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Abstract: Merkel cell carcinoma (MCC) is an uncommon form of skin neoplasm with poor histological
differentiation and an aggressive disease process, leading to high recurrence and mortality. There
are multiple risk factors in which being in an immunocompromised state is a significant factor, and
the discovery of Merkel cell polyomavirus (MCPyV) since 2008 has strengthened causal associations
between MCC and immunosuppression. Individuals who have undergone kidney transplantation are
therefore more susceptible to having MCC, secondary to post-transplant immunosuppression which
plays a vital role in reducing the risk of transplant kidney rejection. Over recent years a rise in the
incidence of MCC following kidney transplantation is noted, with increased reporting of such cases.
Whilst localized MCC is observed, MCC metastasis to the lymphatic system, brain, bone, liver, lung,
and heart has been previously observed in patients with transplanted kidneys. Kidney metastasis is
less common and has been only reported in recent years with greater frequency. The management of
aggressive, metastatic MCC has historically been palliative, and prognosis is poor. Recently, the use of
immune checkpoint inhibitors for metastatic MCC in multi-center phase II clinical trials have shown
promising survival outcomes and have been approved for use in countries such as the United States
as a first-line treatment. In this review we will explore the potential pathophysiological processes
of MCC manifesting post-kidney transplantation. We will then evaluate the epidemiology of MCC
within the context of kidney transplantation, before discussing the various clinical presentations,
diagnostic measures, surveillance strategies, and current treatment options as well as future directions
to best manage MCC in kidney transplant recipients.

Keywords: Merkel cell carcinoma; kidney transplantation; epidemiology; etiology; pathophysiology;
diagnosis; surveillance; management

1. Introduction

Merkel Cell Carcinoma (MCC) is a neuroendocrine cancer of the skin [1]. Although
this diagnosis is relatively rare compared to other forms of skin neoplasm, MCC is the
second most frequent cause of death from skin malignancy after melanoma [2]. Found
mostly in sun-exposed areas of the skin such as the head and neck, MCC originates
from nerve-associated Merkel cells which lie in the basal epidermal layer [3,4]. Certain
demographic characteristics such as older age, being of Caucasian ethnicity, extensive
exposure to ultraviolet (UV) radiation and/or immunosuppression are deemed significant
risk factors of MCC development [3–7].

Historically, a poor prognosis is expected because of aggressive tumor progression,
poor histological differentiation and high recurrence rates [8,9]. Outcomes data over the
years have demonstrated the clinical course to be variable, even if these factors were
present [3,10–13]. The presence or absence of metastasis is often considered the most
important prognostic marker in MCC [14]. Regional and distant metastasis to various
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sites—from the lymphatic system, brain, bone, liver, lung, heart and more recently, the
kidneys—has been reported in patients with metastatic MCC [15–20].

Patients with organ transplants are generally at higher risk of developing MCC and
other forms of skin cancers compared to the non-transplanted population, with the risk
estimated to be between 66 and 182 fold [21]. In particular, a more aggressive clinical course
of MCC is observed for kidney transplant recipients where MCC diagnosis at an earlier
age is expected [22,23]. Such patients usually present with localized disease in the form of
a red or violaceous nodular lesion in sun-exposed skin before lymphovascular invasion
and metastasis.

The aggressive nature of MCC development in kidney transplant recipients is pri-
marily explained by these patients almost universally requiring post-transplant immuno-
suppression. Systemic immunosuppression displayed the strongest association with poor
survival prognosis, irrespective of MCC stage and metastatic status compared to other
established risk factors of MCC which occur following kidney transplantation [24]. Pre-
vious studies highlighted that MCC-specific mortality in immunosuppressed individuals
nearly doubles that of non-immunosuppressed individuals over 3 years follow-up [25].
UV radiation-induced immunosuppression, Human Immunodeficiency Virus (HIV), au-
toimmune disorders, lymphoproliferative disorders and more importantly specific to
this scenario, Merkel cell polyomavirus (MCPyV), are other risk factors of MCC which
compound the effects from immunosuppression in kidney transplant recipients [26–28].
Conditions of immunosuppression might increase the viral replication activity of MCPyV.
This increase could lead, in turn, to an increased risk of MCPyV-driven MCC. In a similar
fashion, MCPyV-positive MCC has been reported to arise in rheumatoid arthritis patients
under iatrogenic immunosuppressive therapy [29], so the connecting link between MCPyV
and MCC may be the anti-viral immune system which is unable to control the oncogenic
activity of MCPyV oncoproteins [30].

Though radiotherapy or cytotoxic chemotherapy followed by palliative care if these
treatments fail are traditionally mainstays of management, significant developments have
been made on the medical treatment options for advanced stage and metastatic MCC,
particularly with the advent of immunotherapies for this condition. Positive findings
demonstrated in numerous phase 2 multi-center clinical trials have led to the European
Association of Dermato-Oncology (EADO) proposing the potential use of medications such
as Avelumab, Pembrolizumab or Nivolumab as first-line standard treatment for metastatic
MCC [31–34]. The United States Food and Drug Administration (FDA) approved the
use of Avelumab and Pembrolizumab for this purpose [35,36]. Other novel therapeutic
options include the use of epigenetic-based therapies such as histone deacetylase (HDAC)
inhibitors [37]. Continued investigation is warranted to fully validate the use of medications
as well as other treatment options for MCC.

This review article aims to discuss the possible etiologies and pathophysiological
pathways of MCC following kidney transplantation. The epidemiological patterns reported
amongst kidney transplant recipients with MCC will be elucidated. This article will then
evaluate the variations in clinical presentation, diagnostic and surveillance measures un-
dertaken to confirm a post-transplant MCC diagnosis. Following this, current preventative
measures and current therapeutic options will be reviewed, as well as the exploration of
future avenues in research to optimize treatment of MCC in kidney transplant recipients.

2. Etiology and Pathophysiology of Merkel Cell Carcinoma

MCC was thought to originate from Merkel cell precursors which are likely derived
from epidermal or hair follicle stem cells, pre-B/pro-B cells, or dermal fibroblasts, though
the cells of origin in MCC remains not fully established at present [38–41]. Since normal
Merkel cells are terminally differentiated and do not undergo cell division, they are deemed
unlikely to be the cell of origin for MCC development [42].

The carcinogenesis process of MCCs is primarily linked to two main etiologies—clonal
integration of MCPyV and long-term sunlight exposure leading to ultraviolet-mediated
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DNA damage (Figure 1) [43,44]. MCPyV is a recently identified human polyomavirus that
is clonally integrated into the genome of MCC cells, as determined by whole-transcriptome
sequencing [45]. In earlier studies, Southern blot patterns of the primary tumor and a
metastatic lymph node isolated from the same patient appeared identical, suggesting the
MCPyV integration event was clonal and likely occurred in early phases of the tumorigenic
process [45]. MCPyV can usually be acquired during childhood and is detected in the skin
of most healthy individuals [46,47]. Despite the widespread and lifelong infection with
MCPyV in most individuals, very few MCPyV-exposed subjects actually have MCC [48].
Antibodies against MCPyV viral capsid proteins, particularly immunoglobulin G (IgG), are
detected in between 60 and 80% of healthy, immunocompetent adults [49–52]. Maternally
derived antibodies might account for the seropositivity in newborn babies and are probably
effective in preventing primary infection [46]. When the maternal antibodies are no longer
present by around 18 months of age, children are susceptible to de novo infection and are
capable to mount antibody responses of their own [46].
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Figure 1. Clonal integration of MCPyV and UV-mediated DNA damage from sunlight exposure
carcinogenesis models of MCC. DNA: Deoxyribonucleic acid; MCC: Merkel Cell Carcinoma; MCPyV:
Merkel Cell Polyomavirus; UV: Ultraviolet.

MCPyV-specific T-cell responses detected in the serum blood samples of post-transplant
patients with MCC are characterized by CD4+ helper cells, which react to a broad range
of peptides derived from viral capsid and oncoproteins [53]. The action of IgG antibodies
against small T (ST) and large T (LT) antigens of MCC are relatively specific, with this mech-
anism observed in more than 40% of post-transplant patients with MCC but less than 1% of



Dermato 2023, 3 28

normal controls [54]. It has been shown that the levels of ST and LT antibodies correlate to
tumor mass in MCPyV-positive MCC and will increase in the event of spread or metastatic
disease [54]. It should be taken into account that surveillance for MCPyV-positive MCC
is not only mediated by humoral immunity and CD4+ T-helper cells, but also by cell-
mediated immunity [55]. MCPyV-specific CD8+ T-lymphocytes were found in serum blood
samples for over half of MCPyV-positive MCC patients, in which its levels correlate with
disease progression and degree of remission following MCC treatment [55]. It is known
that MCPyV-positive MCC contain increased numbers of tumor-infiltrating CD8+ and
CD3+ lymphocytes, natural killer cells, macrophages and Fox P3+ regulatory T-cells, when
compared to MCPyV-negative MCC [56,57]. The tumor-infiltrating CD8+ lymphocytes are
associated with a favorable prognosis of MCC [56,58]. Another important feature relating
to the immune surveillance of MCC cells is that they are able to employ certain mechanisms
to evade tumor surveillance by tumor-infiltrating lymphocytes (TILs) [10,42,59]. The loss
of vascular E-selectin expression, an important factor in T-cell entry to the skin, displays
significant association with poor intra-tumoral CD8+ infiltration and worsened prognosis
of MCC cells [60]. A decreased activity of TILs in MCC signifies the decreased expres-
sion of co-stimulatory signal molecules, as well as expression of specific T-cell exhaustion
markers [61]. Restriction of T-cell entry into tumor cells and reduction in T-cell function
might be considerable and targetable forms of immuno-evasion in MCC [61]. Besides
clonal integration, chronic expression of the two MCPyV oncoproteins also contributes
significantly to MCC pathophysiology. This probably occurs due to the loss of expression
of the MCPyV miRNA that negatively regulates MCPyV LT transcript [62].

Medium- to long-term ultraviolet exposure may result in the manifestation of MCPyV-
positive MCC as chronic sunlight exposure leads to local immunosuppression [42,59]. This
is explained by the fact that ultraviolet radiation induces the expression of inflammatory
mediators and functional alterations in the antigen-presenting dendritic cells, resulting in a
cascade of events that modulate immune sensitivity [63]. Nevertheless, the frequency of
DNA mutations occurring in ultraviolet-induced MCPyV-negative MCC is significantly
higher (between 25 and 90-fold) compared to MCPyV-positive MCC, in similarity with other
ultraviolet-induced skin cancers such as melanoma and squamous cell carcinoma [64–68].
This finding further distinguishes the MCPyV-positive and negative subtypes of MCC,
according to DNA sequencing studies of MCC samples which rely on sequencing of
cancer-specific genes, whole exomes or whole genomes. The MCPyV-negative MCC that is
typically characterized by numerous mutations reflecting DNA damage from ultraviolet
exposure, and MCPyV-positive MCC containing integrated MCPyV DNA, few somatic
mutations and scarce evidence of ultraviolet-induced damage [64]. Amongst MCPyV-
negative MCC cells, the mutational patterns frequently reflected faulty repair of pyrimidine
dimers induced by UV radiation [66,67]. MCPyV-positive MCC cells usually had low
mutation numbers in the range of 0.4 per megabase [42,68].

Within the context of kidney transplantation, iatrogenic immunosuppression is fre-
quently observed due to the medications administered to prevent graft rejection. Whilst
details regarding the impact of each individual immunosuppressant medication on MCC
development in kidney transplant recipients are not fully known, it is established that
calcineurin inhibitors and Azathioprine use significant increase risk of non-melanoma skin
cancer including MCC [28,69]. Calcineurin inhibitors such as Cyclosporine and Tacrolimus
were shown to display tumorigenic effects through interference with DNA repair and
other mutational changes, raising risks of non-melanoma skin cancer by up to 200-fold
even in previously immunocompetent individuals [70,71]. Pathophysiological associations
between immunosuppressant use and MCPyV-positive and negative MCC disease activity
are supported by findings that amongst patients who developed metastatic MCC following
kidney transplantation, regression of MCC following withdrawal of immunosuppressants
was observed although remission did not persist for more than 12 months in reported
cases [72,73].
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3. Epidemiology of Merkel Cell Carcinoma in Kidney Transplant Recipients
3.1. Methods of Systematic Search for Epidemiological Data

Between the 2000s and 2010s the incidence of MCC has increased almost 2-fold globally,
despite being known as a rare condition compared to other forms of skin malignancies [5].
This is most likely explained by a rise in the global aging population, as MCC typically
occurs amongst elderly patients age >65 years. Nevertheless, uncertainty as to the global
epidemiology of MCC amongst kidney transplant recipients remains, with a paucity of
observational data from registry cohorts reporting the incidence and prevalence of MCC
within the transplanted population. Following a systematic search encompassing the input
of the following search terms: “Merkel Cell Carcinoma” AND “Kidney Transplantation”
using PubMed, Web of Science, EMBASE, Google Scholar, and Medline-ProQuest, we note
the majority of published articles relating to this topic appeared in the form of isolated
case reports or case series (Table 1) [74–92]. Otherwise, there were seven epidemiological
cohort studies published, which recorded specific MCC characteristics in kidney transplant
recipients over decades of follow-up (Figure 2) [22,26,93–98].
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3.2. Epidemiological Cohort Studies

The earliest publication reviewed records of 10,955 patients from the Cincinnati Trans-
plant Tumor Registry between 1968 and 1998. This article authored by Penn and First [22]
in 1999 described 41 patients who developed MCC following solid organ transplantation
of which 36 patients received a kidney transplant, 1 patient receiving heart and kidney
transplantation simultaneously and another patient with simultaneous liver and kidney
transplantation. Amongst these 38 patients, the mean age was 53.3 years, and there were
27 male and 11 female patients. Mean time of MCC appearance following transplant
surgery was 97 months. The majority of MCC first formed in the head and neck region
(16 cases) followed by the upper limbs (11 cases), the trunk (7 cases) and lower limbs
(3 cases). In total, 19 patients developed other malignancies during follow-up where in
17 of these cases they were other skin malignancies, i.e., squamous cell carcinoma, basal cell
carcinoma (BCC), or melanoma. By the end of 1998, 15 of the 38 patients were still living
whilst 23 patients had died after treatments that included wide local excision, radical node
dissection, radiotherapy, and chemotherapy. Mean length of follow-up following MCC
diagnosis was 15.8 months.
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Table 1. Case Reports and Case Series of MCC in Kidney Transplant Recipients.

Author(s),
Country of Report,
Journal and Year of

Publication

Age (Years) and
Sex of Patient(s) Previous Malignancies

Post-Transplant
Immunosuppression

Received

Location and Spread of
MCC

Time from
Transplantation to

MCC
Diagnosis

Treatment Received Clinical Outcome

Formica et al.,
Italy

Nephron, 1994 [74]
54, Male

Prostatic highly
differentiated in situ

adenocarcinoma

Prednisolone
Cyclosporine A

Chest Skin Region,
Contralateral

supraclavicular lymph
node metastases,

Left subcostal area MCC

3 years

Regional
Lymphadenectomy

followed by radiotherapy;
Eventual tapering of

immunosuppressant dose as
disease spread increases

Not specified

Douds et al.,
United Kingdom

Nephrol. Dial.
Transplant., 1995 [75]

67, Male Nil Prednisolone
Cyclosporine A

Upper Left Thigh Skin
Region

Metastatic MCC at the
mediastinum

2 years

Wide surgical Excision
followed by radiotherapy

initially; Further
radiotherapy given when

metastatic MCC diagnosed

Passed away 2 weeks
following diagnosis of
large mediastinal mass
suggestive of metastatic

MCC

Gooptu et al.,
United Kingdom
Br. J. Dermatol.

1997 [76]

Case 1: 56, Female
Case 2: 55, Male

Case 1: Nil
Case 2: Numerous

episodes of Squamous
Cell Carcinoma
post-transplant

Case 1: Cyclosporine,
Azathioprine

Case 2: Cyclosporine,
Azathioprine

Case 1: Skin area over left
shin and enlarged lymph
node at left groin. Pelvic

and para-aortic
lymphadenopathy

confirmed
Case 2: Skin area at back
of neck initially, axillary

and cervical
lymphadenopathy prior

to spine and brain
metastases

Case 1: 4 years
Case 2: 15 years

Case 1: Six courses of
chemotherapy (etoposide

and vincristine)
Case 2: Surgical excision
followed by radiotherapy

Case 1: Patient died 1
year after presentation
Case 2: Patient died 6

months after
presentation

Williams et al.,
United States

Transplantation,
1998 [77]

65, Male Nil
Prednisolone
Cyclosporine
Azathioprine

Left lower back Skin
Region 6 years

Wide surgical Excision
followed by radiotherapy

and two cycles of
chemotherapy (carboplatin

and etoposide);
Modification of

immunosuppression regime
to Prednisolone and
Cyclosporine only

At 13 months after
treatment, the patient

continued to be in good
health, without

evidence of either
allograft rejection or

MCC recurrence
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Table 1. Cont.

Author(s),
Country of Report,
Journal and Year of

Publication

Age (Years) and
Sex of Patient(s) Previous Malignancies

Post-Transplant
Immunosuppression

Received

Location and Spread of
MCC

Time from
Transplantation to

MCC
Diagnosis

Treatment Received Clinical Outcome

Urbatsch et al.,
United States

J. Am. Acad. Dermatol.,
1999 [78]

Case 1: 40, Male
Case 2: 48, Male
Case 3: 60, Male

Case 1: SCC in upper
extremities, neck, back

and face
Case 2: Multiple BCC
and SCCs of arms and

neck
Case 3: Multiple BCC
and SCCs in various

sites

Case 1: Prednisolone
Cyclosporine
Azathioprine

Case 2: Prednisolone
Cyclosporine
Azathioprine

Case 3: Prednisolone
Cyclosporine

Case 1: Skin area of right
parotid gland

Case 2: Skin area of AV
fistula at right arm. SCC

overlying MCC at this site.
Right axillary

lymphadenopathy found
Case 3: Skin area over left

forearm. Left axillary
lymphadenopathy

suggestive of metastatic
MCC

Case 1: 3 years
Case 2: 4 years
Case 3: 7 years

Case 1: Radiotherapy to
affected areas administered

Case 2: Wide surgical
excisions and right axillary
lymphadenectomy, prior to
radiotherapy and 3 cycles of

chemotherapy
(cyclophosphamide,

Adriamycin and Vincristine)
Case 3: Wide surgical

excision initially performed
to excise lesion. Due to

metastatic spread, patient
referred to oncology.
Radiotherapy and

Chemotherapy deemed
unsuitable, for palliative

treatment

Case 1: Achieved
remission. No evidence

of recurrence
Case 2: Achieved

remission. No evidence
of recurrence

Case 3: Not specified

Silvestris et al.,
Italy

J. Exp. Clin. Cancer
Res., 2000 [79]

90, Female Resected Colorectal
Cancer Prednisolone

Skin area over the left
anterior thigh. Sentinel

lymph node biopsy
negative.

Not specified
Wide surgical excision

performed. Patient declined
post-operative radiotherapy

6 months follow-up did
reveal patient was in
remission, with no
MCC recurrence

Bartsch et al.,
Germany

Pathologe, 2002 [80]
59, Male

Post-transplant urinary
bladder

adenocarcinoma
Multiple metachronic
pre-/neoplastic skin

lesions

Prednisolone
Cyclosporine

Skin area over the Left
Auricular Helix 27 years

Surgical treatment of lesion
was performed, but patient
died 6 months later before
further treatment could be

initiated

Patient died of
hematogenous spread

of MCC 6 months
following surgical

excision of MCC lesion

Morris et al.,
Australia

Br. J. Haematol.,
2005 [81]

72, Male Not specified
Prednisolone
Cyclosporine

Mycophenolate Mofetil

Skin area over Right
Shoulder with Right

Axillary
Lymphadenopathy

4 years

Surgical excision of primary
lesion. By the time

metastatic MCC was
identified, the patient was
considered for palliative

chemotherapy

Patient died before
palliative chemotherapy

was instituted



Dermato 2023, 3 32

Table 1. Cont.

Author(s),
Country of Report,
Journal and Year of

Publication

Age (Years) and
Sex of Patient(s) Previous Malignancies

Post-Transplant
Immunosuppression

Received

Location and Spread of
MCC

Time from
Transplantation to

MCC
Diagnosis

Treatment Received Clinical Outcome

Bucci et al.,
United States

J. Resid. Dermatol.,
2006 [82]

55, Male Multiple SCCs
Not specified. MCC

diagnosed 4 weeks after
kidney transplantation

Skin area over Central
Forehead, with multiple

satellite nodules and
spread to right cheek and
metastatic disease to head

and neck regions

4 weeks

Mohs micrographic surgery
was initially performed to

clear tumor burden, and the
patient also went through

bilateral, radical neck
dissections

Tumor recurrence
occurred months after

initial resection and
lymph node dissection.

Disease advanced
quickly and the patient

died 6 months
following diagnosis

Ferreira et al., Portugal
Eur. J. Plastic Surg.,

2006 [83]
72, Female

Forehead BCC removed
8 months prior to MCC

presentation

Prednisolone
Cyclosporine
Azathioprine

Primary lesion over the
Medial Canthus of the

Right and Left Eyes. Stage
II lymphatic and distant
metastasis was identified

initially, before liver
metastases was found

11 years

Surgical removal to the level
of the periosteum of the

nasal bone initially. Plan for
adjuvant radiotherapy and

chemotherapy following
diagnosis of liver metastases

Rapid clinical
deterioration with

advancing liver
metastases before
radiotherapy and

chemotherapy could be
initiated. Patient died
10 months following

initial diagnosis

Kanitakis et al., France
J. Cutan. Pathol.,

2006 [84]
47, Male Nil Steroids

Cyclosporine

Skin area over Left
Shoulder. Patient also had

an atypical lentiginous
junctional nevus of the

chest

5 years

Lesion surgically excised.
Progressive discontinuation

of immunosuppression
medications

Achieved remission, but
patient developed

chronic graft rejection
and therefore required
HD. Lost to follow-up

Lau et al.,
China (Hong Kong)

Pathology,
2006 [85]

57, Female Nil Prednisolone
Cyclosporine A

Skin area over Right
Temporal Region. Later
developed two enlarged

lymph nodes
over the ipsilateral Head

and Neck region, one over
the

preauricular region and
one over level II of the

Cervical
lymphatic chain

7 years

Wide local clear excision of
the primary lesion was

performed, followed by fine
needle biopsy of the

enlarged lymph nodes.
Further treatment received,

if any, was not specified.

Not specified
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Table 1. Cont.

Author(s),
Country of Report,
Journal and Year of

Publication

Age (Years) and
Sex of Patient(s) Previous Malignancies

Post-Transplant
Immunosuppression

Received

Location and Spread of
MCC

Time from
Transplantation to

MCC
Diagnosis

Treatment Received Clinical Outcome

Kaisar et al.,
Australia

Nephrology (Carlton),
2007 [86]

67, Female
Frequent occurrences of

SCC and BCC
post-transplant

Prednisolone
Cyclophosphamide

No primary skin lesions
detected, axillary

lymphadenopathy and
Hepatic metastases

identified from initial
diagnosis

6 years
Patient opted for palliation

due to the extent of
metastatic disease

Died soon after
diagnosis

Kurnatowska et al.,
Poland

Ann. Transplant.,
2010 [87]

62, Male Nil Prednisolone
Cyclosporine A

Primary lesion at the
buttock, eventually

developing disseminating
skin lesions and multiple

metastases

5 years

Surgical excision of lesions
and adjuvant radiotherapy

received. Switch from
Cyclosporine A to mTOR

inhibitor

Patient eventually died
due to advancement of
disease with multiple

metastases

Krejci et al.,
Czech Republic

Onkologie, 2010 [88]
62, Male Nil

Prednisolone
Tacrolimus

Mycophenolate Mofetil

Skin area over Right
Gluteal Region, eventual

inguinal lymph node
spread and Head of
Pancreas metastasis

8 years

Wide surgical excision of initial
skin lesion, and sentinel lymph

node biopsy/lymph node
dissection performed.

Adjuvant radiotherapy given.
Immunosuppressive regime

was adjusted (Mycophenolate
Mofetil was discontinued, and

Tacrolimus treatment was
changed to Sirolimus with a
low dose of prednisone). 3

cycles of chemotherapy
(doxorubicin and

cyclophosphamide) were
administered when metastatic

disease was identified

Patient died of
complicating

obstructive ileus caused
by the tumor mass and
pneumonia 9 months

after the primary
diagnosis.
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Table 1. Cont.

Author(s),
Country of Report,
Journal and Year of

Publication

Age (Years) and
Sex of Patient(s) Previous Malignancies

Post-Transplant
Immunosuppression

Received

Location and Spread of
MCC

Time from
Transplantation to

MCC
Diagnosis

Treatment Received Clinical Outcome

Singh et al.,
United States

Transplantation,
2019 [89]

71, Female Nil

Anti-thymoglobulin
Glucocorticoid

Tacrolimus
Mycophenolate Mofetil

Skin area over Left Neck,
with MCC then

metastasizing to Liver
and Spine

12 years

Initially underwent left
lateral neck dissection and

radiotherapy. Adjustment of
immunosuppression regime
(discontinued Tacrolimus,

halved Mycophenolate
Mofetil dose, and reduced

Prednisolone dose to
5mg/day). Eventual

commencement on PD-1
therapy (Nivolumab) with

13 cycles of treatment

Significant
improvement in quality

of life outcomes after
commencement of PD-1

therapy. No further
progression of MCC
and kidney function

was stabilized

Brystrup Boyles et al.,
Denmark

Acta Oncologica,
2020 [90]

72, Female Not specified

Not specified, though
noted patient was on

long-term
immunosuppressive

therapy

Primary lesion is arm.
AJCC IV grade MCC
noted, though area

affected by metastases not
specified

Not specified

PD-1 therapy
(Pembrolizumab)

administered as first-line
treatment for MCC

Had stable disease and
partial response whilst

receiving
Pembrolizumab, but

this was discontinued
after four doses and
disease progressed

again. Mortality
outcome not specified.

Rizzo et al.,
United States

JAAD Case Rep.,
2021 [91]

48, Male Not specified

Not specified, though
noted patient was on
immunosuppressive

therapy

Primary lesion over skin
area in Right Groin,

leading to Right Groin
Adenopathy. Liver and
then brain metastases
eventually diagnosed

Not specified

Treated with chemotherapy
(carboplatin and etoposide)
followed by PD-1 therapy
(Pembrolizumab). When

brain metastases were
identified, stereotactic

surgery was performed and
the patient then continued

with Pembrolizumab

The patient’s condition
deteriorated despite

active and aggressive
treatment. He was
transitioned into

hospice care and died of
the disease 9 months
following diagnosis

Wu et al.,
United Kingdom

Kidney360
2021 [92]

64, Female Not specified

Not specified, though
noted patient was on
immunosuppressive

therapy

Primary lesion over skin
area over Right

Anteromedial Thigh.
Metastases to the right

transplanted kidney was
identified

10 years
Palliative care as patient
deemed unsuitable for

immunotherapy treatment

Patient passed away
during the same

hospital admission in
which the diagnosis

was made

AJCC: American Joint Committee on Cancer; AV: Arteriovenous; BCC: Basal Cell Carcinoma; HD: Hemodialysis; MCC: Merkel Cell Carcinoma; mTOR: Mammalian Target Of Rapamycin;
PD-1: Programmed Death-1; SCC: Squamous Cell Carcinoma.
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The second epidemiological study came from work by Koljonen and colleagues [93],
in which they screened for MCC cases amongst individuals who underwent kidney trans-
plantation between 1967 and 2005, according to data from the National Renal Transplant
Registry and the Finnish Cancer Registry. Three cases of MCC were detected among 4200 in-
dividuals who underwent kidney transplantation from 1967 to 2005 (expected number 0.05,
standardized incidence ratio 66, 95%CI 14–194, p < 0.001). The first patient was a 68-year old
man who received kidney transplantation due to chronic autoimmune glomerulonephritis.
Receiving cyclosporin A, methylprednisolone for post-transplant immunosuppression,
he was diagnosed with left cheek MCC 8 years following transplantation, in which rad-
ical excision of the MCC and adjuvant radiotherapy was administered. Unfortunately,
neck metastases were found 6 months following radical excision, and the patient died
8 months after initial MCC diagnosis. The second patient was a 66-year old man who
also received kidney transplantation as a result of chronic autoimmune glomerulonephri-
tis. Receiving azathioprine and methylprednisolone as part of the post-transplantation
immunosuppression, the patient developed MCC at the right earlobe 19 years after his
kidney transplantation in which regional lymph node and distant metastasis was identified.
Despite receiving radical excision and neck dissection followed by post-operative radio-
and chemotherapy, the patient died 6 months after his metastatic MCC diagnosis. The third
patient is a 44-year old man with a background history of rheumatoid arthritis, amyloidosis
and nephrotic syndrome who received kidney transplantation. His post-transplant im-
munosuppression regime included azathioprine, cyclosporin A, and methylprednisolone.
The patient developed a right cheek MCC 6 years following transplantation, and radical
excision (alongside sentinel node biopsy) together with adjuvant radiotherapy was admin-
istered. He developed repeated local recurrences of the tumor and eventually died 2 years
after his initial MCC diagnosis.

There was an abstract presented in the 2010 Australian and New Zealand Society of
Nephrology Conference which evaluated the prevalence of MCC amongst kidney trans-
plant recipients recorded from Brisbane’s Princess Alexandra Hospital (Queensland, Aus-
tralia) Histopathology Database between 1999 and 2010. Sammartino and colleagues [94]
reported 11 kidney transplant recipients who were diagnosed with MCC during this period,
where mean age was 72 years. Mean time from kidney transplant to MCC diagnosis was
15 years, and 9 of the 11 kidney transplant recipients eventually died of metastatic MCC in
which the median time to death from diagnosis was 8.9 months.

The third reported epidemiological cohort study, by Kalinova and colleagues [95],
linked patients who underwent kidney transplantation at the University Hospital Olomouc
Transplant Center between 1984 and 2009 to reported data from the National Cancer
Registry of the Czech Republic, identifying patients who were diagnosed with skin cancer
post-transplant. There was one patient who was diagnosed with MCC, a 59-year old man
who had developed a reddish–brown nodule sized approximately 20 × 30 mm on his
right buttock four years after kidney transplantation. Despite wide surgical excision of the
MCC lesion, chemotherapy and modification of his immunosuppression regime (replacing
Cyclosporine with mTOR inhibitor Rapamycin) the patient died due to tumor advancement
7 months following his MCC diagnosis.

The fourth publication was an observational study which investigated the risk of skin
cancers and other malignancies in kidney, liver, heart and lung transplant recipients whose
data are recorded in the Swedish National Transplant Registry between 1970 and 2008 [21].
Out of 10,476 transplant recipients during this period, 7952 people received a kidney trans-
plant. There were 6 cases of MCC during follow-up, in which the standardized incidence
ratio is 52 (95%CI 19–113). The fifth epidemiological study was an observational analysis on
the risk factors of MCC following solid organ transplantation. Clarke and colleagues [26]
linked the United States Scientific Registry of Transplant Recipients with data from 15
population-based cancer registries to ascertain MCC occurrence among 189,498 solid organ
transplant recipients between 1987 and 2009. Risks for MCC following transplantation
were compared to that with the general population using standardized incidence ratios,
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and Poisson regression was used to compare incidence rates according to key patient and
transplant characteristics. Kidney transplantation recipients formed the majority of the
transplants undertaken during this period (111,775 kidney transplant recipients, 59% of
all transplant patients included) and 70 MCC cases following kidney transplantation were
reported (13.8 incidence rate per 100,000 years). The authors concluded from this study
that overall risk of MCC was increased by 23.8-fold following solid organ transplantation,
where adjusted risks were highest amongst older transplant recipients, increased with
time since transplantation. These risks varied by organ type in which older patients with
kidney transplantation were at higher risk compared to those receiving liver, heart, lung
and combined organ transplantations. Furthermore, azathioprine, cyclosporin, and mTOR
inhibitors such as sirolimus given for maintenance post-transplant immunosuppression
significantly increased MCC risk, and non-Hispanic white recipients on cyclosporine and
azathioprine experienced increased MCC risk if they resided in lower latitudes with higher
UV light exposure (p = 0.012).

The sixth study, reviewing MCC cases following kidney transplantation between 1964
and 2018 from records in the Irish National Kidney Transplant Service (NKTS) registry, was
presented as a letter to the editor manuscript by Keeling and colleagues [96] in 2019. Twelve
individuals from 5108 kidney transplant recipients were identified during this period. All
were male patients, and the median age was 67 years (range between 49 and 86 years old).
The mean time from kidney transplantation to diagnosis of MCC was 15 years, in which
8 of the 12 patients with MCC were diagnosed between 2008 and 2018. Median survival
from the time of MCC diagnosis was 14 months amongst the 12 patients, and only 3 of
them have survived beyond 5 years of follow-up. The standardized incidence ratio for
MCC was 97.0 (95%CI 44.3–184.2).

Another recent publication by Keeling and colleagues [97] examined cases of MCC
between 1994 and 2014 from the National Cancer Registry Ireland (NCRI), with a focus
on gender and solid organ transplant recipients. Out of 314 MCC cases during that
period, 10 were solid organ transplant recipients of which nine people received kidney
transplantation. Mean age at diagnosis was 65.1 years (compared to 79.0 years in non-
transplanted patients). Amongst the ten patients, the average time from transplantation to
the development of MCC was 14.1 years. Seven patients developed MCCs on the head and
neck. All 9 patients who received kidney transplantation developed other non-melanoma
skin malignancies in addition to MCC. Seven of the 9 patients died from advancing MCC
in which the median survival of those who died was 0.14 years.

Ultimately, as Keeling and colleagues have alluded to in their publications, there may
be underestimation of the true incidence of MCC amongst kidney transplant recipients
across the currently available database studies [96,97]. Considering that an international
classification of diseases-10 (ICD-10) code for MCC was only first created in 2009, and
cytokeratin-20 (CK-20) staining, a specific diagnostic marker of MCC was only established
in 1995, some MCC cases could have been missed from earlier years. Given the relative lack
of clarity at present regarding its epidemiology, there remains a need to establish national
and international registry databases to record MCC incidence and prevalence amongst
kidney transplant recipients going forwards.

4. Clinical Presentation, Diagnostic Features and Surveillance of Merkel
Cell Carcinoma

MCC typically presents itself as a rapidly progressing solitary tumor which lies in
cutaneous or subcutaneous tissue [98,99]. It is mainly located around sun-exposed areas of
the skin, such as the head and neck regions, but could also appear in the extremities and
buttock region though with less frequency (Figure 3) [98–100]. It remains unclear whether
there are differences in clinical appearances between MCPyV-positive and MCPyV-negative
MCC, and they both present as red-to-violet nodular lesions that may be misdiagnosed as
benign dermatological disease (i.e., cysts, infected or inflamed skin lesions) or other forms
of skin malignancy (i.e., SCC, skin complications of lymphoma or metastatic disease) [23].
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Differences in clinical appearance between MCC in transplant recipients and non-transplant
patients are also not currently known [23,100]. Classic MCC lesions usually do not present
with ulceration, and it is uncommon that multiple lesions stemming from various body
sites are elucidated [101].
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Given MCC lesions are usually asymptomatic, and progression of its clinical pre-
sentation non-specific, formal diagnosis of the condition would be delayed. Structured
guidance to ensure the timely identification of MCC lesions have been discussed over
the years, in which the development of the AEIOU (Asymptomatic, Expanding rapidly,
Immunosuppressed, >50 years of age, UV-exposed) system has been touted as a useful
way to consider whether the patient’s clinical presentation and demographic status are of
high risk towards a MCC diagnosis, where greater attention should be placed for kidney
transplant recipients [23]. Histopathological confirmation is necessary, given the challenges
to confirm MCC through clinical means only [42,98–100]. It should be acknowledged
that a morphological diagnosis may be difficult to obtain, as MCC cells are very sensitive
to drying artefacts that can occur during the preparation of the sample especially with
small biopsies [42]. Suspected MCC biopsies with phenotypic aberrations would require a
comprehensive immunohistochemical expression profile work-up to confirm the diagnosis.

MCC is one of the diagnoses which encompass the group of tumors known as the
‘small, blue round cell’ tumors [102]. It is composed of dermal and/or subcutaneous nod-
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ules or sheets of small, monomorphic, round-to-oval cells with a vesicular nucleus and
scanty cytoplasm [102]. There are three major classification types of MCCs: small-cell, tra-
becular and intermediate, though most MCCs present with an overlap between these three
types [102]. Neoplastic MCC cells can emerge large in size, particularly after recurrence of
disease following radiotherapy, and display a more explicit pleomorphic morphological
appearance [98,102]. In these cells, the nucleoli are usually not prominent and multiply
within the cell, and cellular necrosis is common [102]. Histopathological features such as
large tumor thickness, high mitotic rate, an infiltrative (rather than circumscribed) growth
pattern and the presence of lymphovascular invasion have been associated with an in-
creased risk of microscopic nodal metastases and a poor prognostic outlook [102]. A total of
10% of MCC cases would display epidermotropism though purely intra-epidermal tumors
are rarely described [103]. Despite this, it is not uncommon to observe intra-lymphatic
invasion. High rate of local MCC reoccurrence following initial surgical treatment may be
explained by the presence of intra-lymphatic complexes and isolated tumor cells close to
the surgical margins [103]. These features should be diligently searched for and accordingly
documented during histopathological evaluation.

Previous reports note frequent observations where MCCs are contiguous to or inter-
mingled with other skin malignancies, in particular SCC and Bowen’s disease [104,105].
The pathophysiological association and progression between MCC and SCC are explained
that both tumors originate from a common multipotent stem cell, and following this have
divergent differentiation of neoplastic cells and eventually the simultaneous growth of two
unrelated malignancies [106]. In scenarios where there is a combined MCC and SCC tumor,
p53 is usually overexpressed [106].

Due to uncertainties when determining whether a lesion is genuinely MCC through
its histopathological features alone, immunohistochemical markers are needed to confirm
MCC diagnoses. MCC has a characteristic immunohistochemical profile, in terms of anti-
gens expressed and expression patterns [42,59]. MCC cells conventionally express several
type I or type II cytoskeletal keratins, in particular cytokeratin (CK) 20 but also CK8, CK18
and CK19 [59,107,108]. Less than 10% of MCC cases stain negative for CK20 [100]. These
cases are usually characterized by a high mutational burden and likely MCPyV-negative
MCCs [109]. Neuroendocrine markers such as synaptophysin and others could also be
expressed [59,107,108]. A large subset of MCCs typically stains positive for the MCPyV T
antigens, consistent with genetic findings [42]. Many MCC cases display positivity to the
oncoprotein huntingtin-interacting protein 1 whilst one-third would likely stain positive
for tumor protein 63 [110–112]. MCCs are usually negative for thyroid transcription factor
1, mammalian achaete-scute homologue 1, vimentin, S100 calcium-binding protein B and
CK7 [42,59,98–100]. It is acknowledged that whilst the use of immunohistochemical mark-
ers is useful to confirm a MCC diagnosis, it is unable to selectively differentiate between
MCPyV-positive and MCPyV-negative MCC [42]. Whilst positive staining for MCPyV large
T antigen likely suggests MCPyV-positive MCC, negative staining does not necessarily rule
it out [42]. Ultimately in most cases, having a clinical presentation and morphological fea-
tures similar to MCC, positive staining for CK20 and neuroendocrine markers and negative
staining for TTF1, CK7 and lymphoid markers are sufficient to confirm the diagnosis. Other
MCC diagnostic markers such as AE1/AE3, CAM5.2 and CD46 should also be considered.

Following confirmation of MCC through histopathological evaluation, all positive
cases should undertake further imaging to screen for the presence of extra-cutaneous
disease [34]. Ultrasonography should be utilized at the first instance to screen the lymph
node basin. MCC usually spreads to lymph nodes first [100]. Identification of such
spread would indicate sentinel lymph node biopsy to be performed, with this procedure
being an important component for staging purposes [13,113]. This should be followed by
Positron Emission Tomography-Computed Tomography (PET-CT), which has replaced
CT and magnetic resonance imaging (MRI) scanning as the primary imaging option for
MCC staging [100]. Previous studies, albeit conducted in a single center setting, have
noted changes to the MCC stage classification in 33% of patients and to management
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in 43% of patients [114]. The most updated MCC staging classification is based on the
2018 American Joint Committee on Cancer (AJCC) staging classification—Stage 0 (in situ);
Stage I (localized MCC with primary lesion ≤2 cm); Stage II (localized disease with primary
lesion >2 cm); Stage III (lymph node spread); Stage IV (Metastatic disease beyond the local
lymph nodes) [115]. Due to improved planning on identifying MCC within the clinical
setting, most initial MCC diagnoses occur during Stage I or II [42]. Whilst survival depends
on stage at initial diagnosis, it is with optimism that MCC may regress spontaneously, and
this is associated with improved prognosis [116]. Local or distant recurrences usually occur
in previously treated MCC within the first 3 years following initial diagnosis [42]. Patients
whose MCC has not recurred by 3 years are likely to have significantly diminished risks of
disease recurrence.

Regular screening for MCC in immunosuppressed patients through the diagnostic
measures described in this section, particularly for kidney transplant and other solid organ
transplant recipients, has been touted as a potentially important part of post-transplant
management (Figure 4) [34]. In addition to regular self-examination, clinic surveillance
with skin and lymph node physical examination every 3 to 6 months in the first 2 years
post-transplant, and every 6 to 12 months thereafter, is recommended [34,117]. Biopsy of
suspicious cutaneous lesions should not be postponed, particularly in high risk patients.
Current guidelines suggest referral for imaging when clinically indicated, and more fre-
quent imaging through PET-CT (CT or MRI with contrast should only be considered if
PET-CT is not available) is indicated for patients deemed with high risk for MCC [118].
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Further work on the design of MCC surveillance programs for the post-transplant
cohort is anticipated. There remain scarcely any data detailing the association between
specific immunosuppressive treatments and the development of MCC [119]. The use of
serum biomarkers as indicators of MCC disease severity and tumor burden to replace
the need for regular invasive histopathological evaluation in suspected disease requires
greater study. Current conclusions in employing MCPyV anti small T antigen antibodies
for this purpose are inconsistent [54,120]. Further validation of this method across different
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patient cohorts and centers is needed before consideration for implementation within the
clinical setting.

5. Prevention and Management Options for Merkel Cell Carcinoma

Encouraging primary preventative measures to reduce risks of MCC as much as possi-
ble for kidney transplant recipients would be the ideal scenario, though difficult to achieve.
Lowering ultraviolet radiation exposure and reducing immunosuppressive therapy with
MCC considerations may be important components of preventative management, but
the efficacy of these measures to reduce MCC risks remain debatable [34,42]. Ultraviolet
radiation from sunlight and/or artificial light sources has been associated with increased
MCC risks [23,121,122]. It may be the most easily preventable risk factor of MCC through
avoidance of sunlight by staying indoors, seeking shade when outdoors, and applying
ultraviolet protection by wearing hats, clothing, and sunscreens, but the effectiveness of
these measures to prevent MCC has been questioned [123]. On the other hand, the lack of
ultraviolet radiation exposure may have detrimental effects on vitamin D synthesis, which
is particularly significant for those with kidney disease [123,124]. Ultraviolet radiation
plays a role in the cutaneous synthesis of vitamin D and the impact of chronic sunscreen
use resulting in low serum 25-hydroxyvitamin D levels should be recognized [123]. Op-
timization of post-transplant immunosuppression in view of MCC risks is challenging,
given simultaneous risks of transplant rejection if inadequate immunosuppression is pre-
scribed [119]. Multidisciplinary management to appropriately balance the risks and benefits
alongside a personalized immunosuppressive regime for each individual patient is rec-
ommended [28,34,119]. The use of statins, with these being immunosuppressive agents,
should be cautioned for kidney transplant recipients given statins are linked to increased
risks of MCC development in immunosuppressed individuals [28,125].

If feasible, wide excision of the primary MCC tumor is the ideal treatment [34,42].
Given the majority of MCCs manifest in the head and neck region, wide excision may
lead to functional and cosmetic complications [126]. For kidney transplant recipients, their
immunosuppressed state and co-morbidities may affect eligibility for extensive surgery,
considering general anesthetic and other post-operative risks. Unfortunately, local recur-
rence rate of MCC is significantly higher with small excisions is high particularly in cases of
positive surgical resection margins. Available literature is limited on associations between
excision margins and recurrence risk [127]. Current guidelines generally recommend a 1 to
2 cm excision margin down to the muscle fascia or the pericranium for MCCs in the head
region, regardless of tumor size [34,42]. Microscopic surgery and complete histological
inspection of the margins of the excised material to confirm complete resection of the
tumor can be considered when there are functional risks [127,128]. The utility of these
techniques is relatively premature within the MCC context. For early stage MCCs, recent
studies have suggested advantages of utilizing Mohs surgery, though further work will be
needed to validate this approach [129]. Surgical reconstruction of the excision site should
be postponed until negative margins and sentinel lymph node biopsy is performed, if this
is indicated [34,126]. Whether to immediately proceed with surgical reconstruction or not
should also consider if post-operative radiotherapy is required.

It would be ideal to perform sentinel lymph node biopsy simultaneously with wide
excision if the lymph nodes of the draining basin appear clinically negative. It may be
challenging to always identify nodal micro-metastases, considering up to 30% of MCCs
present sub-clinically with lymph node spread which could progress to clinical lymph node
metastases if untreated from an early stage [130]. Treatment options may include complete
lymph node dissection and/or loco-regional radiotherapy to the draining lymph node
basin [126]. Since current American and European guidelines advise for adjuvant radio-
therapy to the primary MCC lesion once this is excised, there are considerable benefits in
numerous cases to apply loco-regional radiotherapy as well in reducing lymph node spread
or recurrence [34,131,132]. MCC cases would have good responses towards radiotherapy,
and single-modality radiotherapy is usually considered in MCC cases which are inopera-
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ble [133]. Previous studies found that radiotherapy in primary tumors and positive lymph
nodes can control disease activity in between 75 and 85% of cases [42,133]. Its mechanism
of reducing the size of an advancing MCC lesion and potentially delaying or preventing
fungation, which results in ulceration and bleeding, may provide immense impact on
improving a patient’s quality of life. For MCC patients who are deemed to be palliative
with advanced metastases, a single (i.e., 8 Gy) fraction of radiotherapy has been shown
to relieve debilitating skeletal pain symptoms significantly [134]. Despite its advantages,
application of radiotherapy in elderly patients and those with co-morbidities including the
post-transplant and immunosuppressed populations would require meticulous manage-
ment. Common adverse effects observed include fatigue, cutaneous desquamation and
site-specific adverse effects (e.g., xerostomia and taste dysfunction with radiotherapy to
MCC in the parotid region). In elderly patients and those with multi-morbidities and/or
poor functional baseline, a shorter hypo-fractionated radiotherapy course is ideal. Many
patients can tolerate radiotherapy, given treatment is usually applied superficially and
ipsilaterally [42]. A multidisciplinary approach to make treatment decisions on an indi-
vidual basis whether radiotherapy is suitable has been advocated, to balance between the
benefits of treatment versus potential long-term adverse effects [28]. Regular follow-up
with clinical examination and imaging whilst on radiotherapy is recommended to guide
treatment decisions [34,126].

Prior to the advent of immunotherapies, chemotherapy is the most common systemic
treatment for metastatic MCCs which are not amenable to surgical cure. Chemotherapeutic
regimens applied for MCC are similar to those used for small-cell carcinoma given their
similar cellular morphology [28,42]. Platinum-based therapies, etoposide, taxanes, and
anthracyclines are used as single or combined regimens [135]. Previous reports on positive
MCC response are variable across published studies, ranging between 20 and 61% [34,135].
Better responses are observed where chemotherapy was used as first-line rather than
second-line treatment [135]. Ultimately, chemotherapy-related toxicities are very common,
and the implications are more severe for patients with liver and kidney impairment and
those who are immunosuppressed [136]. Common adverse effects of aggressive chemother-
apy may include: myelosuppression, sepsis, fatigue, alopecia, nausea, vomiting, and acute
kidney injury [136]. Therefore, the recent availability of immunotherapy options for MCC
management suggests immunotherapy as the more optimal choice of systemic treatment
for kidney transplant recipients. Chemotherapy may only be considered as a palliative
strategy after failure or contraindication to immunotherapy [137].

The development and progressive application of therapeutics from the PD-1/PD-L1
immune checkpoint pathway is a key breakthrough for the treatment of metastatic MCC,
alongside various types of cancers [138]. There are numerous reasons why this is a viable
systemic treatment option. First of all, MCC can be identified as an immunogenic cancer,
on the basis of increased incidence and poorer prognosis amongst immunosuppressed
patients such as the kidney transplant population [24]. Furthermore, immune responses to
MCPyV T antigens are present in serum samples of MCC patients and tumor-infiltrating T
cells which may be specific to MCPyV proteins enriched in MCCs [55,139]. The constitutive
expression of viral proteins in MCPyV-positive MCCs and very high frequencies of DNA
mutations associated with ultraviolet damage in MCPyV-negative MCCs may explain for
MCC immunogenicity [64].

Several PD-1/PD-L1 inhibitors have been investigated and published in completed
phase 1 and/or 2 clinical trials, namely Avelumab, Pembrolizumab, and Nivolumab
(Table 2) [31,32,140–143].

Avelumab, a fully human anti-PD-L1 antibody, has been extensively evaluated in the
phase II JAVELIN Merkel 200 trial [31,140]. Administering this drug at 10 mg/kg every
2 weeks with a median follow-up of 65.1 months, an overall response rate of 33.0% (95%CI
23.3–43.8%) and a complete response rate of 11.4% was found [31]. Median progression-
free survival was 2.7 months (95%CI 1.4–6.9). With the median duration of treatment
response being 40.5 months, it shows responding patients benefit over the long-term with
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Avelumab, something not seen with conventional chemotherapies [140]. Whilst median
overall survival and 3-year survival was noted to be 12.6 months (95%CI 7.5–17.1 months)
and 32% (95%CI 23–42%), respectively, according to the original publication of trial re-
sults, an updated publication of study findings stated the 5-year survival as 26% (95%CI
17–36%) [31,141]. This further confirms the durable responses and potential survival bene-
fits of Avelumab in an indirect comparison to chemotherapies. Based on its efficacy and
that there were no particular safety issues from this trial, Avelumab has been approved
for use in many countries globally including the US and across Europe. An expanded
access program study, documenting real-world experience with Avelumab in MCC patients
has been published. In this study which was conducted following FDA and EADO ap-
proval, Walker and colleagues [142] confirmed efficacy and safety data from the original
registrational study.

Table 2. Current developments of utilizing Avelumab, Pembrolizumab and Nivolumab for treatment
of MCC.

PD-1/PD-L1 Inhibitor Current Developments

Avelumab [31,140–142]

• Phase II JAVELIN Merkel 200 trial: administered Avelumab at 10mg/kg every 2 weeks
with a median follow-up of 65.1 months found an overall response rate of 33.0%
(95%CI 23.3–43.8%), and a complete response rate of 11.4%

• Median progression-free survival was 2.7 months (95%CI 1.4–6.9). Median duration of
treatment response was 40.5 months

• Median overall survival and 3-year survival was noted to be 12.6 months (95%CI
7.5–17.1 months) and 32% (95%CI 23–42%), respectively. The 5-year survival is 26%
(95%CI 17–36%)

• Avelumab has been approved for use in many countries globally including the US and
across Europe

• In an expanded access program study documenting real-world experience conducted
following FDA and EADO approval, results were similar to the original registrational
study in terms of efficacy and safety

Pembrolizumab [32]

• Keynote-017 trial: multi-center phase II trial which administered Pembrolizumab
2 mg/kg every 3 weeks for up to 2 years in 50 patients with treatment-naïve advanced
MCC to evaluate its efficacy

• Median follow-up time was 14.9 months and overall response rate was 56% (95%CI
41.3–70.0%)

• Median duration of response to Pembrolizumab was not reached
• Median progression-free survival was 16.8 months, with 2-year overall survival

being 68.7%

Nivolumab [143]

• Checkmate-358 trial: patients with previously untreated advanced MCC or those
previously treated with 1 or 2 systemic therapies were evaluated. Patients enrolled in
this trial were given Nivolumab at 240 mg every 2 weeks with a median follow-up of
26 weeks (the range being between 5 and 35 weeks)

• Overall response rate was 68% to 71% for treatment-naïve patients and 63% for
pre-treated patients

• Progression-free survival and overall survival were 82 and 92%, respectively, over
3-month follow-up

• Awaiting further results in relation to the medium to long-term outcomes of MCC
patients receiving Nivolumab treatment

EADO: European Association of Dermato-Oncology; FDA: Food and Drug Administration; MCC: Merkel Cell
Carcinoma; PD-1: Programmed Cell Death Protein 1; PD-L1: Programmed Death-Ligand 1; US: United States.

Pembrolizumab is a humanized IgG4 antibody directed against PD-1. Keynote-017 [32]
is a multi-center phase II trial which administered Pembrolizumab 2 mg/kg every 3 weeks
for up to 2 years in 50 patients with treatment-naïve advanced MCC, to evaluate its efficacy.
The study concluded that median follow-up time was 14.9 months and overall response
rate was 56% (95%CI 41.3–70.0%). Median duration of response to Pembrolizumab was
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not reached and median progression-free survival was 16.8 months, with 2-year overall
survival being 68.7%. Overall, these results confirm a good efficacy of anti-PD-1/PD-L1
blockade in treatment-naïve MCC patients.

Nivolumab is a fully human IgG4 antibody acting against PD-1. In the Checkmate-
358 trial [143], the authors evaluated the use of Nivolumab in patients with previously
untreated advanced MCC or those previously treated with 1 or 2 systemic therapies. A
group of 25 patients enrolled in this trial were given Nivolumab at 240 mg every 2 weeks
with a median follow-up of 26 weeks (the range being between 5 and 35 weeks). Overall
response rate was 68% to 71% for treatment-naïve patients and 63% for pre-treated patients.
Over a short follow-up period of 3 months, progression-free survival and overall survival
were 82 and 92%, respectively. Further results are anticipated to determine the medium- to
long-term outcomes of MCC patients receiving Nivolumab treatment.

Though trial findings are encouraging for the utility of PD-1/PD-L1 inhibitors in
MCC management, there remain uncertainties and knowledge gaps in relation to the
optimal application of these therapeutics in clinical practice. Biomarkers with potential to
measure immunotherapy response have been investigated—this includes changes in PD-L1
status, tumor mutational burden and tumor MCPyV status [31,32]. Current results remain
inconclusive, and more work is needed to evaluate the viability of utilizing these biomarkers
reliably in measuring treatment response [31,32]. An optimal duration of immunotherapy
treatment is still uncertain, with currently available studies unable to establish a common
pre-defined treatment duration and predictors for long-term response to immunotherapy in
MCC [31,32,140,141,143]. Early data evaluating the rate of immunotherapy discontinuation
suggest immunotherapy responses in metastatic MCC do not appear to be as durable
off-treatment as in other cancers, including those patients who have achieved a complete
response. This requires further investigation [141].

Another topic of interest with currently pending results is the administration of im-
munotherapy in adjuvant and neoadjuvant settings. Ipililumab, a monoclonal antibody
activates the immune system by targeting cytotoxic T-lymphocyte-associated protein 4,
was given as an adjuvant treatment and compared to observation alone in a randomized
DeCOG phase II trial (‘ADMEC’) [144]. This study, conducted in Germany, was prema-
turely ended as the result of a futility analysis. Amongst the 40 patients included no
differences in progression-free survival were identified whilst Ipilimumab caused signif-
icant toxicities. Going forwards, results from the subsequent randomized phase-2 trial
of the DeCOG (“ADMEC-O’) are hugely anticipated, where this trial compares the effi-
cacy of Nivolumab versus observation alone in 180 patients randomized in a 2:1 ratio
(NCT02196961). Numerous trials comparing adjuvant immunotherapy to observation
alone are ongoing (NCT04291885, NCT03271372, NCT03712605). There is only one notable
study published now in relation to the administration of immunotherapy in a neoadjuvant
setting. In a sub-study of the Checkmate-358 trial [145], patients with resectable MCC
received Nivolumab 240 mg intravenously on days 1 and 15 of the study, and resection of
the primary lesions was planned to occur on day 29. In total, 39 patients with AJCC stages
IIA to IV resectable MCC received 1 or more Nivolumab doses. There were 3 patients
who did not undergo surgery because of tumor progression or adverse events. Among
the 36 patients who underwent MCC resection, 17 (47.2%) patients achieved a complete
pathologic response. Out of 33 patients who underwent imaging evaluations following
surgery, 18 (54.5%) patients had tumor size reductions of 30% or more. These responses
were observed regardless of MCPyV, PD-1 or tumor mutational burden statuses. Although
recurrence-free survival significantly correlated with complete pathologic and radiographic
response at the time of resection, median recurrence-free and overall survival were not
reached at the median follow-up of 20.3 months. It was positive that no patient with a
complete pathologic response had MCC relapse during the observation period.
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6. Conclusions

MCC, although uncommon compared to other skin malignancies, may have dire con-
sequences if timely intervention is not commenced due to rapid progression of the disease.
Clinicians should have greater awareness of this condition as a differential diagnosis when
patients present with skin lesions similar to the descriptions provided above, particularly
for kidney transplant recipients receiving long-term immunosuppression. All kidney trans-
plant recipients should be provided with advice to undertake primary measures as much
as possible in reducing the risk of developing MCC. There have been positive develop-
ments over the past decade in our understanding on the etiologies and pathophysiological
processes of MCC in kidney transplant recipients. Initiatives for a structured approach to
assess potential MCC manifestations improved our ability to detect disease at an earlier
stage, particularly for sub-clinical presentations. Better guidance on surgical management
and radiotherapy has improved patient outcomes over recent times, and the advancement
of immunotherapy options provided new dimensions on systemic treatment strategy in
metastatic MCC. Further evidence is still required to unravel the remaining uncertainties
surrounding our understanding of MCC and how to optimize its management, especially
in complex patients such as those receiving long-term suppression following kidney trans-
plantation where the risk versus benefits balance of treatment need to be meticulously
considered. Going forwards, greater multi-disciplinary collaboration is needed to enhance
research efforts in this area and improve patient outcomes within the clinical setting.
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