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KEY POINTS

� Merkel cell carcinoma (MCC) is a rare malignancy, but its incidence is rapidly increasing, with 0.79
cases occurring per 100,000 person-years. Most cases of MCC are linked to the Merkel cell poly-
omavirus (MCPyV). Ultraviolet radiation exposure, immunosuppression, and increased age are
other important risk factors.

� Treatment of the primary tumor includes wide or narrow margin excision or Mohs micrographic sur-
gery; adjuvant radiation therapy is administered after narrow excision and can be considered after
wide excision or Mohs surgery.

� MCC has a high risk of nodal metastasis, so sentinel lymph node biopsy is recommended in all pa-
tients with clinically negative nodes to determine prognosis and to plan comprehensive therapy.

� Immunotherapy has replaced chemotherapy as first-line therapy for metastatic MCC. Avelumab
and pembrolizumab inhibit the programmed cell death-1 pathway and are approved by the Food
and Drug Administration for MCC.

� Long-term surveillance with MCPyV oncoprotein antibody levels and imaging are recommended
due to the high risk of local, regional, and distant recurrence.
INTRODUCTION

Merkel cell carcinoma (MCC) is a rare neuroendo-
crine carcinoma with high rates of local recurrence
and metastasis. Five-year survival rates are 51%
for local disease, 35% for nodal disease, and
14% for distant disease.1 National Comprehensive
Cancer Network (NCCN) guidelines for MCC are
evolving rapidly. We discuss the epidemiology
and pathogenesis of MCC and provide an
evidence-based approach to diagnosis, staging,
therapy, and surveillance.2

EPIDEMIOLOGY AND RISK FACTORS

The incidence of MCC has steadily risen over the
past 30 years.3 Analysis of the Surveillance,
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Epidemiology, and End Results (SEER) registry in
the United States revealed an incidence of 0.79
cases per 100,000 person-years in 2011, or
approximately 1600 new cases each year, a 95%
annual increase since 2000.3 European countries,
Australia, and China have also seen increasing
incidence of MCC over the past several
decades.4–6

This increase has been primarily attributed to
the rising proportion of the worldwide population
older than 65 years, as MCC incidence is highest
during the eighth decade of life, likely due to immu-
nosenescence as well as higher cumulative expo-
sure to ultraviolet (UV) radiation.3,7 The rise is also
likely partly due to increased reporting as well
as improved diagnostics, namely cytokeratin-20
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(CK-20) immunohistochemical staining, which was
introduced in 1992.8

The prevalence of MCC varies significantly with
geography, race, and sex. UV radiation is a risk
factor for MCC; therefore, MCC preferentially af-
fects individuals living in geographic areas with
high UVB radiation indices.9 MCC is also approxi-
mately 25-fold more common in white than in other
ethnic groups and affects men more than
women.10 Immunosuppressed patients, such as
those with hematologic malignancy, human immu-
nodeficiency virus infection, or history of solid or-
gan transplantation, are also at higher risk for
MCC.11
PATHOGENESIS
Merkel Cell Polyomavirus (Virus-Positive
Pathway)

Discovered in 2008, the Merkel cell polyomavirus
(MCPyV) is ubiquitous, with 60% to 80% of the
population infected based on serology and initial
exposure likely occurring during childhood.12–14

Despite the high incidence of MCPyV infection,
MCC is rare likely because of adequate immuno-
surveillance in the large majority of individuals.15

Nearly 80% of MCC in the United States is attrib-
uted to MCPyV, compared with only 25% in
Australia.16

In the evolution of MCC, MCPyV DNA is clonally
integrated into the host cell genome, resulting in
the expression of 2 oncoproteins: small T-antigen
(T-Ag) and large T-Ag.12,17 The small T-Ag pro-
motes transcription and gene expression to trans-
form fibroblasts and is postulated to initiate
tumorigenesis.17 Meanwhile, the large T-Ag in-
hibits the tumor suppressor genes retinoblastoma
(Rb) and p53, producing uncontrolled MCC cell
proliferation.17,18 Notably, the mutational burden
of virus-positive MCC is the lowest among all
cancers.19
Ultraviolet Radiation (Virus-Negative
Pathway)

The remaining cases of MCC are attributed to UV
exposure, accounting for roughly 20% of cases in
the United States and most cases in Australia.16

MCPyV-negative MCC cells show the highest
burden of UV-associated mutations and neoanti-
gen expression of any malignancy, including mel-
anoma and cutaneous squamous cell carcinoma
(cSCC).20,21 An array of loss-of-function muta-
tions in tumor suppressor, DNA repair, and acti-
vating genes have been implicated in MCPyV-
negative MCC, including inactivation of Rb and
p53.20,21
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Cell of Origin

The cell of origin in MCC remains unidentified and
controversial. It is likely derived from a cell popula-
tion such as dermal fibroblasts that enter the Mer-
kel cell differentiation pathway before or during
neoplastic transformation.22–24 MCPyV can infect
dermal fibroblasts, whereas UV radiation likely
stimulates the expression of genes in fibroblasts
that encode matrix metalloproteinases, driving
MCC development.25,26 Investigators have
recently suggested that MCC may encompass 2
tumors: a neuroendocrine carcinoma related to
MCPyV integration derived from fibroblasts and a
UV-related squamous cell carcinoma (SCC) with
neuroendocrine differentiation derived from kerati-
nocytes or epidermal stem cells.27 Others have
argued that the term MCC is a misnomer and
that the cell of origin is a pre-B lymphocyte rather
than a Merkel cell.24

DIAGNOSIS
Clinical Presentation

The primary lesion in MCC classically manifests as
a solitary erythematous or violaceous papulonod-
ule or plaque on sun-exposed skin (Fig. 1), most
commonly on the head and neck followed by the
extremities.28 It is usually firm and nontender,
and it may ulcerate and grow rapidly after it first
appears, often doubling in size within 1 to
3 months. Metastatic MCC with no known primary
tumor can also occur and accounts for 4% of all
cases.1

Common features of MCC are captured in the
acronym “AEIOU”: asymptomatic, expanding
rapidly, immunosuppression, older than age 50,
and ultraviolet radiation.28 This acronym is sensi-
tive in that 89% of patients with MCC have at least
3 of these 5 characteristics, but it is not specific.28

The nonspecific clinical appearance of MCC can
have a broad clinical differential diagnosis,
including a cyst, lipoma, dermatofibroma, cSCC,
basal cell carcinoma (BCC), or amelanotic mela-
noma.29 Biopsy is necessary for diagnosis.

Histopathology and Immunohistochemistry

Histopathology often exhibits nodular growth in
the dermis and subcutis (Fig. 2A) of undifferenti-
ated small, round blue cells with large nuclei con-
taining granular chromatin, scant cytoplasm, high
mitotic figures, apoptotic bodies, and necrosis
(Fig. 2B).30 The histopathologic differential diag-
nosis includes BCC, melanoma, Ewing sarcoma,
neuroblastoma, leukemia cutis, and metastatic
small-cell lung carcinoma.30 MCC in situ, in which
neoplastic cells are confined to the epidermis or
ealth and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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Fig. 1. Classic clinical appearance and anatomic loca-
tion of MCC: a pink, erythematous nodule with cen-
tral ulceration on the left ear.
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follicular epithelium, may mimic pagetoid intraepi-
dermal neoplasms such as SCC in situ, melanoma
in situ, or extramammary Paget disease.31 Last, a
small-cell variant of MCC may share histopatho-
logic features with cutaneous lymphoma.32

Immunohistochemistry with neurofilament, CK-
20, CK-7, and thyroid transcription factor-1 (TTF-
1) exhibits high sensitivity and specificity in
distinguishing MCC from common histopathologic
mimics (Table 1).30 CK-20 stains MCC in both a
diffuse cytoplasmic and a perinuclear dot pattern
with 75% sensitivity, with the latter more specific
for MCC (Fig. 2C).8,33 Neurofilament promotes
detection of CK-20-negative tumors and also
Fig. 2. Typical histopathologic appearance of MCC. (A) Nod
dermis; hematoxylin and eosin, original magnification �2
with round nuclei with finely granular chromatin, scant eo
ures and apoptotic cells; hematoxylin and eosin, original
cytokeratin-20 shows positivity with a characteristic perin
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frequently exhibits a perinuclear dot pattern.34

Most MCC lesions are CK7-negative, but a minor-
ity of cases demonstrate partial CK-7 positivity.35

TTF-1 is typically negative and assists in differen-
tiating MCC from metastatic small-cell lung carci-
noma.36 Expression of neuroendocrine markers
such as synaptophysin, chromogranin, CD56,
and neuron-specific enolase is also characteristic
of MCC, but their specificity is low.34 Lymphovas-
cular invasion can be assessed with D2-40 or
CD31 staining.
STAGING AND PROGNOSIS
American Joint Committee on Cancer Staging

In addition to biopsy of the primary MCC, physical
examination, imaging, and lymph node (LN) sam-
pling are necessary to stage patients (Fig. 3) to
determine prognosis, treatment, and eligibility
for clinical trials. Updated in 2018, the American
Joint Committee on Cancer (AJCC) 8th Edition
staging system implemented changes to stratify
patients by prognosis more accurately (Ta-
ble 2).37 The revision distinguishes between clin-
ical and pathologic staging for LNs and distant
metastases, an important distinction, as pathol-
ogy provides more accurate prognostication
than clinical assessment.38 It also now stratifies
patients with nodal disease based on whether
the primary tumor is known or unknown, because
metastases with unknown primary tumors have
better prognoses.38

Other Prognostic Factors

Additional factors affect prognosis but are not
currently reflected in the AJCC 8th Edition staging.
Multiple studies have shown that patient-specific
factors, such as male sex, immunosuppression,
and increasing age at diagnosis, are associated
with decreased survival and increased recurrence
rates.39,40 Infiltrative growth on microscopy has
ular collection of monotonous, round blue cells in the
5. (B) High-power magnification shows atypical cells
sinophilic cytoplasmic rims, and numerous mitotic fig-
magnification �150. (C) Immunohistochemistry with

uclear dot pattern; magnification �150.
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torización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Table 1
Immunohistochemical staining of Merkel cell carcinoma and histopathologic mimics

Stain MCC SCLC Neuroblastoma Ewing Sarcoma

Cytokeratin-7 �a 1/� � �
Cytokeratin-20 1 � � �
Thyroid transcription factor-1 � 1 � �
Neuron-specific enolase 1 1 1 1/�
Chromogranin A 1 1 1 �
Synaptophysin 1 1 1 1/�
Neurofilament 1 � 1 1

CD56 1 1 1 1/�
Abbreviations: CD, cluster of differentiation; MCC, Merkel cell carcinoma; SCLC, small-cell lung cancer.

a Cytokeratin-7 (CK-7) is typically negative in MCC; however, a small subset of CK7-positive cases has been described.36
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also been associated with decreased survival
compared with a nodular pattern; evidence re-
mains contradictory on whether Breslow depth af-
fects prognosis.1 Last, detectable antibodies to
T-Ag at diagnosis correlate with lower recurrence
rates and increased survival.41,42

Baseline Imaging

Up to 13% of patients may exhibit clinically occult
metastatic disease on baseline imaging.43 There-
fore, NCCN guidelines now recommend consid-
ering baseline imaging at diagnosis for all
patients before surgery.2 PET–computed tomog-
raphy (PET-CT) is recommended over CT,
Fig. 3. Overview of evaluation, treatment, and monitorin
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because PET-CT is twofold more sensitive (17%
vs 7%) in upstaging patients.2,43

Regional Lymph Nodes

In addition to imaging, clinical assessment of the
regional LNs should be performed. Patients with
palpable nodes or nodal disease on imaging
should undergo fine-needle aspiration, core-
needle biopsy, or excisional biopsy.2 Excisional bi-
opsy should be considered if needle aspiration or
core biopsy is negative to exclude a false-
negative biopsy result.2,44 For those with no clin-
ical or radiologic nodal involvement, sentinel
lymph node biopsy (SLNB) should be performed,
g for MCC. FNA, fine-needle aspiration.
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Table 2
American Joint Committee on Cancer 8th Edition staging system for Merkel cell carcinoma

Stage Method Primary Tumor Lymph Node Metastasis

0 Pathologic In situ (within
epidermis only)

No regional lymph node
metastasis

No distant metastasis

I Clinicala Tumor �2 cm in
maximum dimension

Negative nodes on clinical
exam only (no pathology
performed)

No distant metastasis

Pathologicb Tumor �2 cm in
maximum dimension

Negative nodes by pathology No distant metastasis

IIA Clinical Tumor �2 cm in
maximum dimension

Negative nodes on clinical
examination only (no
pathology performed)

No distant metastasis

Pathologic Tumor �2 cm in
maximum dimension

Negative nodes by pathology No distant metastasis

IIB Clinical Tumor invasion into
muscle, fascia, bone,
or cartilage

Negative nodes on clinical
examination only (no
pathology performed)

No distant metastasis

Pathologic Tumor invasion into
muscle, fascia, bone,
or cartilage

Negative nodes by pathology No distant metastasis

III Clinical Any tumor size or
invasion

Negative nodes on clinical
examination only (no
pathology performed)

No distant metastasis

IIIA Pathologic Any tumor size or
invasion

Positive nodes on pathology
only (negative nodes on
clinical examination)

No distant metastasis

Pathologic Not detected
(unknown primary)

Positive nodes on clinical
examination and confirmed
via pathology

No distant metastasis

IIIB Pathologic Any tumor size or
invasion

Positive nodes on clinical
examination and confirmed
via pathology OR in-transit
metastasisc

No distant metastasis

IV Clinical Any tumor size or
invasion or unknown
primary

Presence or absence of
regional nodal disease

Distant metastasis
detected via clinical
examination

Pathologic Any tumor size or
invasion or unknown
primary

Presence or absence of
regional nodal disease

Distant metastasis
confirmed via
pathology

a Clinical detection of nodal or metastatic disease includes inspection, palpation, and imaging.
b Pathologic detection of nodal disease includes sentinel lymph node biopsy, fine-needle aspiration, core-needle biopsy,
or excisional biopsy. Pathologic confirmation of metastatic disease is via biopsy of the suspected metastasis.
c In-transit metastasis represents a tumor distinct from the primary lesion and is located either (1) between the primary
lesion and the regional lymph node basin or (2) distal to the primary lesion.
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except when contraindicated due to comorbid-
ities.2,45 All pathologic analysis of nodal tissue
should include immunohistochemistry for
improved sensitivity.2

SLNB is recommended based on evidence that
25% to 30% of patients without lymphadenopathy
have occult regional nodal metastasis.2,46,47 Even
patients with small primary tumors have a signifi-
cant risk of nodal disease: a 0.5-cm tumor confers
a 14% risk of regional nodal disease.1,47,48 In
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addition, for patients with no nodal disease on im-
aging, SLNB is still recommended, as PET-CT is
less sensitive in detecting micrometastasis and
does not replace SLNB as a staging tool.43 Factors
associated with SLNB positivity include large tu-
mor size and pathologic features such as
increased thickness, high mitotic rate, and infiltra-
tive growth.47,49,50

The effect of SLNB status on survival, particu-
larly disease-specific survival (DSS), remains
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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unclear. Several studies have shown SLNB status
to be a strong predictor of DSS and overall survival
(OS).40,51–53 In some studies, a positive SLNB was
associated with a 5-year OS of 50% to 62%,
compared with 60% to 80% with a negative
SLNB.1,46 A negative SLNB, compared with nega-
tive clinical nodal assessment alone, has been
associated with lower rates of recurrence (11%
vs 44%) and improved 5-year OS (97% vs
75%).1,46 However, other single-center studies
showed no association between DSS and SLNB
status.49,52 Analysis of 4543 patients with MCC
from the SEER registry found a correlation be-
tween improved DSS and use of SLNB on univar-
iate but not multivariate analysis.40 Although the
precise effects on DSS remain unclear, SLNB
aids in identifying patients who can benefit from
therapies for regional control that may improve
survival.54

Distant Metastasis

Although clinical examination may sometimes
detect skin and LN metastases, imaging is often
necessary to detect visceral metastases. Although
PET-CT should be considered at baseline in all pa-
tients, those with pathologic nodal disease should
be evaluated for distant metastasis, preferentially
with whole-body PET-CT or alternatively with CT
with contrast of the neck, chest, abdomen, and
pelvis.2 Imaging is also warranted in patients with
unresectable disease or whenever metastasis is
suspected based on signs or symptoms.2 MRI of
the brain may be considered for suspected intra-
cranial metastasis.2 Biopsy may be necessary to
confirm metastasis when imaging detects suspi-
cious lesions.

TREATMENT
Primary Tumor Bed

Surgical excision
Surgical excision of the primary tumor is the initial
step in treating local MCC (Fig. 4). The main objec-
tive is to obtain negative microscopic margins
when surgically feasible.2 Regardless of surgical
approach, excision should be coordinated with
and occur synchronously with or following SLNB,
if indicated, to avoid altering lymphatic drainage
patterns.44,54 Reconstruction involving extensive
undermining or adjacent tissue rearrangement
should be performed only after negative margins
are confirmed.54 Complex reconstruction, espe-
cially staged flaps and grafts, also should be
avoided in cases in which adjuvant radiation ther-
apy (RT) is planned, as these repair approaches
require prolonged postoperative care that may
delay RT.44
argado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of H
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Wide versus narrow margin excision Although the
requisite depth of excision is usually to fascia or
periosteum, the optimal surgical margin remains
poorly defined and typically ranges from 1 to
3 cm.32 Current NCCN guidelines recommend
excision with individualized margins.2 Margin size
should be based on multiple factors: (1) whether
adjuvant RT is being considered, (2) associated
surgical morbidity, and (3) ability to close the sur-
gical defect based on the margin size.46,55,56

Some studies have suggested that wide margins
of 1 to 2 cm confer lower rates of local recurrence,
whereas others have shown no difference in local
recurrence with wide (>1 cm) versus narrow
(<1 cm) margins.46,57,58 Importantly, these studies
did not account for whether or not adjuvant RT
was administered.
Wide local excision (WLE) is the standard and

most common surgical method of treating the pri-
mary tumor.2,57 Rates of local recurrence after
WLE range are 25% to 40% without adjuvant
RT.57,59,60 However, recent evidence has sup-
ported narrow margins if adjuvant RT is planned.61

In patients with stage I to III disease undergoing
surgery without radiation of the primary tumor,
local recurrence rate was lower after wide
(>1 cm) versus narrow (<1 cm) excision.62 Howev-
er, in patients receiving adjuvant RT after excision,
local control was excellent with a 1% local recur-
rence rate regardless of margin size, including pa-
tients with positive microscopic margins.62 Thus,
adjuvant RT is powerful in controlling narrow or
even positive surgical margins. Based on these
findings, NCCN guidelines now recommend either
narrow or wide margin excision, allowing the surgi-
cal margin to be based on whether adjuvant RT will
be administered.2 Histologically negative margins
are recommended when clinically feasible, but
surgical margins should be balanced with
morbidity of surgery.2

Mohs micrographic surgery Mohs micrographic
surgery (MMS) represents another surgical
approach outlined in NCCN guidelines (Fig. 5).2

Compared with conventional excision, MMS per-
mits complete peripheral and deep margin evalua-
tion before reconstruction, whereas standard
excision confers the risk of positive margins from
incomplete excision, which occur as often as
10.4% following WLE, or false-negative margins
from examination of less than 1% of the surgical
margin.63 The ability to confirm microscopic clear-
ance of the tumor along all margins with MMSmay
reduce the need for adjuvant RT.64 MMS also
maximizes sparing of normal tissue, a notable
benefit in MCC, given it commonly affects cosmet-
ically sensitive areas on the head and neck.
ealth and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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Fig. 4. Diagnosis and treatment of the primary tumor in local MCC. *Narrow (<1 cm) excision margins minimize
morbidity, and microscopically positive margins are acceptable when followed by adjuvant RT to the primary site.
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MMS for MCC typically involves the intraopera-
tive use of CK-20 immunohistochemistry on frozen
section pathology to aid in visualizing tumor cells at
the margins and oftentimes within a central debulk
specimen. Nevertheless, the central tumor debulk
should also be sent for permanent sections for
microstaging.65 Retrospective studies have shown
that MMS is effective; however, prospective trials
comparing MMS and WLE have not been per-
formed.63,65,66 Local recurrence rates after MMS
are lower than with WLE, ranging from 0% to
Fig. 5. Preoperative marking during MMS for an MCC
on the left neck showing planned incisions for the de-
bulk and initial stage as well as the approximate
course of the spinal accessory nerve using surface
topographic landmarks.
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22%, whereas survival outcomes are comparable
based on limited studies.59,63,65–67 To ensure accu-
rate LN staging, SLNB is performed first, followed
by MMS and reconstruction of the primary tumor
in a subsequent operative session.65

Radiation therapy
Radiation monotherapy Radiation monotherapy
is an alternative to surgery in patients who are
poor surgical candidates or who have primary tu-
mor in an anatomic site where excision would pro-
duce significant functional compromise.68 NCCN
guidelines recommend higher doses if RT is
administered as monotherapy; specifically, 60 to
66 Gy with a field that includes a wide (5-cm)
margin around the tumor.2 However, outcome
data on radiation monotherapy remain limited.
Although in-field control rates range from 75% to
100%, rates of distant recurrence are increased,
and DSS and OS are lower compared with exci-
sion.69 However, these rates are likely influenced
by factors unrelated to therapy, because patients
selected for radiation monotherapy often have
inoperable tumors or comorbidities precluding
surgery that may lower OS.

Adjuvant radiation therapy Approximately 50%
of patients with MCC in the United States receive
local adjuvant RT.70 Adjuvant RT to the tumor
bed provides superb local control, even after nar-
row excision or positive microscopic margins, and
is associated with a trend toward improved
disease-free survival (DFS) in multiple retrospec-
tive studies.71,72 Adjuvant RT is indicated in a num-
ber of scenarios: (1) narrowly negative
microscopic surgical margins, (2) positive micro-
scopic surgical margins, (3) grossly positive
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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surgical margins when additional surgery is not
possible, and (4) in the setting of adverse micro-
scopic features such as lymphovascular inva-
sion.2,44 NCCN guidelines also recommend
adjuvant RT in patients with one or more of the
following risk factors: large (>1 cm) primary tu-
mors, head or neck tumors, chronic immunosup-
pression, and positive SLNB.2

Adjuvant RT should be administered within 2
months of surgery to minimize local recurrence.44

Conventionally fractionated RT consists of 50 to
66 Gy delivered in 25 to 33 fractions.44 However,
this regimen is associated with substantial toxicity,
including radiation dermatitis, mucositis, and
chronic fibrosis, and requires several treatments
over 4 to 6 weeks.44,73 Preliminary evidence sug-
gests that 8-Gy single-fraction RT (SFRT) provides
a high rate of durable local control (94%) while
minimizing toxicity.73,74 SFRT may be considered
for tumors with a lower risk of local recurrence,
especially those in areas such as the head and
neck where higher morbidity associated with RT
is anticipated.44

The use of adjuvant RT in patients with clear sur-
gical margins remains controversial. Adjuvant RT
was not associated with improved local control af-
ter margin-negative WLE in one study, and another
study failed to show a significant difference in OS,
relapse-free survival, or DFS after clear pathologic
margins after MMS.46,64

Lymph nodes The optimal treatment after assess-
ing LN status has not been defined. Evidence sug-
gests that patients with pathologically negative
nodes can be safely observed without adjuvant
RT given the low incidence of same nodal basin
recurrence after negative SLNB.75 However, adju-
vant RT can be considered in patients at risk for
false-negative SLNB, cases in which the primary
tumor is located on the head and neck, where
SLNB is less accurate due to the complex
lymphatic drainage in this region, or in which exci-
sion is performed before SLNB, altering lymphatic
drainage patterns.2 Adjuvant RT to regional nodes
can also be considered in clinically node-negative
patients who decline SLNB.71,72

For patientswith confirmednodal diseasewithout
distant metastasis, treatment options include com-
plete lymphnodedissection (CLND), definitivenodal
RT, or both.44 Patients with SLN-positive disease
who undergo either CLND or RT have OS and DSS
similar to patients with SLN-negative disease, high-
lighting the importance of treating the nodal basin.52

However, data comparing treatment options remain
limited. In patients with clinically evident nodal dis-
ease, RT provides excellent regional control and
has been reported to lower regional recurrence
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rates; however, it is unclear if these findings apply
to occult nodal disease detected by SLNB.76 Over-
all, rates of regional recurrence after RT or CLND
appear comparable, with no additional benefit
derived from RT following CLND.52 CLND offers
the advantage of pathologic evaluation of the entire
nodal basin, which may guide the planning of addi-
tional RT fields.
NCCN guidelines recommend RT to the nodal

basin after CLND in patients with multiple involved
nodes or pathologic evidence of extracapsular tu-
mor extension.2 However, until further evidence
and more specific guidelines become available,
treatment options for managing nodal disease
should be discussed with the patient and may
vary based on site-specific morbidity, tumor char-
acteristics, and patient comorbidities.2,54 At
present, systemic agents are not considered
first-line for nodal disease.2 However, guidelines
may change as data emerge on immunotherapy
in the neoadjuvant setting.2,77

Metastatic disease For patients with metastatic
disease, consensus guidelines recommend multi-
disciplinary tumor board discussion of options
such as systemic therapy, RT, and palliative care
based on the clinical scenario.2,78 Immunotherapy
is now considered first-line therapy for metastatic
MCC.2
Immunotherapy There is significant rationale for
the use of immunotherapy in MCC given the host
immune system plays an essential role in control-
ling the malignancy. Immunosuppressed patients
have a 10-fold higher incidence of MCC, and a
robust CD81 T-cell infiltrate within MCC tumors
is an excellent prognostic factor associated with
no reported MCC-related deaths.41,42 Oncogenic
mutations in MCC tumor cells upregulate the pro-
grammed death receptor-1 (PD-1)/programmed
death ligand-1 (PD-L1) pathway, promoting local
immune evasion via impaired T-cell activation.
Furthermore, tumor-infiltrating lymphocytes and
circulating MCPyV-specific T cells appear
exhausted in MCC.79–81 PD-1 or PD-L1 blockade
with immune checkpoint inhibitors (ICIs) reinvigo-
rates exhausted T cells and stimulates the anti-
tumor response. Response rates with ICIs are
approximately 50% to 70% for treatment-naı̈ve
disease and 30% for refractory disease, with
70% to 80% response durability at 2 years in
both groups.82–87

Avelumab, a monoclonal antibody inhibiting PD-
L1, was approved by the US Food and Drug
Administration (FDA) in 2017 as first-line therapy
for metastatic MCC based on the JAVELIN Merkel
200 trial.85 This trial was a phase II, open-label,
ealth and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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multicenter study in which avelumab was given
intravenously every 2 weeks in 88 patients with
stage IV disease refractory to chemotherapy.85

Twenty-eight (33%) patients responded to ther-
apy, with an 11% complete response (CR) rate
and with 82% of responses persisting over
10.4 months of follow-up.85 Median OS was
12.6 months, with a 5-year OS rate of 26%.87

Pembrolizumab, an anti-PD-1 monoclonal anti-
body, was FDA-approved in 2018 for recurrent
locally advanced or metastatic MCC. Amulticenter
phase II trial investigated intravenous pembrolizu-
mab as first-line systemic therapy every 3 weeks
for up to 2 years.83,86 The overall response rate
was 58% in 50 patients with metastatic or recur-
rent locoregional MCC.83,86 Median progression-
free survival (PFS) was 16.8 months and PFS at 3
years was 39%.83,86

Nivolumab, another PD-1 inhibitor, is currently
under investigation, particularly in combination
with ipilimumab, an antibody that inhibits cytotoxic
T-lymphocyte associated antigen-4 (CTLA-4).88,89

Like PD-1/PD-L1, CTLA-4 inhibits T-cell activa-
tion, and its blockade can potentiate an antitumor
response. Ipilimumab may be particularly useful,
either as monotherapy or in combination with a
PD-1/PD-L1 inhibitor, in patients in whom PD-1
blockade remains or becomes ineffective.

Use of ICIs as neoadjuvant and adjuvant therapy
is a novel approach in MCC actively being studied.
In the neoadjuvant setting, a recent trial studied 39
patients with higher-risk local or regional disease
treated with 2 doses of nivolumab followed by
definitive excision.77 Approximately 50% patients
demonstrated CR, and recurrence-free survival
significantly correlated with disease response at
the time of surgery.77 With additional study, neo-
adjuvant therapy may reduce the extent of therapy
to the tumor bed in select patients.

Although the success of ICIs remains encour-
aging overall, more than 50% of patients demon-
strate no response or develop progressive
disease after an initial response.44 In addition, pa-
tients receiving immunosuppression for a solid or-
gan transplant or with severe autoimmune disease
are poor candidates for ICIs because of the risk of
transplant failure or worsened autoimmune
disease.

Chemotherapy With the adoption of immuno-
therapy, chemotherapy is now reserved for pallia-
tive therapy or for patients who cannot receive
immunotherapy. Common regimens include eto-
poside with carboplatin or cyclophosphamide,
doxorubicin, and vincristine.90,91 These regimens
lead to tumor regression in 53% to 76% of patients
but fail to produce a lasting response and lack an
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Libra
2023. Para uso personal exclusivamente. No se permiten otros usos sin au
OS benefit.90,91 The duration of response is often
as short as 3 months, and median PFS is a mere
3 to 8 months, with fewer than 5% of responders
continuing to benefit at 2 years after starting ther-
apy.90,91 Chemotherapy is also associated with a
high risk of toxicity, particularly in patients older
than 65, including myelosuppression, renal injury,
and sepsis.90,91

Radiation therapy A brief course of RT as pallia-
tive therapy may be considered in patients with oli-
gometastatic disease. Reported regimens consist
of 8 Gy administered as a single fraction or via 3
fractions.74,92 Regardless of the specific regimen,
short-course RT is well-tolerated and may yield
response rates as high as 94% with an in-field
control rate of 77% at 8 months.74,92 Combina-
tions of hypofractionated RT and immunotherapy
are under active investigation in clinical trials
based on the immunologic rationale that radiation
induces the release of tumor antigens, essentially
priming the cytotoxic T cells reinvigorated by
immunotherapy.93

Future therapies Other treatment modalities un-
der investigation as either single or adjuvant ther-
apy include immunostimulatory agents such as
Toll-like receptor agonists, interleukin-12, MCPyV
vaccination, and talimogene laherparepvec.94–97

Targeted molecular therapies such as Ataxia tel-
angiectasia mutated and Rad3-related kinase in-
hibitors, double minute 2 protein inhibitors, and
histone deacetylase inhibitors are also being stud-
ied.98–100 These molecular therapies may become
especially relevant for patients who are poor can-
didates for immunotherapy.

SURVEILLANCE
Risk of Recurrence

MCC is associated with a high risk of local,
regional, and distant recurrence, estimated to be
approximately 40% across multiple studies.25

However, this risk varies by stage: 20% for stage
I disease to 75% for stage III disease and by
patient-specific factors such as age, sex, tumor
location, MCPyV seropositivity, and immunosup-
pression.25,44 The median time to recurrence is 7
to 9 months, with 80% to 90% of cases manifest-
ing within the first 2 years.101 In local disease,
recurrence tends to occur locally or in the nodal
basin (40%–60%), whereas distant recurrence oc-
curs frequently (80%) in advanced-stage
disease.44

Follow-Up and Imaging

Prompt recognition of recurrence allows for earlier
initiation of therapy. Follow-up visits with complete
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
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skin and nodal examination and review of systems
can be considered every 3 to 6 months for 2 to
3 years, and every 6 to 12 months thereafter in
disease-free patients.2,44 Immunosuppressed pa-
tients are at a higher risk for recurrence and, as
such, more frequent follow-up may be indicated.44

Immunosuppressive agents should be minimized
as clinically feasible.
Surveillance studies should be based on

patient-specific risk factors or symptoms, as no
guidelines exist.2,54 A personalized, web-based
risk calculator (https://merkelcell.org/recur/) inte-
grating the aforementioned patient risk factors,
may assist in quantifying the risk of recurrence
and guiding the frequency of surveillance studies.
Routine surveillance imaging with PET-CT or CT,
with the former exhibiting higher sensitivity, war-
rants consideration in patients with high-risk tumor
features, nodal disease, or immunosuppression.54

Surveillance imaging may not be necessary in
immunocompetent patients with low-risk tumors
and negative SLNB.54
� Surgical treatment of the primary MCC tumor
consists of individualized margin (wide versus
narrow) excision or Mohs micrographic sur-
gery. Adjuvant radiation therapy is recom-
mended after narrow excision and can be
considered after wide excision or Mohs
surgery.

� Sentinel lymph node biopsy is recommended
in all patients without clinically apparent
nodal disease or distant metastasis and
should be performed prior to surgical treat-
ment of the primary tumor.

� MCC is highly immunogenic and thus PD-1/
PD-L1 inhibitors such as avelumab and pem-
brolizumab are now first-line agents for met-
astatic MCC.

� MCPyV oncoprotein antibody testing can
indicate prognosis at time of diagnosis and
can be used to monitor for recurrence
following treatment.
Merkel Cell Polyomavirus Oncoprotein
Antibody Testing

Antibodies targeting MCPyV oncoproteins are
detected in approximately 50% of patients with
MCC.102,103 Baseline MCPyV oncoprotein anti-
body titers can assist with risk stratification and
subsequent detection of disease recurrence. An
immunologic response to the MCPyV T-Ag onco-
protein appears protective, as seropositive pa-
tients have a better prognosis and a 30% lower
rate of recurrence than seronegative pa-
tients.102,103 In addition, in patients who are sero-
positive at baseline, changes in titers over time
reflect changes in MCC disease burden, making
MCPyV oncoprotein antibodies a useful serum tu-
mor marker for surveillance.102,103 These titers can
be measured via an anti-Merkel cell panel avail-
able through the University of Washington.
NCCN guidelines recommend MCPyV oncopro-

tein antibody titers as part of initial workup and for
surveillance in seropositive patients.2 A baseline
level should be obtained ideally within 3 months
of initiating therapy.44 For seropositive patients,
levels can then be repeated every 3 months.2,44

Two consecutive increasing titers of greater than
20% have a 99% positive predictive value for dis-
ease recurrence and should prompt imaging
studies to evaluate for recurrence.44 An increase
in titers enables detection of 90% of recurrences
within 45 days of the first elevated titer.44

Conversely, a decreasing titer by more than 20%
is associated with a 99% negative predictive value
for clinically residual disease.44 For seronegative
argado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of H
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patients, surveillance should be centered around
imaging studies, although the recent emergence
of a circulating tumor DNA assay may offer a
more sensitive method of surveillance in these
patients.104

SUMMARY

The past 2 decades have produced advances in
cancer biology, molecular genetics, and immu-
nology that have further characterized the patho-
physiology of MCC and expanded our
therapeutic armamentarium. New immunother-
apies such as those targeting the PD-1/PD-L1
pathway have shown promise in yielding durable
responses in nearly half of patients with advanced
disease and are now first-line agents for
advanced-stage MCC. In addition to offering
greater efficacy, therapy for MCC has shifted to
a less toxic approach, including narrower excision
margins, lower doses of RT, and limited use of
chemotherapy. Furthermore, discovery of the
MCPyV and its role in pathogenesis has led to
the introduction of MCPyV oncoprotein antibody
testing, the first serologic tool for surveillance in
most patients with MCC. However, there is an
ongoing need for continued investigation because
survival rates, although improved, remain modest.
As further studies enhance our understanding and
treatment of MCC, guidelines for managing this
aggressive malignancy will continue to evolve.

CLINICS CARE POINTS
ealth and Social Security de ClinicalKey.es por Elsevier en enero 26, 
ión. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://merkelcell.org/recur/


Merkel Cell Carcinoma 111
AUTHOR CONTRIBUTIONS

D. Lewis: Conceptualization, visualization, and
original draft preparation.

J. Sobanko: Review and editing.
J. Etzkorn: Review and editing.
T. Shin: Review and editing.
C. Giordano: Review and editing.
S. McMurray: Review and editing.
J. Walker: Review and editing.
J. Zhang: Review and editing.
C. Miller: Project administration, supervision, re-

view and editing.
H. William Higgins: Conceptualization, method-

ology, project administration, supervision, review
and editing.

Data curation, formal analysis, funding acquisi-
tion, investigation, resources, software, validation:
not applicable.

DISCLOSURES

The authors have nothing to disclose. This
research did not receive any specific grant from
funding agencies in the public, commercial, or
not-for-profit sectors.

REFERENCES

1. Harms KL, Healy MA, Nghiem P, et al. Analysis of

prognostic factors from 9387 Merkel cell carci-

noma cases forms the basis for the new 8th edition

AJCC staging system. Ann Surg Oncol 2016;

23(11):3564–71.

2. National Comprehensive Care Network Clinical

Practice Guidelines in Oncology (NCCN Guide-

lines): Merkel Cell Carcinoma, Version 1.2021. 2021.

3. Paulson KG, Park SY, Vandeven NA, et al. Merkel

cell carcinoma: current US incidence and pro-

jected increases based on changing demo-

graphics. J Am Acad Dermatol 2018;78(3):

457–463 e452.

4. Kieny A, Cribier B, Meyer N, et al. Epidemiology of

Merkel cell carcinoma. A population-based study

from 1985 to 2013, in northeastern of France. Int

J Cancer 2019;144(4):741–5.

5. Youlden DR, Soyer HP, Youl PH, et al. Incidence

and survival for Merkel cell carcinoma in Queens-

land, Australia, 1993-2010. JAMA Dermatol 2014;

150(8):864–72.

6. Song PI, Liang H, Wei WQ, et al. The clinical profile

of Merkel cell carcinoma in mainland China. Int J

Dermatol 2012;51(9):1054–9.

7. Aw D, Silva AB, Palmer DB. Immunosenescence:

emerging challenges for an ageing population.

Immunology 2007;120(4):435–46.

8. Moll R, Lowe A, Laufer J, et al. Cytokeratin 20 in hu-

man carcinomas. A new histodiagnostic marker
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Libra
2023. Para uso personal exclusivamente. No se permiten otros usos sin au
detected by monoclonal antibodies. Am J Pathol

1992;140(2):427–47.

9. Agelli M, Clegg LX, Becker JC, et al. The etiology

and epidemiology of Merkel cell carcinoma. Curr

Probl Cancer 2010;34(1):14–37.

10. Albores-Saavedra J, Batich K, Chable-Montero F,

et al. Merkel cell carcinoma demographics,

morphology, and survival based on 3870 cases: a

population based study. J Cutan Pathol 2010;

37(1):20–7.

11. Paulson KG, Iyer JG, Blom A, et al. Systemic im-

mune suppression predicts diminished Merkel

cell carcinoma-specific survival independent of

stage. J Invest Dermatol 2013;133(3):642–6.

12. Feng H, Shuda M, Chang Y, et al. Clonal integration

of a polyomavirus in human Merkel cell carcinoma.

Science 2008;319(5866):1096–100.

13. Chen T, Hedman L, Mattila PS, et al. Serological

evidence of Merkel cell polyomavirus primary

infections in childhood. J Clin Virol 2011;50(2):

125–9.

14. Tolstov YL, Pastrana DV, Feng H, et al. Human Mer-

kel cell polyomavirus infection II. MCV is a common

human infection that can be detected by conforma-

tional capsid epitope immunoassays. Int J Cancer

2009;125(6):1250–6.

15. Church CD PN. How does the Merkel polyomavirus

lead to a lethal cancer? Many answers, many ques-

tions, and a new mouse model. J Invest Dermatol

2015;135(5):1221–4.

16. Garneski KM, Warcola AH, Feng Q, et al. Merkel cell

polyomavirus is more frequently present in North

American than Australian Merkel cell carcinoma tu-

mors. J Invest Dermatol 2009;129(1):246–8.

17. Starrett GJ, Marcelus C, Cantalupo PG, et al. Mer-

kel cell polyomavirus exhibits dominant control of

the tumor genome and transcriptome in virus-asso-

ciated Merkel cell carcinoma. mBio 2017;8(1).

e02079–16.

18. Hesbacher S, Pfitzer L, Wiedorfer K, et al. RB1 is

the crucial target of the Merkel cell polyomavirus

large T antigen in Merkel cell carcinoma cells. On-

cotarget 2016;7(22):32956–68.

19. Harms PW, Vats P, Verhaegen ME, et al. The

distinctive mutational spectra of polyomavirus-

negative Merkel cell carcinoma. Cancer Res

2015;75(18):3720–7.

20. Goh G, Walradt T, Markarov V, et al. Mutational land-

scape of MCPyV-positive and MCPyV-negative Mer-

kel cell carcinomas with implications for

immunotherapy. Oncotarget 2016;7(3):3403–15.

21. Wong SQ, Waldeck K, Vergara IA, et al. UV-associ-

ated mutations underlie the etiology of mcv-

negative Merkel cell carcinomas. Cancer Res

2015;75(24):5228–34.

22. Tilling T, Wladykowski E, Failla AV, et al. Immunohis-

tochemical analyses point to epidermal origin of
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
torización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0733-8635(22)00067-5/sref1
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref1
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref1
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref1
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref1
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref3
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref3
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref3
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref3
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref3
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref4
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref4
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref4
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref4
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref5
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref5
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref5
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref5
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref6
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref6
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref6
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref7
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref7
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref7
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref8
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref8
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref8
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref8
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref9
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref9
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref9
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref10
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref10
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref10
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref10
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref10
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref11
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref11
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref11
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref11
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref12
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref12
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref12
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref13
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref13
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref13
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref13
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref14
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref14
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref14
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref14
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref14
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref15
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref15
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref15
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref15
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref16
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref16
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref16
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref16
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref17
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref17
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref17
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref17
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref17
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref18
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref18
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref18
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref18
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref19
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref19
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref19
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref19
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref20
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref20
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref20
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref20
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref21
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref21
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref21
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref21
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref22
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref22


Lewis et al112

Desc
20
human Merkel cells. Histochem Cell Biol 2014;

141(4):407–21.

23. Szeder V, Grim M, Halata Z, et al. Neural crest

origin of mammalian Merkel cells. Dev Biol 2003;

253(2):258–63.

24. Zur Hausen A, Rennspiess D, Winnepenninckx V,

et al. Early B-cell differentiation in Merkel cell carci-

nomas: clues to cellular ancestry. Cancer Res

2013;73(16):4982–7.

25. Becker JC. Merkel cell carcinoma. Ann Oncol

2010;21(Suppl 7):vii81–5.

26. Liu W, MacDonald M, You J. Merkel cell polyomavi-

rus infection and Merkel cell carcinoma. Curr Opin

Virol 2016;2016(20):20–7.

27. Nirenberg A, Steinman H, Dixon J, et al. Merkel cell

carcinoma update: the case for two tumours. J Eur

Acad Dermatol Venereol 2020;34(7):1425–31.

28. Heath M, Jaimes N, Lemos B, et al. Clinical charac-

teristics of Merkel cell carcinoma at diagnosis in

195 patients: the “AEIOU” features. J Am Acad

Dermatol 2008;58(3):375–81.

29. Svensson H, Paoli J. Merkel cell carcinoma is still

an unexpected diagnosis. J Eur Acad Dermatol Ve-

nereol 2021;35(12):e883–4.

30. Tetzlaff MT, Nagarajan P. Update on Merkel cell

carcinoma. Head Neck Pathol 2018;12(1):31–43.

31. Jour G, Aung PP, Rozas-Munoz E, et al. Intraepi-

dermal Merkel cell carcinoma: a case series of a

rare entity with clinical follow up. J Cutan Pathol

2017;44(8):684–91.

32. Coggshall K, Tello TL, North JP, et al. Merkel cell

carcinoma: an update and review: pathogenesis,

diagnosis, and staging. J Am Acad Dermatol

2018;78(3):433–42.

33. Chan JK, Suster S, Wenig BM, et al. Cytokeratin 20

immunoreactivity distinguishes Merkel cell (primary

cutaneous neuroendocrine) carcinomas and sali-

vary gland small cell carcinomas from small cell

carcinomas of various sites. Am J Surg Pathol

1997;21(2):226–34.

34. Fantini F, Johansson O. Neurochemical markers in

human cutaneous Merkel cells. An immunohisto-

chemical investigation. Exp Dermatol 1995;4(6):

365–71.

35. Calder KB, Coplowitz S, Schlauder S, et al. A case

series and immunophenotypic analysis of CK20-/

CK71 primary neuroendocrine carcinoma of the

skin. J Cutan Pathol 2007;34(12):918–23.

36. Bobos M, Hytiroglou P, Kostopoulos I, et al. Immu-

nohistochemical distinction between Merkel cell

carcinoma and small cell carcinoma of the lung.

Am J Dermatopathol 2006;28(2):99–104.

37. Amin MB, Gress DM, Meyer Vega LR, et al. AJCC

Cancer Staging Manual. Eighth Edition. 2018.

38. Amin MB, Greene FL, Edge SB, et al. The Eighth

Edition AJCC Cancer Staging Manual: continuing

to build a bridge from a population-based to a
argado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of H
23. Para uso personal exclusivamente. No se permiten otros usos sin autorizac
more "personalized" approach to cancer staging.

CA Cancer J Clin 2017;67(2):93–9.

39. Tarantola TI, Vallow LA, Halyard MY, et al. Prog-

nostic factors in Merkel cell carcinoma: analysis

of 240 cases. J Am Acad Dermatol 2013;68(3):

425–32.

40. Sridharan V, Muralidhar V, Margalit DN, et al. Merkel

cell carcinoma: a population analysis on survival.

J Natl Compr Canc Netw 2016;14(10):1247–57.

41. Paulson KG, Iyer JG, Simonson WT, et al. CD81

lymphocyte intratumoral infiltration as a stage-

independent predictor of Merkel cell carcinoma

survival: a population-based study. Am J Clin

Pathol 2014;142(4):452–8.

42. Paulson KG, Iyer JG, Tegeder AR, et al. Transcrip-

tome-wide studies of Merkel cell carcinoma and

validation of intratumoral CD81 lymphocyte inva-

sion as an independent predictor of survival.

J Clin Oncol 2011;29(12):1539–46.

43. Singh N, Alexander NA, Lachance K, et al. Clinical

benefit of baseline imaging in Merkel cell carci-

noma: analysis of 584 patients. J Am Acad Derma-

tol 2021;84(2):330–9.

44. Park SY, Doolittle-Amieva C, Moshiri Y, et al. How

we treat Merkel cell carcinoma: within and beyond

current guidelines. Future Oncol 2021;17(11):

1363–77.

45. Lewis DJ, Fathy RA, Nugent S, et al. Sentinel lymph

node biopsy in Merkel cell carcinoma: Rates and

predictors of compliance with the National

Comprehensive Cancer Network guidelines. J Am

Acad Dermatol 2022. https://doi.org/10.1016/j.

jaad.2022.05.054.

46. Allen PJ, Bowne WB, Jaques DP, et al. Merkel cell

carcinoma: prognosis and treatment of patients

from a single institution. J Clin Oncol 2005;23(10):

2300–9.

47. Schwartz JL, Griffith KA, Lowe L, et al. Features

predicting sentinel lymph node positivity in Merkel

cell carcinoma. J Clin Oncol 2011;29(8):1036–41.

48. Iyer JG, Storer BE, Paulson KG, et al. Relationships

among primary tumor size, number of involved no-

des, and survival for 8044 cases of Merkel cell car-

cinoma. J Am Acad Dermatol 2014;70(4):637–43.

49. Fields RC, Busam KJ, Chou JF, et al. Recurrence

and survival in patients undergoing sentinel lymph

node biopsy for Merkel cell carcinoma: analysis of

153 patients from a single institution. Ann Surg On-

col 2011;18(9):2529–37.

50. Conic RRZ, Ko J, Saridakis S, et al. Sentinel lymph

node biopsy in Merkel cell carcinoma: predictors of

sentinel lymph node positivity and association with

overall survival. J Am Acad Dermatol 2019;81(2):

364–72.

51. Lemos BD, Storer BE, Iyer JG, et al. Pathologic

nodal evaluation improves prognostic accuracy in

Merkel cell carcinoma: analysis of 5823 cases as
ealth and Social Security de ClinicalKey.es por Elsevier en enero 26, 
ión. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0733-8635(22)00067-5/sref22
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref22
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref23
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref23
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref23
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref24
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref24
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref24
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref24
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref25
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref25
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref26
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref26
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref26
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref27
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref27
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref27
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref28
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref28
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref28
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref28
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref29
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref29
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref29
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref30
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref30
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref31
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref31
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref31
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref31
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref32
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref32
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref32
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref32
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref33
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref33
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref33
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref33
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref33
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref33
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref34
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref34
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref34
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref34
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref35
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref35
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref35
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref35
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref36
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref36
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref36
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref36
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref38
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref38
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref38
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref38
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref38
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref39
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref39
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref39
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref39
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref40
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref40
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref40
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref41
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref41
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref41
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref41
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref41
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref42
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref42
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref42
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref42
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref42
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref43
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref43
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref43
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref43
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref44
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref44
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref44
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref44
https://doi.org/10.1016/j.jaad.2022.05.054
https://doi.org/10.1016/j.jaad.2022.05.054
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref45
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref45
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref45
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref45
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref46
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref46
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref46
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref47
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref47
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref47
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref47
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref48
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref48
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref48
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref48
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref48
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref49
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref49
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref49
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref49
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref49
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref50
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref50
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref50


Merkel Cell Carcinoma 113
the basis of the first consensus staging system.

J Am Acad Dermatol 2010;63(5):751–61.

52. Sims JR, Grotz TE, Pockaj BA, et al. Sentinel lymph

node biopsy in Merkel cell carcinoma: the Mayo

Clinic experience of 150 patients. Surg Oncol

2018;27(1):11–7.

53. Gupta SG, Wang LC, Penas PF, et al. Sentinel

lymph node biopsy for evaluation and treatment

of patients with Merkel cell carcinoma: the Dana-

Farber experience and meta-analysis of the litera-

ture. Arch Dermatol 2006;142(6):685–90.

54. Cornejo C, Miller CJ. Merkel cell carcinoma: up-

dates on staging and management. Dermatol Clin

2019;37(3):269–77.

55. Perez MC, de Pinho FR, Holstein A, et al. Resection

margins in Merkel cell carcinoma: is a 1-cm margin

wide enough? Ann Surg Oncol 2018;25(11):

3334–40.

56. Gillenwater AM, Hessel AC, Morrison WH, et al.

Merkel cell carcinoma of the head and neck: effect

of surgical excision and radiation on recurrence

and survival. Arch Otolaryngol Head Neck Surg

2001;127(2):149–54.

57. Gollard R, Weber R, Kosty MP, et al. Merkel cell

carcinoma: review of 22 cases with surgical, path-

ologic, and therapeutic considerations. Cancer

2000;88(8):1842–51.

58. Yiengpruksawan A, Coit DG, Thaler HT, et al. Mer-

kel cell carcinoma. Prognosis and management.

Arch Surg 1991;126(12):1514–9.

59. Singh B, Qureshi MM, Truong MT, et al. Demo-

graphics and outcomes of stage I and II Merkel

cell carcinoma treated with Mohs micrographic sur-

gery compared with wide local excision in the Na-

tional Cancer Database. J Am Acad Dermatol

2018;79(1):126–134 e123.

60. O’Connor WJ, Roenigk RK, Brodland DG. Merkel

cell carcinoma. Comparison of Mohs micrographic

surgery and wide excision in eighty-six patients.

Dermatol Surg 1997;23(10):929–33.

61. Harrington C, Kwan W. Radiotherapy and conser-

vative surgery in the locoregional management of

Merkel cell carcinoma: the British Columbia Cancer

Agency experience. Ann Surg Oncol 2016;23(2):

573–8.

62. Tarabadkar ES, Fu T, Lachance K, et al. Narrow

excision margins are appropriate for Merkel cell

carcinoma when combined with adjuvant radiation:

Analysis of 188 cases of localized disease and pro-

posed management algorithm. J Am Acad Derma-

tol 2021;84(2):340–7.

63. Terushkin V, Brodland DG, Sharon DJ, et al. Mohs

surgery for early-stage Merkel cell carcinoma

(MCC) achieves local control better than wide local

excision 1/- radiation therapy with no increase in

MCC-specific death. Int J Dermatol 2021;60(8):

1010–2.
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Libra
2023. Para uso personal exclusivamente. No se permiten otros usos sin au
64. Boyer JD, Zitelli JA, Brodland DG, et al. Local con-

trol of primary Merkel cell carcinoma: review of 45

cases treated with Mohs micrographic surgery

with and without adjuvant radiation. J Am Acad

Dermatol 2002;47(6):885–92.

65. Shaikh WR, Sobanko JF, Etzkorn JR, et al. Utiliza-

tion patterns and survival outcomes after wide

local excision or Mohs micrographic surgery for

Merkel cell carcinoma in the United States, 2004-

2009. J Am Acad Dermatol 2018;78(1):175–177

e173.

66. Carrasquillo OY, Cancel-Artau KJ, Ramos-

Rodriguez AJ, et al. Mohs micrographic surgery

versus wide local excision in the treatment of mer-

kel cell carcinoma: a systematic review. Dermatol

Surg 2021;48(2):176–80.

67. Su C, Bai HX, Christensen S. Relative survival

analysis in patients with stage I-II Merkel cell

carcinoma treated with Mohs micrographic

surgery or wide local excision. J Am Acad Derma-

tol 2018. S0190-9622(18)30816-8. Epub ahead of

print.

68. Harrington C, Kwan W. Outcomes of Merkel cell

carcinoma treated with radiotherapy without

radical surgical excision. Ann Surg Oncol 2014;

21(11):3401–5.

69. Veness M, Howle J. Radiotherapy alone in patients

with Merkel cell carcinoma: the Westmead Hospital

experience of 41 patients. Australas J Dermatol

2015;56(1):19–24.

70. Bhatia S, Storer BE, Iyer JG, et al. Adjuvant radia-

tion therapy and chemotherapy in Merkel cell carci-

noma: survival analyses of 6908 cases from the

national cancer data base. J Natl Cancer Inst

2016;108(9):djw042.

71. Takagishi SR, Marx TE, Lewis C, et al. Postopera-

tive radiation therapy is associated with a reduced

risk of local recurrence among low risk Merkel cell

carcinomas of the head and neck. Adv Radiat On-

col 2016;1(4):244–51.

72. Mojica P, Smith D, Ellenhorn J. Adjuvant radiation

therapy is associated with improved survival in

Merkel cell carcinoma of the skin. J Clin Oncol

2007;25(9):1043–7.

73. Cook MM, Schaub SK, Goff PH, et al. Postopera-

tive, single-fraction radiation therapy in Merkel

cell carcinoma of the head and neck. Adv Radiat

Oncol 2020;5(6):1248–54.

74. Iyer JG, Parvathaneni U, Gooley T, et al. Single-

fraction radiation therapy in patients with metasta-

tic Merkel cell carcinoma. Cancer Med 2015;4(8):

1161–70.

75. Grotz TE, Joseph RW, Pockaj BA, et al. Negative

sentinel lymph node biopsy in Merkel cell carci-

noma is associated with a low risk of same-nodal-

basin recurrences. Ann Surg Oncol 2015;22(12):

4060–6.
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
torización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0733-8635(22)00067-5/sref50
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref50
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref51
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref51
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref51
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref51
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref52
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref52
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref52
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref52
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref52
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref53
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref53
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref53
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref54
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref54
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref54
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref54
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref55
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref55
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref55
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref55
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref55
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref56
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref56
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref56
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref56
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref57
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref57
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref57
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref58
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref58
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref58
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref58
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref58
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref58
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref59
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref59
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref59
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref59
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref60
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref60
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref60
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref60
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref60
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref61
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref61
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref61
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref61
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref61
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref61
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref62
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref62
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref62
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref62
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref62
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref62
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref63
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref63
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref63
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref63
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref63
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref64
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref64
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref64
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref64
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref64
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref64
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref65
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref65
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref65
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref65
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref65
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref66
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref66
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref66
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref66
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref66
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref66
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref67
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref67
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref67
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref67
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref68
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref68
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref68
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref68
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref69
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref69
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref69
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref69
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref69
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref70
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref70
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref70
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref70
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref70
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref71
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref71
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref71
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref71
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref72
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref72
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref72
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref72
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref73
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref73
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref73
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref73
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref74
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref74
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref74
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref74
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref74


Lewis et al114

Desc
20
76. Fang LC, Lemos B, Douglas J, et al. Radiation

monotherapy as regional treatment for lymph

node-positive Merkel cell carcinoma. Cancer

2010;116(7):1783–90.

77. Topalian SL, Bhatia S, Amin A, et al. Neoadjuvant

nivolumab for patients with resectable Merkel cell

carcinoma in the checkmate 358 trial. J Clin Oncol

2020;38(22):2476–87.

78. Prieto I, Perez de la Fuente T, Medina S, et al. Mer-

kel cell carcinoma: an algorithm for multidisci-

plinary management and decision-making. Crit

Rev Oncol Hematol 2016;98:170–9.

79. Iyer JG, Afanasiev OK, McClurkan C, et al. Merkel

cell polyomavirus-specific CD8(1) and CD4(1)

T-cell responses identified in Merkel cell carci-

nomas and blood. Clin Cancer Res 2011;17(21):

6671–80.

80. Lyngaa R, Pedersen NW, Schrama D, et al. T-cell

responses to oncogenic Merkel cell polyomavirus

proteins distinguish patients with Merkel cell carci-

noma from healthy donors. Clin Cancer Res 2014;

20(7):1768–78.

81. Afanasiev OK, Yelistratova L, Miller N, et al. Merkel

polyomavirus-specific T cells fluctuate with Merkel

cell carcinoma burden and express therapeutically

targetable PD-1 and Tim-3 exhaustion markers.

Clin Cancer Res 2013;19(19):5351–60.

82. D’Angelo SP, Russell J, Lebbe C, et al. Efficacy and

safety of first-line avelumab treatment in patients

with stage IV metastatic Merkel cell carcinoma: a

preplanned interim analysis of a clinical trial.

JAMA Oncol 2018;4(9):e180077.

83. Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1

blockade with pembrolizumab in advanced

Merkel-cell carcinoma. N Engl J Med 2016;

374(26):2542–52.

84. Ngheim P, Bhatia S, Lipson EJ, et al. Durable tumor

regression and overall survival in patients with

advanced Merkel cell carcinoma receiving pem-

brolizumab as first-line therapy. J Clin Oncol

2019;37(9):693–702.

85. Kaufman HL, Russell J, Hamid O, et al. Avelumab

in patients with chemotherapy-refractory metasta-

tic Merkel cell carcinoma: a multicentre, single-

group, open-label, phase 2 trial. Lancet Oncol

2016;17(10):1374–85.

86. Nghiem P, Bhatia S, Lipson EJ, et al. Three-year

survival, correlates and salvage therapies in pa-

tients receiving first-line pembrolizumab for

advanced Merkel cell carcinoma. J Immunother

Cancer 2021;9(4):e002478.

87. D’Angelo SP, Bhatia S, Brohl AS, et al. Avelumab in

patients with previously treated metastatic Merkel

cell carcinoma (JAVELIN Merkel 200): updated

overall survival data after >5 years of follow-up.

ESMO Open 2021;6(6):100290.
argado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of H
23. Para uso personal exclusivamente. No se permiten otros usos sin autorizac
88. Glutsch V, Kneitz H, Gesierich A, et al. Activity of

ipilimumab plus nivolumab in avelumab-refractory

Merkel cell carcinoma. Cancer Immunol Immun-

other 2021;70(7):2087–93.

89. Khaddour K, Rosman IS, Dehdashti F, et al. Dura-

ble remission after rechallenge with ipilimumab

and nivolumab in metastatic Merkel cell carcinoma

refractory to avelumab: any role for sequential

immunotherapy? J Dermatol 2021;48(2):e80–1.

90. Iyer JG, Blom A, Doumani R, et al. Response rates

and durability of chemotherapy among 62 patients

with metastatic Merkel cell carcinoma. Cancer Med

2016;5(9):2294–301.

91. Voog E, Biron P, Martin JP, et al. Chemotherapy for

patients with locally advanced or metastatic Merkel

cell carcinoma. Cancer 1999;85(12):2589–95.

92. Cimbak N, Barker CA Jr. Short-course radiation

therapy for Merkel cell carcinoma: relative effec-

tiveness in a ‘‘radiosensitive’’ tumor. Int J Radiat

Oncol 2016;96(2):S160.

93. Lee Y, Auh SL, Wang Y, et al. Therapeutic effects of

ablative radiation on local tumor require CD81 T

cells: changing strategies for cancer treatment.

Blood 2009;114(3):589–95.

94. Bhatia S, Miller NJ, Lu H, et al. Intratumoral G100, a

TLR4 agonist, induces antitumor immune re-

sponses and tumor regression in patients with Mer-

kel cell carcinoma. Clin Cancer Res 2019;25(4):

1185–95.

95. Bhatia S, Longino NV, Miller NJ, et al. Intratumoral

delivery of plasmid IL12 via electroporation leads

to regression of injected and noninjected tumors

in Merkel cell carcinoma. Clin Cancer Res 2020;

26(3):598–607.

96. Westbrook BC, Norwood TG, Terry NLJ, et al. Tali-

mogene laherparepvec induces durable response

of regionally advanced Merkel cell carcinoma in 4

consecutive patients. JAAD Case Rep 2019;5(9):

782–6.

97. Joshi TP, Farr MA, Hsiou DA, et al. Therapeutic tar-

gets for vaccination in polyomavirus-driven Merkel

cell carcinoma. Dermatol Ther 2022;35(7):e15580.

98. Goff PH, Bhakuni R, Pulliam T, et al. Intersection of

two checkpoints: could inhibiting the DNA damage

response checkpoint rescue immune checkpoint-

refractory cancer? Cancers (Basel) 2021;13(14):

3415.

99. Park DE, Cheng J, Berrios C, et al. Dual inhibition of

MDM2 and MDM4 in virus-positive Merkel cell car-

cinoma enhances the p53 response. Proc Natl

Acad Sci U S A 2019;116(3):1027–32.

100. Song L, Bretz AC, Gravemeyer J, et al. The HDAC

inhibitor domatinostat promotes cell-cycle arrest,

induces apoptosis, and increases immunogenicity

of Merkel cell carcinoma cells. J Invest Dermatol

2021;141(4):903–912 e904.
ealth and Social Security de ClinicalKey.es por Elsevier en enero 26, 
ión. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0733-8635(22)00067-5/sref75
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref75
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref75
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref75
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref76
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref76
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref76
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref76
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref77
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref77
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref77
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref77
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref78
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref78
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref78
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref78
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref78
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref79
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref79
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref79
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref79
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref79
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref80
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref80
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref80
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref80
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref80
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref81
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref81
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref81
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref81
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref81
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref82
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref82
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref82
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref82
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref83
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref83
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref83
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref83
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref83
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref84
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref84
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref84
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref84
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref84
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref85
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref85
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref85
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref85
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref85
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref86
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref86
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref86
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref86
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref86
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref87
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref87
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref87
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref87
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref88
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref88
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref88
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref88
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref88
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref89
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref89
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref89
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref89
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref90
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref90
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref90
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref91
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref91
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref91
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref91
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref92
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref92
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref92
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref92
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref93
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref93
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref93
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref93
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref93
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref94
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref94
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref94
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref94
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref94
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref95
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref95
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref95
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref95
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref95
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref104
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref104
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref104
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref96
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref96
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref96
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref96
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref96
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref97
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref97
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref97
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref97
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref98
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref98
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref98
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref98
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref98


Merkel Cell Carcinoma 115
101. Bichakjian CK, Lowe L, Lao CD, et al. Merkel cell

carcinoma: critical review with guidelines for multi-

disciplinary management. Cancer 2007;110(1):

1–12.

102. Samimi M, Molet L, Fleury M, et al. Prognostic value

of antibodies to Merkel cell polyomavirus T anti-

gens and VP1 protein in patients with Merkel cell

carcinoma. Br J Dermatol 2016;174(4):813–22.
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Libra
2023. Para uso personal exclusivamente. No se permiten otros usos sin au
103. Paulson KG, Lewis CW, Redman MW, et al. Viral

oncoprotein antibodies as a marker for recurrence

of Merkel cell carcinoma: a prospective validation

study. Cancer 2017;123(8):1464–74.

104. Riethdorf S, Hildebrandt L, Heinzerling L, et al.

Detection and characterization of circulating tumor

cells in patients with Merkel cell carcinoma. Clin

Chem 2019;65(3):462–72.
ry of Health and Social Security de ClinicalKey.es por Elsevier en enero 26, 
torización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0733-8635(22)00067-5/sref99
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref99
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref99
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref99
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref100
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref100
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref100
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref100
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref101
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref101
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref101
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref101
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref102
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref102
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref102
http://refhub.elsevier.com/S0733-8635(22)00067-5/sref102

	Merkel Cell Carcinoma
	Key points
	Introduction
	Epidemiology and risk factors
	Pathogenesis
	Merkel Cell Polyomavirus (Virus-Positive Pathway)
	Ultraviolet Radiation (Virus-Negative Pathway)
	Cell of Origin

	Diagnosis
	Clinical Presentation
	Histopathology and Immunohistochemistry

	Staging and prognosis
	American Joint Committee on Cancer Staging
	Other Prognostic Factors
	Baseline Imaging
	Regional Lymph Nodes
	Distant Metastasis

	Treatment
	Primary Tumor Bed
	Surgical excision
	Wide versus narrow margin excision
	Mohs micrographic surgery

	Radiation therapy
	Radiation monotherapy
	Adjuvant radiation therapy
	Lymph nodes
	Metastatic disease

	Immunotherapy
	Chemotherapy
	Radiation therapy
	Future therapies



	Surveillance
	Risk of Recurrence
	Follow-Up and Imaging
	Merkel Cell Polyomavirus Oncoprotein Antibody Testing

	Summary
	Clinics care points
	Author contributions
	Disclosures
	References


