observation arms, and patients who received
ipilimumab showed fourfold increased occurrence of AEs,
including ≥ grade 3 AEs. Based on these results, adjuvant
ipilimumab should not be considered in MCC patients [108].

4.2.3 Safety of Checkpoint Inhibitors

Despite clinical benefit [109, 110], many immune checkpoint
inhibitors have been associated with immune-related AEs
(irAEs). In general, toxicities related to immunotherapy may
be divided into Bon-target^ and Boff-target^ [111]. The former
occurs when the immune activation is directed against anti-
gens present on healthy cells, while the latter is caused by the
modulation of other targets [111], such as alterations in immu-
nological tolerance.

Depending on the type of checkpoint inhibitors, AEs may
range from diarrhea, colitis, hepatitis, and skin toxicities, to
more serious endocrinopathies such as hypophysitis or thyroid
dysfunction [112].

In particular, treatment with monoclonal antibodies that
blocks the CTLA-4 and PD-1 immune checkpoints leads to
activation of T cells specific to tumor antigens and potentially
to self-antigens [113]. This may induce autoinflammatory
irAEs, which are mostly grade 1–2 and are usually reversible
[114], despite requiring attentive monitoring. The most com-
mon types of irAEs reported with checkpoint pathway inhib-
itors include gastrointestinal, dermatological, and endocrine
side effects [114].

4.3 Potential Novel Immunotherapy Strategies
for MCC

4.3.1 Combination Immunotherapy

Immunotherapy combinations have demonstrated superior ef-
ficacy over single agents in the treatment of various cancer
types, including melanoma [115]. Combining immunother-
apies may increase the risk of irAEs [116], even though these
appear to be manageable and in most cases resolve with the
use of immune-modulatory agents [117].

A phase I/II study (NCT02488759) is currently recruiting
participants to investigate the safety and effectiveness of
nivolumab, alone or in combination therapy, in patients with
virus-associated tumors, such as Epstein-Barr virus (EBV)-
positive gastric and nasopharyngeal cancer; human
papillomavirus-positive cervical, vaginal, and vulvar cancer,
and squamous cell cancer of the head and neck (SCCHN); and
MCPyV-positive MCC.

Another research strategy in this field includes the use of
cellular adoptive immunotherapy to stimulate the immune
system and stop tumor cells from growing. Aldesleukin is a

recombinant IL-2 which may stimulate white blood cells to
kill tumor cells. A phase I/II trial (NCT01758458) testing the
side effects, best administration schedule, and efficacy of
laboratory-treated autologous Tcells together with aldesleukin
in patients with metastatic MCC was recently terminated.

Lastly, an open-label multicenter phase I/II study
(NCT02643303) is now under way that is investigating an
anti-CTLA-4 antibody, tremelimumab, and the anti-PD-L1
antibody durvalumab (MEDI4736) in combination with the
TME modulator poly-ICLC, a TLR3 agonist, in subjects with
advanced, measurable, biopsy-accessible cancers, including
MCC.

4.3.2 Other Immunotherapy Strategies

A natural killer cell line, activated NK-92 natural killer cells
(aNK; formerly Neukoplast), recovered from a patient with a
large granular lymphoma is now under evaluation in a multi-
center, non-randomized, open-label phase II trial
(NCT02465957) in patients with unresectable stage III (IIIB)
or metastatic (stage IV) MCC.

Talimogene laherparepvec is a genetically modified herpes
simplex virus type 1 that replicates within tumor cells and
produces granulocyte–macrophage colony-stimulating factor
(GM-CSF) to enhance anti-tumor immune response [118]. A
phase II trial (NCT02978625) investigating talimogene
laherparepvec and nivolumab in patients with lymphomas or
non-melanoma skin cancers that did not respond to standard
treatment is about to start recruitment.

5 Expert Commentary

MCC is a very aggressive disease with a high rate of mortality.
Surgical resection, SLN biopsy, and RT remain the gold stan-
dard treatment in patients with localized disease.
Chemotherapy plays a significant role in the treatment of ad-
vanced disease, but in the majority of cases remission is brief
[119], indicating an urgent need for alternative approaches.

Incidence and prognosis of MCC are strongly related to
immune function in both virus-positive and virus-negative
MCCs [120]. Immunotherapy offers a potential for extended
benefits in MCC, particularly in advanced disease. Further
research is needed to identify predictive biomarkers capable
of selecting patients responsive to immunotherapy. On the
other hand, combination therapies, such as nivolumab and
ipilimumab, may demonstrate some efficacy in patients whose
disease proves refractory to immune checkpoint monotherapy
[121]. However, this combination may be associated with in-
creased toxicity, which should be carefully considered, espe-
cially given the advanced age and the overall frail status of
MCC patients.
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Furthermore, the successful treatment of patients on immu-
notherapy depends on timely identification and correct man-
agement of immune-related AEs. Serious irAEs, if not ade-
quately managed, can lead to treatment discontinuation and
life-threatening sequelae. For this reason, a multidisciplinary
comprehensive approach within a team of experts is certainly
the first step in the management of patients with MCC
experiencing toxicities with immunotherapies.

6 Future Perspectives

MCC is a rare and aggressive skin cancer, with overall 5-year
survival rates of 51, 35, and 14% for local, nodal, and distant
disease, respectively [14]. Given the poor prognosis, interdis-
ciplinary management and effective strategies to improve sur-
vival are needed.

In the last few years, tremendous advances have beenmade
in the treatment of NETs, thanks to the development of immu-
notherapy. Despite the positive results, however, more work
still needs to be done.

The identification of predictive biomarkers and clinical fac-
tors is needed to help predict response in MCPyV-positive
versus MCPyV-negative patients, and in PD-L1-positive ver-
sus PD-L1-negative MCC. Significant advances in cancer
immunobiology, including whole-exome sequencing, RNA
expression evaluation, T-cell receptor sequencing, proteomics,
multiplex immunohistology, flow cytometry, epigenetics, and
microbiome composition, will play an important role in iden-
tifying future biomarkers to guide treatment selection for each
patient [122].

Despite the emergence of extremely encouraging clinical
results regarding immunotherapy in solid tumors thanks to the
inhibition of CTLA-4 and PD-1 (and especially of their com-
bination), there are still numerous non-responder patients, or
patients whose survival could be greatly prolonged. How can
we improve outcomes in this setting? The challenge for re-
searchers is to obtain a response even from patients whose
tumors do not seem to have the immunogenic characteristics
initially required. The main strategy would be to enhance ac-
cess of lymphocytes to the TME. First of all, it is believed that
some potential approaches (such as chemotherapy, radiother-
apy, surgery, targeted therapy, and antiangiogenic and hor-
mone therapy), when combined (in association or in se-
quence) with immunotherapeutic agents capable of modulat-
ing the immune system (blocking [CTLA-4, PD-1/PD-L1,
LAG3, TIM3] or stimulating [ICOS, vaccines, cytokines,
oncolytic viruses] agents), could achieve this goal through
greater release of endogenous tumor antigens, reduced influ-
ence of immunosuppressive mechanisms, and greater activa-
tion or specificity of T lymphocytes. It is also well known that
many of the conventional treatments, including targeted ther-
apies and antiangiogenic therapies, are able to reduce the

negative influence of the suppressor cells contributing to the
secondary improvement in tumor immunity [123].

Another future challenge for researchers is represented by
individualized immunotherapy for each patient, which could
be achieved thanks to the development of adoptive T-cell ther-
apy or the identification and exploitation of single cancer
neoantigens.

Lastly, it is important to emphasize that new molecules of
the immune checkpoint family (both inhibitors and acti-
vators) are in the initial phase of investigation and could
enrich the armamentarium of oncological drugs based on
immunomodulation in the near future.
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