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ABSTRACT

Background. Merkel cell carcinoma (MCC) is a rare,
aggressive tumor that often occurs in the head and neck
region. Because of these features, the classifications and
diagnostic and treatment regimens are frequently modified.
Especially in the anatomically complex head and neck
region, it is crucial to be aware of the current recommen-
dations for diagnostics and treatment of MCC to ensure
appropriate treatment. This overview aims to summarize
the currently available literature.

Methods. The authors reviewed the relevant literature and
international guidelines for MCC from 2012 to 2017 with
respect to epidemiology and prognosis, diagnostic proce-
dures and imaging, surgery, radiation, systemic treatment,
and aftercare. These results were compared with existing
guidelines, some of them current, and recommendations
were derived.

Results. Marked developments in imaging have resulted
in an increased use of functional imaging. The surgical
concepts have changed regarding safety margins and the
use of sentinel node biopsies. In systemic treatment, a
move from conventional agents toward immuno-oncology
can be observed.

Conclusions. For staging, it is important to be as exact as
possible using functional imaging (e.g., positron emission
tomography/computed tomography scan), especially in the
head and neck area with its complex lymph drainage. This
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often plays an especially important role in early stages of
the tumor, when the resection margin can be reduced to
preserve the organ. Aftercare also should include func-
tional imaging. In an advanced, metastatic stage, immuno-
oncology (PD-1, PD-L1, CTLA-4) is superior to the pre-
vious methods of systemic treatment.

Merkel cell carcinoma (MCC) is a relatively recent
tumor, first described in 1972 by Cyril Toker (“trabecular
carcinoma of the skin”).1 Generally manifested on the skin,
MCC features epithelial and neuroendocrine differentiation
and is rare, with an incidence of 0.13 per 100,000 (Europe)
to 1.6 per 100,000 (Australia).z’3 The incidence is
increasing, possibly due to better diagnostics and detection
or increasing lifespans.*

Findings show MCC to be extremely aggressive, with
high locoregional metastasis and recurrence rates and high
lethality (higher than for malignant melanoma). Reported
rates for deaths within 5 years range from 55% (localized
tumor) to 84% (metastatic tumor).5

Commonly, MCC manifests on the head/neck and arms
in skin exposed to sunlight. The primary manifestation of
MCC is a painless, rapidly growing cutaneous, often red-
dish or purple nodule.° Typical risk factors, besides
exposure to ultraviolet (UV) radiation, are immunosup-
pression [human immunodeficiency virus (HIV) or organ
transplants], advanced age (>50 years; median
~ 175 years), fair skin, and previous tumor disease.® The
acronym AEIOU describes the characteristics of MCC
(asymptomatic, rapid expansion, Jmmunosuppression,
older than 50, and UV exposure of light skin).7 However,
this acronym is only a starting point because these features
are present in many benign and malignant skin lesions.®
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A large follow-up study of 14,000 patients investigating
stage distributions found that 50.6% of the patients had local
tumor, 35.4% had nodal involvement, and 13.5% had distant
metastases.” Men are affected more often than women.’
Most patients are white (94.9%), with only 1% having dark
skin. Other ethnic groups form the remaining 4.1%."°

PATHOGENESIS

Previously, clinicians assumed that MCC originated in
Merkel cells, originally described in 1875 by Friedrich
Sigmund Merkel as “tactile epithelial cells”."" These cells
are present at the dermis—epidermis junction, form a
complex with sensory neurons, and play a role in
mechanoreception and afferent impulse conduction.'?
Recent studies have questioned this theory that MCC
originate in Merkel cells. The exact tumor genesis also has
not been fully clarified.'*'* A multi-factorial process likely
comprises immune suppression, UV damage to the skin
(also virus-negative), and virus involvement.® Virus-nega-
tive MCC also differs from virus-positive MCC, with a
considerably higher mutation burden [e.g., p53, NOTch,
neurofibromin 1 (NF1), fibroblast growth factor receptor 2
(FGFR?2), phosphoinositide 3-kinase/AKT serine/threonine
kinase (PI3K/AKT)], probably due to increased UV
exposure.'>™'®  Immunocompromisation also promotes
MCC. Organ transplants, malignant diseases, HIV,
immunosuppressive drugs, and especially chronic lym-
phocytic leukemia can increase the risk of MCC 34-48-
fold.”

The Merkel cell polyomavirus (MCPyV), a non-en-
veloped double-stranded DNA virus associated with
pathogenesis, was first described by Feng et al.'® in 2008.
The virus is present in normal ubiquitous dermal flora.”°
The exact method of infection transmission, which occurs
in childhood, is asymptomatic, and persists lifelong, has
not been conclusively explained.”’ The virus remains
detectable lifelong in antibodies whose quantity correlates
with the viral burden.?'*?

Despite the high prevalence of MCPyV, the incidence of
MCC is very low (~3 per 1,000,000).2’3 However, evi-
dence of integrated MCPyV DNA is high (66-80%) and
pathognomonic for the presence of MCC.""?* The cap-
dependent translation regulator (4E-BP1) is activated by
the small tumor antigen (ST). The members of the pocket
protein family [retinoblastoma protein (pRB), retinoblas-
toma-like protein 1 (p107), and retinoblastoma-like protein
2 (pl30)] are inactivated by the large tumor antigen
(LT).”*** Both processes later activate survivin, which
reduces the apoptosis rate.”* However, it is unclear whether
the prognosis for MCPyV-positive tumors differs from that
for MCPyV-negative tumors.**

PROGNOSTIC FACTORS

The clinical factors associated with shorter survival
include age older than 75 years, male gender, primary
location on the lips, and tumor diameter greater than
2 cm.? This corresponds with the histopathologic features
of tumor extension beyond the dermis (tumor thickness),
positive resection margins, and a high mitosis rate.”>**® In
addition, immunosuppression and vitamin D deficiency
have a negative correlation with survival.?”-*® The effect of
T cell infiltration and PD-L1 status has not been confirmed
to date, but there may be positive correlations with an
improved survival rate.”

Locoregional metastasis in the head and neck and distant
metastasis are particularly important. Studies have shown
that the proximity and absence of pathologic evaluation of
locoregional lymph nodes are associated with poorer sur-
vival.>*~*? Locoregional lymph nodes should therefore
always be examined histopathologically. Metastasis and
the number of lymph nodes positive for metastasis also are
associated with poorer survival and sometimes with a
greater tendency for locoregional recurrence.’** There-
fore, a sentinel lymph node biopsy (SLNB) should always
be the first step when no clinical suspicion of locoregional
metastasis exists, and for positive findings, neck dissection
of the drainage region should be performed.® This leads to
lower rates of recurrence in these regions. This does not,
however, prevent distance metastases, and the presence of
locoregional —metastases diminishes the prognosis
considerably.**

The sensitivity and specificity of SLNB can be increased
significantly by navigated techniques.’ A stepwise pro-
cedure reduces postoperative complications and
impairment.*® In addition to locoregional lymph node
metastasis, the skin, central nervous system, bones, and
liver are later typical sites of metastasization.?”-*®

IMAGING

Depending on the author and experience, for primary
staging, sonography, magnetic resonance imaging (MRI),
computed tomography (CT), or positron emission tomog-
raphy (PET)/CT with 18-fluorodeoxyglucose (18-FDG)
imaging is recommended, with no consensus for a specific
method to date.*® Usually, CT imaging is used because one
study showed evidence of its superior sensitivity and
specificity over MRI imaging.”* Combined functional
imaging such as PET/CT and PET/MRI could be advan-
tageous for certain questions and suspected distant
metastases.’” More distant metastases were detected in
some studies when PET/CT was used in the initial exam-
ination, which led to upstaging of the patients and could be
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evidence supporting the use of these methods.*"** How-
ever, a conclusive evaluation of PET/CT used for MCC is
not possible. A few comparative studies of the head and
neck cancer have shown relatively slight differences
between diffusion-weighted MRI, PET/CT, and PET/MRI
imaging in the initial staging examination.**~*

A chest examination is very important in the aftercare of
MCC. Therefore, in addition to a clinical examination
every 8—12 weeks after primary treatment, regular imaging
of the head/neck and chest is recommended, which should
be supplemented by occasional sonographies.’® Due to the
significance of the first posttreatment examination after
3 months, some authors recommend PET/CT.***” The use
of PET/CT scans with radioactive somatostatin analogs
instead of 18-FDG are a new approach because these
receptors are expressed by MCC.***? Radiotracers bound
to octreotides (**Ga DOTATATE or ®®Ga DOTATOC) are
used.*® Another advantage of these tracers is that tumors
are detected that can be treated using somatostatin analogs.
The disadvantage is the higher background uptake in the
liver, adrenal glands, pancreas, thyroid, and spleen.5 0

STAGING

The consensus guideline (8th ed) of the American Joint
Committee on Cancer (AJCC) from 2016 is based on a
study of more than 9000 MCCs.” The classifications are
presented in the new AJCC classification (Tables 1, 2)
based on tumor size, type of local metastasis, or distant
metastasis. Local nodal involvement must be histopatho-
logically confirmed. If nodal metastasis is suspected, an
attempt can be made to confirm it by fine-needle aspiration
or core biopsy. With additional clinical or pathologic
confirmation of the diagnosis, five groups with several
subgroups can be formed. These subgroups have high
prognostic relevance (Tables 1, 2). In the new classifica-
tion, patients with unknown primary tumor are classified as
stage 3a, which reflects the better clinical course of these
patients. Additional tumor biologic characteristics such as
those known for some other tumors (e.g., lymphangiosis
carcinomatosa) have not been integrated into this staging
classification to date.

TREATMENT

Because MCC disease is so rare and due to the rapid
progression and metastasis, treatment of the disease is
interdisciplinary.’’ This is even more important for MCCs
of the head and neck, especially the lips, because they
appear to have a poorer prognosis than peripheral MCCs
outside the head and neck region.”>> The most important
component of this classification is the RO excision of the

primary lesion up to the fascia with a safety margin of at
least 1 cm in stage 1 disease and at least 2 cm in higher
stages,”*>® an SLNB or lymph node excision, and
depending on the histopathologic finding and the resulting
staging (e.g., positive nodal involvement), adjuvant (ra-

dio)therapy (minimum, 50-55Gy in 2 or 2.5 Gy
doses).26’57’58
Although confirmed tumor-free margins with the

respective safety margin are the most important goal in
MCC treatment, this must be weighed in the head and neck
against mutilation (e.g., exenteration, facial nerve). To
spare as much tissue as possible in such cases, special
examination techniques (e.g., Mohs surgery) can be
used.””%° However, this technique should not be used
indiscriminately because it appears to promote the devel-
opment of in-transit metastases.”*®' No precise statement
on the ideal width of the resection margin between 1 and
2 cm can be made to date because studies have shown no
differences in the recurrence-free interval.’> Extending the
safety margin beyond 1 cm has had no prognostic
advantage.®’

Adjuvant radiation for clinical NO neck dissection or
negative SLNB and confirmed resection is disputed for
MCC. Depending on the study, advantages for survival
have been found, but not always.’%g’ﬁz‘(’4 Adjuvant radiation
is therefore routinely performed at the authors’ hospital and
is always indicated for positive lymph nodes or patients
with a high risk of recurrence (e.g., narrow [<1 cm] or
resection margin not tumor free or evidence of lymphan-
gitis carcinomatosa).®> Primary radiotherapy can be
administered to inoperable patients, but the 5-year survival
rates are inferior to those for patients with primary resec-
tion. Adjuvant postoperative radiation seems to increase
local tumor control but has no significant impact on overall
tumor-related survival.®>®° It is important, however, not to
delay the start of adjuvant radiation because of narrow
resection margins. Prospective studies have shown that the
local resection status had no effect on local tumor control
when adjuvant radiation was given.®” Nevertheless, RO
resection should always be the goal if possible.”®

For a clinically NO neck, SLNB is important because
regional metastasis affects the prognosis and decisions for
adjuvant treatment. No consensus exists regarding the
indication for radiation in the case of negative SLNB. The
limitations of SLNB in the head and neck must be taken
into consideration.® The indication for radiation may,
however, be established for larger tumors or tumors with
features of aggressive growth (e.g., lymphangitis carcino-
matosa). Similar to the findings in head and neck tumors,
regional (micro)metastases were detected in the early
stages of MCC using SLNB for up to one third of
patients.”>*** Depending on the technique used, the suc-
cess rates for SLNB can differ significantly between the
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TABLE 2 American Joint Committee on Cancer (AJCC) classification (8th ed): stage aggregation’

Stages T N M Stages T N M
(clinical) (pathologic)
0 Tis NO MO 0 Tis NO MO
1 Tl pNO MO 1 Tl pNO MO
2 A T2/3 pNO MO 2 A T2/3 pNO MO
B T4 cNO MO B T4 cNO MO
3 TO0-4 NI1-3 MO 3 A T1-4 Nla(sn) or Nla MO
B TO Nl1b MO
C T1-4 N1b-3 MO
4 T0-4 Each N Ml 4 T0-4 Each N Ml

head/neck and the remainder of the body due to the more
difficult anatomic situation and more complex lymph
drainage pathways. This disadvantage can be reduced by
using navigated methods.™

The SLNB should be performed before tumor resection
because otherwise, alterations can arise in the lymph ter-
ritory, making the procedure more difficult. If metastasis is
found in the SLNB, the probability of recurrence increases
from 39 to 56%.”

For reliable detection of micrometastases, more
sophisticated histopathologic techniques (slice thicknesses,
incision lines, immunohistochemistry) are needed.®>’°
Immunohistochemistry staining is indicated especially to
differentiate the MCC (also primary tumor) from metas-
tases, mainly metastases of a small cell lung cancer,
melanoma, or lymphoma. For this, cytokeratin 20 (CK20—
MCC), thyroid transcription factor-1 (TTF-1-SCLC),
melan-A/MART-1 (melanoma), and the leukocyte com-
mon antigen (LCA-lymphoma) are used. Other useful
markers are chromogranin A, neuron-specific enolase, and
synaptophysin.”>’" Depending on the patient’s general
condition and operability, primary radiation of the tumor
and the lymph drainage territory may be considered.

Conventional chemotherapy plays a less important role
than other forms of treatment (e.g., surgery or radiation) for
primarily operable MCC due to the short duration of
remission and high toxicity. No reliable data proving an
advantage for either overall or recurrence-free survival are
available.”>””> Chemotherapy generally is considered only
for palliative care or for stage 4 disease with inoperable
distant metastases. The substances used are anthracyclines,
platinum (cisplatin or carboplatin), and/or etoposide and/or
topotecan.”®”’® No established systemic treatment based on
validated evidence has been determined to date.

Several studies have investigated targeted therapy for
MCC with limited success. Various tyrosine kinase inhi-
bitors, for example against PDGFR or c-kit, are used
(pazopanib, imatinib).”®" Testing of a survivin inhibitor is

still in the preclinical phase and has shown some suc-
cess.”*8! The presence of PI3K mutations appears to be
indicative of a more aggressive course and could also be a
target.*” Inducing an immune response through immune
modulators such as imiquimod, which binds to TLR7, has
shown some success.*> The expression of somatostatin
receptors also allows the possibility of peptide receptor
radionuclide therapy, for example with '""Lu-DOTA-
TATE, which studies are investigating.** No valid data are
available for these various active substances.

The use of PD-1 and PD-L1 inhibitors also is very
promising, and the data are superior to the data of other
systemic treatments. Expression of PD-1 and PD-1 ligand
(sometimes high) has been proven in both virus-positive
and virus-negative MCC.'>'® The expression strength
appears to increase with higher tumor stages.*> This indi-
cates an immunogenic reaction to the tumor and is
supported by the fact that the quantity of CD8" T cells in
the tumor correlates with the probability of survival %687
The use of checkpoint inhibitors (PD-1, PD-L1, CTLA-4)
therefore may be useful for MCC as well.

To date, the PD-1 antibody pembrolizumab and the PD-
L1 antibody avelumab have been investigated as first- or
second-line treatment in advanced tumor stages (3 and
4).%8% The response rates have been 32-56%. Complete
remission has been found in approximately 10-15% and
partial remission in 20-40% of cases.**® The rates are
thus comparable with those for other tumors (e.g., head and
neck cancers). Success has been achieved for both virus-
positive and virus-negative tumors. This is encouraging
and supports suggestions for the use of these therapies as
first-line treatment in advanced tumor stages, especially
because the side effects of these substances generally are
controlled easily.

The anti-PD-L1 antibody avelumab is Food and Drug
Administration-approved in the US for metastatic MCC
and is in the approval process in Europe. Currently, other
ongoing studies are investigating checkpoint inhibitors for
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MCC (ipilimumab,
nivolumab).

Based on these data, clinicians are discussing systemic
treatment with active substances from this substance class
for advanced local tumors or higher metastasis rates.

tremelimumab, durvalumab,

AFTERCARE

No aftercare protocols exist for MCC. Because 90% of
all MCC recurrences happen within 24 months (median
8 months), the first 2 years are especially important for
aftercare.>”’> During this period, a whole-body skin
examination, including the locoregional lymph nodes, and
ultrasound of the locoregional lymph nodes are recom-
mended every 8-12 weeks. This interval can later be
extended to 6-12 months. These examinations should be
supported by tomographic imaging depending on risk.
Especially during the first 2 years of aftercare, annual PET/
CT scans can help to detect metastases.*”

CONCLUSIONS

MCC remains an interdisciplinary challenge, in part
because it is so rare. In imaging diagnostics, it appears that
functional imaging with PET tracers has become the
established diagnostic method. Treatment still consists of
resection with a safety margin of at least 1 cm for stage 1
or 2 cm disease in later stages if possible. The lymph
drainage territory should be assessed with SLNB or neck
dissection if metastases are suspected. Depending on the
risk profile or the presence of metastases, adjuvant radia-
tion is indicated for local tumor control. For advanced-
stage disease or recurrences, checkpoint inhibitors (PD-1,
PD-L1, CTLA-4) could improve current treatment options.

DISCLOSURES There are no conflicts of interest.

OPEN ACCESS This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

REFERENCES

1. Toker C. Trabecular carcinoma of the skin. Arch Dermatol.
1972;105:107-10.

2. Youlden DR, Soyer HP, Youl PH, Fritschi L, Baade PD. Inci-
dence and survival for Merkel cell carcinoma in Queensland,
Australia, 1993-2010. JAMA Dermatol. 2014;150:864-72.

3. van der Zwan JM, Trama A, Otter R, et al. Rare neuroendocrine
tumours: results of the surveillance of rare cancers in Europe
project. Eur J Cancer 2013;49:2565-78.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Agelli M, Clegg LX, Becker JC, Rollison DE. The etiology and

epidemiology of Merkel cell carcinoma. Curr Probl Cancer
2010;34:14-37.

. Kaae J, Hansen AV, Biggar RJ, et al. Merkel cell carcinoma:

incidence, mortality, and risk of other cancers. J Natl Cancer Inst.
2010;102:793-801.

. Saini AT, Miles BA. Merkel cell carcinoma of the head and neck:

pathogenesis, current and emerging treatment options. On-
coTargets Ther. 2015;8:2157-67.

. Heath M, Jaimes N, Lemos B, et al. Clinical characteristics of

Merkel cell carcinoma at diagnosis in 195 patients: the AEIOU
features. J Am Acad Dermatol. 2008;58:375-81.

. Lien MH, Baldwin BT, Thareja SK, Fenske NA. Merkel cell

carcinoma: clinical characteristics, markers, staging, and treat-
ment. J Drugs Dermatol. 2010;9:779-84.

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

factors from 9387 Merkel cell carcinoma cases forms the basis
for the new 8th edition AJCC staging system. Ann Surg Oncol.
2016;23:3564-71.

Albores-Saavedra J, Batich K, Chable-Montero F, Sagy N,
Schwartz AM, Henson DE. Merkel cell carcinoma demographics,
morphology, and survival based on 3870 cases: a population-
based study. J Cutan Pathol. 2010;37:20-7.

Merkel FS. Tastzellen and Tastkorperchen bei den Hausthieren
und beim Menschen. Arch Mikrosk Anat. 1875;11:636-52.

Woo SH, Lumpkin EA, Patapoutian A. Merkel cells and neurons
keep in touch. Trends Cell Biol. 2015;25:74-81.

Becker JC, zur Hausen A. Cells of origin in skin cancer. J
Investig Dermatol. 2014;134:2491-3.

Jankowski M, Kopinski P, Schwartz R, Czajkowski R. Merkel
cell carcinoma: is this a true carcinoma? Exp Dermatol.
2014;23:792-4.

. Goh G, Walradt T, Markarov V, et al. Mutational landscape of

MCPyV-positive and MCPyV-negative Merkel cell carcinomas
with implications for immunotherapy. Oncotarget
2016;7:3403-15.

Harms PW, Collie AM, Hovelson DH, et al. Next-generation
sequencing of cytokeratin 20-negative Merkel cell carcinoma
reveals ultraviolet-signature mutations and recurrent TP53 and
RB1 inactivation. Mod Pathol. 2016;29:240-8.

Harms PW, Vats P, Verhaegen ME, et al. The distinctive muta-
tional spectra of polyomavirus-negative Merkel cell carcinoma.
Cancer Res. 2015;75:3720-7.

Wong SQ, Waldeck K, Vergara IA, et al. UV-associated muta-
tions underlie the etiology of MCV-negative Merkel cell
carcinomas. Cancer Res. 2015;75:5228-34.

Feng H, Shuda M, Chang Y, Moore PS. Clonal integration of a
polyomavirus in human Merkel cell carcinoma. Science
2008;319:1096-100.

Arora R, Chang Y, Moore PS. MCV and Merkel cell carcinoma:
a molecular success story. Curr Opin Virol. 2012;2:489-98.
Schowalter RM, Pastrana DV, Pumphrey KA, Moyer AL, Buck
CB. Merkel cell polyomavirus and two previously unknown
polyomaviruses are chronically shed from human skin. Cell Host
Microbe 2010;7:509-15.

Coursaget P, Samimi M, Nicol JT, Gardair C, Touze A. Human
Merkel cell polyomavirus: virological background and clinical
implications. APMIS 2013;121:755-69.

Mangana J, Dziunycz P, Kerl K, Dummer R, Cozzio A. Preva-
lence of Merkel cell polyomavirus among Swiss Merkel cell
carcinoma patients. Dermatology 2010;221:184-8.

Arora R, Shuda M, Guastafierro A, et al. Survivin is a therapeutic
target in Merkel cell carcinoma. Sci Transl Med.
2012;4:133ral56. doi:10.1126/scitranslmed.3003713.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1126/scitranslmed.3003713

3436

U. D. A. Miiller-Richter et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Smith FO, Yue B, Marzban SS, et al. Both tumor depth and
diameter are predictive of sentinel lymph node status and survival
in Merkel cell carcinoma. Cancer 2015;121:3252-60.

Chen MM, Roman SA, Sosa JA, Judson BL. The role of adjuvant
therapy in the management of head and neck Merkel cell carci-
noma: an analysis of 4815 patients. JAMA Otolaryngol Head
Neck Surg. 2015;141:137-41.

Samimi M, Touze A, Laude H, et al. Vitamin D deficiency is
associated with greater tumor size and poorer outcome in Merkel
cell carcinoma patients. J Eur Acad Dermatol Venereol.
2014;28:298-308.

Tarantola TI, Vallow LA, Halyard MY, et al. Prognostic factors
in Merkel cell carcinoma: analysis of 240 cases. J Am Acad
Dermatol. 2013;68:425-32.

Sihto H, Joensuu H. Tumor-infiltrating lymphocytes and outcome
in Merkel cell carcinoma, a virus-associated cancer. Oncoim-
munology 2012;1:1420-1.

Smith VA, Camp ER, Lentsch EJ. Merkel cell carcinoma: iden-
tification of prognostic factors unique to tumors located in the
head and neck based on analysis of SEER data. Laryngoscope
2012;122:1283-90.

Lemos BD, Storer BE, Iyer JG, et al. Pathologic nodal evaluation
improves prognostic accuracy in Merkel cell carcinoma: analysis
of 5823 cases as the basis of the first consensus staging system. J
Am Acad Dermatol. 2010;63:751-61.

Iyer JG, Storer BE, Paulson KG, et al. Relationships among
primary tumor size, number of involved nodes, and survival for
8044 cases of Merkel cell carcinoma. J Am Acad Dermatol.
2014;70:637-43.

Santamaria-Barria JA, Boland GM, Yeap BY, Nardi V, Dias-
Santagata D, Cusack JC Jr. Merkel cell carcinoma: 30-year
experience from a single institution. Ann Surg Oncol.
2013;20:1365-73.

Fields RC, Busam KJ, Chou JF, et al. Recurrence after complete
resection and selective use of adjuvant therapy for stage I through
IIT Merkel cell carcinoma. Cancer 2012;118:3311-20.

Bluemel C, Herrmann K, Kubler A, et al. Intraoperative 3-D
imaging improves sentinel lymph node biopsy in oral cancer. Eur
J Nucl Med Mol Imaging 2014;41:2257-64.

Enzenhofer E, Ubl P, Czerny C, Erovic BM. Imaging in patients
with Merkel cell carcinoma. J Skin Cancer 2013. doi:10.1155/
2013/973123.

Bichakjian CK, Lowe L, Lao CD, et al. Merkel cell carcinoma:
critical review with guidelines for multidisciplinary management.
Cancer 2007;110:1-12.

Medina-Franco H, Urist MM, Fiveash J, Heslin MJ, Bland KI,
Beenken SW. Multimodality treatment of Merkel cell carcinoma:
case series and literature review of 1024 cases. Ann Surg Oncol.
2001;8:204-8.

Colgan MB, Tarantola TI, Weaver AL, et al. The predictive value
of imaging studies in evaluating regional lymph node involve-
ment in Merkel cell carcinoma. J Am Acad Dermatol.
2012;67:1250-6.

Concannon R, Larcos GS, Veness M. The impact of IR FDG
PET-CT scanning for staging and management of Merkel cell
carcinoma: results from Westmead Hospital, Sydney, Australia. J
Am Acad Dermatol. 2010;62:76-84.

Siva S, Byrne K, Seel M, et al. '®F-FDG PET provides high-
impact and powerful prognostic stratification in the staging of
Merkel cell carcinoma: a 15-year institutional experience. J Nucl
Med. 2013;54:1223-9.

Hawryluk EB, O’Regan KN, Sheehy N, et al. Positron emission
tomography/computed tomography imaging in Merkel cell car-
cinoma: a study of 270 scans in 97 patients at the Dana-Farber/
Brigham and Women’s Cancer Center. J Am Acad Dermatol.
2013;68:592-9.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Schaarschmidt BM, Heusch P, Buchbender C, et al. Locoregional
tumour evaluation of squamous cell carcinoma in the head and
neck area: a comparison between MRI, PET/CT and integrated
PET/MRI. Eur J Nucl Med Mol Imaging 2016;43:92—102.
Heusch P, Sproll C, Buchbender C, et al. Diagnostic accuracy of
ultrasound, "®F-FDG-PET/CT, and fused "®’F-FDG-PET-MR
images with DWI for the detection of cervical lymph node
metastases of HNSCC. Clin Oral Investig. 2014;18:969-78.
Stecco A, Ciolfi S, Buemi F, et al. Combined multimodal co-
registration of PET/CT and MRI images increases diagnostic
accuracy in squamous cell carcinoma staging. Radiol Med.
2016;121:502-9.

George A, Girault S, Testard A, et al. The impact of '®F-FDG-
PET/CT on Merkel cell carcinoma management: a retrospective
study of 66 scans from a single institution. Nucl Med Commun.
2014;35:282-90.

Peloschek P, Novotny C, Mueller-Mang C, et al. Diagnostic
imaging in Merkel cell carcinoma: lessons to learn from 16 cases
with correlation of sonography, CT, MRI and PET. Eur J Radiol.
2010;73:317-23.

Buder K, Lapa C, Kreissl MC, et al. Somatostatin receptor
expression in Merkel cell carcinoma as target for molecular
imaging. BMC Cancer. 2014;14:268. doi:10.1186/1471-2407-14-
268

Sollini M, Taralli S, Milella M, et al. Somatostatin receptor
positron emission tomography/computed tomography imaging in
Merkel cell carcinoma. J Eur Acad Dermatol Venereol.
2016;30:1507-11.

Kritikos N, Priftakis D, Stavrinides S, Kleanthous S, Sarafianou
E. Nuclear medicine techniques in Merkel cell carcinoma: a case
report and review of the literature. Oncol Lett. 2015;10:1610-16.
Schneider S, Thurnher D, Erovic BM. Merkel cell carcinoma:
interdisciplinary management of a rare disease. J Skin Cancer
2013. doi:10.1155/2013/189342

Morand GB, Madana J, Da Silva SD, Hier MP, Mlynarek AM,
Black MJ. Merkel cell carcinoma of the head and neck: poorer
prognosis than non-head and neck sites. J Laryngol Otol.
2016;130:393-7.

Smith VA, MaDan OP, Lentsch EJ. Tumor location is an inde-
pendent prognostic factor in head and neck Merkel cell
carcinoma. Otolaryngol Head Neck Surg. 2012;146:403-8.

Tai P. A practical update of surgical management of Merkel cell
carcinoma of the skin. ISRN Surg. 2013. doi:10.1155/2013/
850797

Schwartz JL, Wong SL, McLean SA, et al. NCCN guidelines
implementation in the multidisciplinary Merkel Cell Carcinoma
Program at the University of Michigan. J Natl Compr Cancer
Netw. 2014;12:434-41.

Schadendorf D, Lebbe C, Zur Hausen A, et al. Merkel cell car-
cinoma: epidemiology, prognosis, therapy and unmet medical
needs. Eur J Cancer 2017;71:53-69.

Hruby G, Scolyer RA, Thompson JF. The important role of
radiation treatment in the management of Merkel cell carcinoma.
Br J Dermatol. 2013;169:975-82.

Hasan S, Liu L, Triplet J, Li Z, Mansur D. The role of postop-
erative radiation and chemoradiation in Merkel cell carcinoma: a
systematic review of the literature. Front Oncol. 2013;3:276.
doi:10.3389/fonc.2013.00276

Boyer JD, Zitelli JA, Brodland DG, D’ Angelo G. Local control of
primary Merkel cell carcinoma: review of 45 cases treated with
Mohs micrographic surgery with and without adjuvant radiation.
J Am Acad Dermatol. 2002;47:885-92.

O’Connor WJ, Roenigk RK, Brodland DG. Merkel cell carci-
noma: comparison of Mohs micrographic surgery and wide
excision in eighty-six patients. Dermatol Surg. 1997;23:929-33.


http://dx.doi.org/10.1155/2013/973123
http://dx.doi.org/10.1155/2013/973123
http://dx.doi.org/10.1186/1471-2407-14-268
http://dx.doi.org/10.1186/1471-2407-14-268
http://dx.doi.org/10.1155/2013/189342
http://dx.doi.org/10.1155/2013/850797
http://dx.doi.org/10.1155/2013/850797
http://dx.doi.org/10.3389/fonc.2013.00276

Merkel Cell Carcinoma of the Head and Neck

3437

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Hughes MP, Hardee ME, Cornelius LA, Hutchins LF, Becker JC,
Gao L. Merkel cell carcinoma: epidemiology, target, and therapy.
Curr Dermatol Rep. 2014;3:46-53.

Kim JA, Choi AH. Effect of radiation therapy on survival in
patients with resected Merkel cell carcinoma: a propensity score
surveillance, epidemiology, and end results database analysis.
JAMA Dermatol. 2013;149:831-8.

Mojica P, Smith D, Ellenhorn JD. Adjuvant radiation therapy is
associated with improved survival in Merkel cell carcinoma of
the skin. J Clin Oncol. 2007;25:1043-7.

Gunaratne DA, Howle JR, Veness MIJ. Sentinel lymph node
biopsy in Merkel cell carcinoma: a 15-year institutional experi-
ence and statistical analysis of 721 reported cases. Br J Dermatol.
2016;174:273-81.

Jouary T, Leyral C, Dreno B, et al. Adjuvant prophylactic
regional radiotherapy versus observation in stage I Merkel cell
carcinoma: a multicentric prospective randomized study. Ann
Oncol. 2012;23:1074-80.

Veness M, Howle J. Radiotherapy alone in patients with Merkel
cell carcinoma: the Westmead Hospital experience of 41 patients.
Australas J Dermatol. 2015;56:19-24.

Finnigan R, Hruby G, Wratten C, et al. The impact of preradia-
tion residual disease volume on time to locoregional failure in
cutaneous Merkel cell carcinoma: a TROG substudy. Int J Radiat
Oncol Biol Phys. 2013;86:91-5.

Grotz TE, Joseph RW, Pockaj BA, et al. Negative sentinel lymph
node biopsy in Merkel cell carcinoma is associated with a low
risk of same-nodal-basin recurrences. Ann Surg Oncol. 2015;22:
4060-6.

Schmalbach CE, Lowe L, Teknos TN, Johnson TM, Bradford
CR. Reliability of sentinel lymph node biopsy for regional stag-
ing of head and neck Merkel cell carcinoma. Arch Otolaryngol
Head Neck Surg. 2005;131:610-14.

Su LD, Lowe L, Bradford CR, Yahanda Al, Johnson TM, Sondak
VK. Immunostaining for cytokeratin 20 improves detection of
micrometastatic Merkel cell carcinoma in sentinel lymph nodes. J
Am Acad Dermatol. 2002;46:661-6.

Sidiropoulos M, Hanna W, Raphael SJ, Ghorab Z. Expression of
TdT in Merkel cell carcinoma and small cell lung carcinoma. Am
J Clin Pathol. 2011;135:831-8.

Allen PJ, Bowne WB, Jaques DP, Brennan MF, Busam K, Coit
DG. Merkel cell carcinoma: prognosis and treatment of patients
from a single institution. J Clin Oncol. 2005;23:2300-9.

Eng TY, Boersma MG, Fuller CD, Cavanaugh SX, Valenzuela F,
Herman TS. Treatment of Merkel cell carcinoma. Am J Clin
Oncol. 2004;27:510-15.

Eng TY, Naguib M, Fuller CD, Jones WE III, Herman TS.
Treatment of recurrent Merkel cell carcinoma: an analysis of 46
cases. Am J Clin Oncol. 2004;27:576-83.

Eng TY, Boersma MG, Fuller CD, et al. A comprehensive review
of the treatment of Merkel cell carcinoma. Am J Clin Oncol.
2007;30:624-36.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Pectasides D, Moutzourides G, Dimitriadis M, Varthalitis J,
Athanassiou A. Chemotherapy for Merkel cell carcinoma with
carboplatin and etoposide. Am J Clin Oncol. 1995;18:418-20.
Pectasides D, Pectasides M, Psyrri A, et al. Cisplatin-based
chemotherapy for Merkel cell carcinoma of the skin. Cancer
Investig. 2006;24:780-5.

Miller NJ, Bhatia S, Parvathaneni U, lIyer JG, Nghiem P.
Emerging and mechanism-based therapies for recurrent or
metastatic Merkel cell carcinoma. Curr Treat Options Oncol.
2013;14:249-63.

Samlowski WE, Moon J, Tuthill RJ, et al. A phase II trial of
imatinib mesylate in Merkel cell carcinoma (neuroendocrine
carcinoma of the skin): a Southwest Oncology Group Study
(S0331). Am J Clin Oncol. 2010;33:495-9.

Krasagakis K, Fragiadaki I, Metaxari M, et al. KIT receptor
activation by autocrine and paracrine stem cell factor stimulates
growth of Merkel cell carcinoma in vitro. J Cell Physiol.
2011;226:1099-109.

Dresang LR, Guastafierro A, Arora R, Normolle D, Chang Y,
Moore PS. Response of Merkel cell polyomavirus-positive
Merkel cell carcinoma xenografts to a survivin inhibitor. PLoS
ONE 2013;8:¢80543. doi:10.1371/journal.pone.0080543

Nardi V, Song Y, Santamaria-Barria JA, et al. Activation of PI3K
signaling in Merkel cell carcinoma. Clin Cancer Res.
2012;18:1227-36.

Balducci M, De Bari B, Manfrida S, D’Agostino GR, Valentini
V. Treatment of Merkel cell carcinoma with radiotherapy and
imiquimod (Aldara): a case report. Tumori 2010;96:508-11.
Kwekkeboom DJ, Krenning EP. Peptide receptor radionuclide
therapy in the treatment of neuroendocrine tumors. Hematol
Oncol Clin N Am. 2016;30:179-91.

Afanasiev OK, Yelistratova L, Miller N, et al. Merkel poly-
omavirus-specific T cells fluctuate with Merkel cell carcinoma
burden and express therapeutically targetable PD-1 and Tim-3
exhaustion markers. Clin Cancer Res. 2013;19:5351-60.
Paulson KG, Iyer JG, Simonson WT, et al. CD8" lymphocyte
intratumoral infiltration as a stage-independent predictor of
Merkel cell carcinoma survival: a population-based study. Am J
Clin Pathol. 2014;142:452-8.

Feldmeyer L, Hudgens CW, Ray-Lyons G, et al. Density, dis-
tribution, and composition of immune infiltrates correlate with
survival in Merkel cell carcinoma. Clin Cancer Res. 2016;22:
5553-63.

Kaufman HL, Russell J, Hamid O, et al. Avelumab in patients
with chemotherapy-refractory metastatic Merkel cell carcinoma:
a multicentre, single-group, open-label, phase 2 trial. Lancet
Oncol. 2016;17:1374-85.

Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 blockade with
pembrolizumab in advanced Merkel cell carcinoma. N Engl J
Med. 2016;374:2542-52.


http://dx.doi.org/10.1371/journal.pone.0080543

	Merkel Cell Carcinoma of the Head and Neck: Recommendations for Diagnostics and Treatment
	Abstract
	Background
	Methods
	Results
	Conclusions

	Pathogenesis
	Prognostic Factors
	Imaging
	Staging
	Treatment
	Aftercare
	Conclusions
	Open Access
	References




