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Abstract Background: Merkel cell carcinoma (MCC) is a rare cutaneous malignancy of
neuroendocrine origin, with about 30 cases of brain metastasis (BM) reported in the literature.
Historically, the treatment of neurometastatic MCC has largely included chemotherapy and
radiotherapy. The aim was to investigate predictors of overall survival (OS) in neurometastatic
MCC.
Methods: In this retrospective study, we surveyed institutional databases and conducted a systematic review of the literature to identify cases reporting on management of distant MCC
BM. A pooled survival analysis was performed on the institutional and literature cases to
assess predictors of OS.
Results: Forty cases were included for analysis, describing operative [14] and non-operative [26]
management. Median time to central nervous system involvement was 17.0-mos (interquartile
range 10.5e26.5), and most patients had a single BM (62.5%). Management of intracranial disease included radiotherapy (82.5%), systemic therapy (59.5%) and surgical resection (35%).
Operative management was associated with a lower intracranial burden of disease (BoD), but
similar systemic BoD. Both neurosurgery (hazard ratio [HR] 0.18, 95% confidence interval
[CI]: 0.06e0.54, p Z 0.002), having RT (HR 0.37, 95% CI: 0.14:0.93, p Z 0.04) and having a single BM (extensive intracranial BoD: HR 2.51, 95% CI: 1.12e5.6, p Z 0.03) conferred an OS
benefit on risk-unadjusted analysis. Only, neurosurgical resection was an independent predictor
of OS (HR 0.12, 95% CI: 0.03e0.49, p Z 0.003), controlling for age, BoD and radiotherapy.
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Conclusions: Resection of MCC BM may confer a survival benefit given appropriate patient selection. Prospective investigation of multimodal management of neurometastatic MCC is warranted, especially given the promise of new immunotherapy agents in treating MCC.
ª 2018 Elsevier Ltd. All rights reserved.

1. Introduction
Merkel cell carcinoma (MCC), initially referred to as
trabecular or neuroendocrine carcinoma of the skin, is a
rare malignancy of neuroendocrine origin that was first
described by C. Toker in 1972 [1]. The estimated incidence of MCC is approximately 0.79 new cases per
100,000 people per year, with significant increases in
incidence over the past few decades [2,3]. Initial characterisation of the disease and its differentiation from
other carcinomas were difficult due to its varied
appearance on histology, but diagnosis has since become
more standardised with the use of cytokeratin-20 (CK20) immune-histochemical staining, which is likely
contributing to the observed increase in incidence [4,5].
MCC most commonly presents with a cutaneous
primary lesion [4]. In about 4% of cases, it presents as
metastatic disease in the absence of a primary lesion
[4,6]. The loco-regional management approach has
included wide local excision of the primary skin lesion,
followed by lymphadenectomy or sentinel lymph node
biopsy, and regional radiotherapy (RT) [7,8]. Though
recently falling out of favour, chemotherapy (CT)
alongside RT has historically been the predominant
approach in patients who develop metastatic disease [7].
Given the relative low incidence of this disease, there
have only been about 30 cases of MCC brain metastases
(BM) reported in the literature. There remains no
consensus regarding the benefit of neurosurgical resection. In this article, we report on predictors of survival
in patients with neurometastatic MCC based on 13 cases
treated at our institutions and cases previously reported
in the literature.
2. Methods
2.1. Patient identification
Brigham and Women’s Hospital (BWH) and Massachusetts General Hospital (MGH) institutional databases were queried for patients with MCC, who had
brain imaging of any modality (computed tomography
or magnetic resonance imaging [MRI]) in the electronic
medical record. To be included, patients needed to have
a pathologically proven diagnosis of MCC based on
pathology from the primary site, lymph node and/or
another distant metastasis. Radiology reports for brain
imaging of any modality were reviewed to identify

patients with brain lesions. MRI reports and/or images
were reviewed to assess number and location of BM.
Diagnosis of the lesion as an MCC BM was based on
pathologic confirmation in surgically treated patients
and the absence of other concurrent oncologic diagnoses with neurometastatic potential. Patient demographics and clinical course were extracted by chart
review under an intitutional review boardeapproved
protocol.
Patient age is represented as age at time of initial
MCC diagnosis. Patients with direct intracranial invasion from scalp primary MCC lesions, as opposed to
distant metastases, were excluded. Intracranial metastatic burden of disease (BoD) was analysed in a
dichotomous fashion, with patients categorised as having either a single BM or extensive burden (>1 BM and/
or leptomeningeal disease). Systemic BoD was treated
similarly with patients categorised as either having the
central nervous system (CNS) as the sole metastatic site
or extensive burden (non-draining lymph node involvement, solid organ and/or bone metastases).
2.2. Literature search
A systematic review of the literature was conducted
according to PRISMA guidelines (Supplemental Fig. 1).
Briefly, English-language studies describing a case(s) of
MCC BMs by distant metastatic spread and reporting
on treatment strategy and survival outcomes were
included. Reviews or editorial articles were excluded.
Abstract and title screening, as well as subsequent fulltext screening and data extraction were done by two
reviewers, and disagreements were resolved by discussion. Four non-operative cases from the literature did
not report the patients’ intracranial and systemic metastatic BoD; these were imputed as extensive burden for
the purpose of analysis.
2.3. Statistical analysis
Statistical analysis was conducted on R (version 3.4.0).
Student’s t-test and Pearson chi-squared statistic were
used to compare continuous and categorical variables,
respectively. A ManneWhitney test was used for nonparametric comparisons. A KaplaneMeier curve was
computed with a log-rank statistic. Cox-proportional
hazard regression was used to analyse survival outcomes
between the groups. Variables with a p < 0.25 on
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Table 1
Institutional case series.
Age/sex

Primary lesion

Systemic therapy
before CNS spreada

Systemic BoD at
time of CNS
spread

Time to
CNS spread
(mt)

BM location

Brain-directed
RT

Systemic
therapy
after CNS
spread

Survival
from CNS
spread (mt)

Non-operative

39F

Unk.

CT > TT > CT

LN, liver, spleen

16

WBRT

IT

2

74M

Parotid

LN

26

e

IT

6

81M
65M

Forehead
Unk.

CT þ RT > IT þ TT > CT
þ HT > CT þ IT
RT
CT

R Meckel’s cave,
cerebellum, L pons
L frontal

LN, ilium
e

24
11

R parietal, L temporal
Leptomeninges

SRS
WBRT

29
5

67M
70M
75M
76F
66F
59M
60F

Parotid
Scalp
Forehead
Breast
Unk.
Leg
Unk.

CT þ RT > CT
RT > CT þ RT > HT
CT þ RT
CT þ RT
CT
RT > CT
CT þ RT

LN
Liver
LN
e
LN, femur
LN, rib
LN

12
50
44
11
13
35
2

WBRT
WBRT
e
WBRT
SRS > WBRT
SRS > WBRT
WBRT

38
0.9
0.5
45
28
18
15

81F
81M

Leg
Chest

CT
RT

LN
e

21
24

R parietal
L frontal, leptomeninges
Cerebellum
R parietal
Cerebellum
Cerebellum
b
L parietal, L frontal,
R temporal, R occipital,
R frontal, R parietal,
cerebellum [2]
R frontal
L cingulate

e
Intrathecal
CT
e
e
e
e
IT > TT
e
IT

SRS
SRS

IT
IT

10
10

Operative

Survival in bold-type represents patients who were still alive at time of reporting.
CT Z chemotherapy, HT Z hormone therapy, ITZimmunotherapy, LN Z lymph node, mt Z month, RT Z radiotherapy, SRS Z stereotactic radiosurgery, TT Z targeted therapy,
Unk. Z unknown, WBRT Z whole-brain radiotherapy. “>” represents sequence of treatment progression, BM Z brain metastasis, BoD Z burden of disease, CNS Z central nervous system.
a
Radiotherapy (RT) here refers to RT directed at draining lymph nodes.
b
This patient underwent resection of two symptomatic metastases (L parietal and frontal), she had WBRT before surgery but no adjuvant RT.

M. Harary et al. / European Journal of Cancer 101 (2018) 152e159

Management
of BM

M. Harary et al. / European Journal of Cancer 101 (2018) 152e159

bivariate analysis and those associated with higher
likelihood of neurosurgical resection were included
in the multivariable analysis. A p-value <0.05 was
considered significant.
3. Results
3.1. Case series
A total of 193 unique patients were treated at BWH or
MGH between 2004 and 2017 for MCC and had brain
imaging of any modality. Screening of radiology reports
identified a total of 13 cases of MCC BM secondary to
distant metastatic spread (Table 1). In all but one patient, new neurological symptoms were the trigger for
brain imaging. In one patient, BM was detected incidentally in the setting of re-staging before enrolment in a
trial. In all patients in whom the primary lesion site was
known (i.e. did not present just with lymph node
involvement or distant metastases), wide local excision
was performed with sentinel lymph node biopsy when
indicated. Six of the patients had a history of other
malignancies, including squamous cell carcinoma of the
skin (n Z 2), basal cell carcinoma (n Z 4), melanoma in
situ (n Z 2), lung adenocarcinoma (n Z 1), prostate
carcinoma (n Z 1) and urothelial carcinoma (n Z 1).
One patient was immunosuppressed at time of MCC
diagnosis for a prior renal transplant.
Before CNS involvement, patients were treated with a
range of therapies including RT to draining lymph node,
systemic CT, immunotherapy, hormone therapy with
octreotide and/or targeted therapy agents. The most
commonly used CT regimen was carboplatin and etoposide combination therapy. Immunotherapy agents used
included pembrolizumab, avelumab and ipilimumab.
Targeted therapy agents included pazopanib, cabozantinib and other agents under clinical investigation.
In seven cases, the BM was managed operatively, and
the remaining six were treated non-operatively. Most
patients had brain-directed RT with either stereotactic
radiosurgery (SRS) and/or whole-brain radiotherapy
(WBRT), either in place of surgery or as adjuvant
therapy. New systemic therapy was initiated in seven
patients following CNS involvement and included
immunotherapy, and in one case, intrathecal CT.
3.2. Literature search
A systematic search of the literature resulted in 105
unique articles about MCC (Supplemental Fig. 1). Subsequent screening identified 23 included articles, published between 1983 and 2017 reporting on the treatment
and survival of a total of 27 patients with MCC BM due
to distant metastatic spread (Supplemental Table 1). In
all cases, where the primary lesion was known, a surgical
excision was performed. In all reports that described the
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patient’s clinical presentation leading up to the diagnosis
of CNS involvement (20/27), patients had new neurologic
symptoms to trigger brain imaging. In twenty cases, the
MCC BM were non-operatively managed with either
systemic or intrathecal CT, or brain-directed RT.
3.3. Baseline patient characteristics
A total of 40 cases were included in the pooled analysis
(Table 2). As mentioned, all patients with a known
primary lesion (n Z 26, 65%) were treated with a wide
surgical excision. Of these, only 57.7% received adjuvant
RT to the primary site and draining lymph nodes. A
majority of those patients presenting with nodal disease
in the absence of a primary lesion received RT to
involved lymph nodes (64.3%).
Median time from initial MCC diagnosis to CNS
involvement was 17.0 months (IQR 10.5e26.5). At time
of CNS involvement, most patients had extracranial
metastatic involvement (57.5%), including non-regional
lymph nodes, visceral organs and bone. Most patients
(62.5%) had a single BM at time of CNS involvement,
and 12.5% had leptomeningeal spread.

Table 2
Baseline patient characteristics (N Z 40).
Age at diagnosis, yr (mean  SD)
Sex, n female (%)
Location of primary, n (%)
Head and neck
Torso
Upper extremities
Lower extremities
Unknown
Chemotherapy before CNS spread, n (%)
Regional RT to primary site and/or
LN disease, n (%)
Time to CNS involvement, mts (median, IQR)
Systemic BoD, n (%)
Only CNS
Extensive
Intracranial BoD, n (%)
Single BM
Extensive
Resection of  1 BM, n (%)
Brain-directed RT, n (%)
None
SRS
WBRT
Systemic therapy after CNS spread, n (%)
None
Chemotherapy
Immunotherapy
Othera

65.1  10.1
11 (27.5)
12 (42.5)
4 (10.0)
2 (5.0)
3 (7.5)
14 (35.0)
23 (57.5)
24 (60.0)
17.0 (10.5e26.5)
17 (42.5)
23 (57.5)
25 (62.5)
15 (37.5)
14 (35.0)
7 (17.5)
12 (30.0)
26 (65.0)
15 (40.5)
11 (29.7)
6 (16.2)
7 (18.9)

BoD Z burden of disease, LN Z lymph node, RT Z radiotherapy,
SRS Z stereotactic radiosurgery, WBRT Z whole-brain radiation
therapy, CNS Z central nervous system, BM Z brain metastasis.
Some patients were treated with >1 RT or systemic treatment modality
after CNS spread.
a
“Other” includes intrathecal CT or intracavitary BCNU wafers
(Gliadel).
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3.4. Management of CNS disease

4. Discussion

Management of CNS disease included RT (82.5%),
systemic therapy (57.9%) and surgical resection (35%).
RT most commonly consisted of WBRT (68.4%). Of
patients receiving RT, 7 patients (22.6%) received both
SRS and WBRT in their treatment course. Surgical
resection of the BM was done in 14 cases (35%). Patients
undergoing neurosurgical resection were more likely to
be female (50% versus 15.4%, p Z 0.02) and have
limited intracranial BoD (i.e. a single BM, 92.9%
versus 46.2% p Z 0.004). The primary lesion in the nonoperative group most commonly localised to the head
and neck region (57.7%), whereas the patients in the
operative group were more likely to present with
advanced disease in the absence of a known primary
lesion (42.9%). These differences in location of the primary lesion were not significant.

Neurometastatic MCC is a rare manifestation of a
likewise uncommon malignancy. As such, there is a
dearth of high-quality evidence to guide treatment decisions. In comparison with the algorithmic management of stage IV metastatic melanoma, practice
guidelines for MCC patients with metastatic disease are
ambiguous, suggesting a multidisciplinary discussion
with consideration of surgical resection, RT and systemic therapy depending on the clinical status [9,10].
Distant dissemination of MCC occurs in 40e50% of
patients, of which an approximate 13% have CNS metastases [11e13]. Intracranial involvement may occur
either directly, via transcalvarial invasion of a primary
lesion on the head, or via distant metastatic spread. The
earliest report of MCC BM was reported on two patients in 1983 by Wick et al. [14]. Neither received braindirected therapy, and the one patient with full survival
information succumbed to the disease one month
following CNS involvement. The following reports integrated brain-directed RT, most commonly WBRT,
alongside systemic CT. It was only in 2001 when the first
surgical management of MCC BM was reported by
Ikawa et al. [15].

3.5. Predictors of overall survival
Bivariate analysis demonstrated that having a single
BM, as opposed to more extensive intracranial disease,
as well as undergoing surgical resection of BMs was
associated with improved overall survival (OS, Table 3).
Similarly, receiving any modality of brain-directed RT
was also associated with improved OS. Patient demographics, location of primary tumour and treatment
with systemic therapy were not predictive of OS. Median
OS in patients undergoing neurosurgical intervention
was 73 months (95% CI 31e115), while that of the nonoperative group was 25 months (95% CI 17e44), representing a statistically significant difference (p < 0.001,
Fig. 1). On multivariable analysis, only surgical resection was an independent predictor of OS (HR 0.12, 95%
CI 0.03e0.49, p Z 0.003), controlling for age, sex, systemic and intracranial BoD, prior therapy and therapy
following CNS involvement.

4.1. Impact of neurosurgery on OS
In this study, we performed a survival analysis in patients with MCC BM, pooling our institutional series
with prior cases reported in the literature. Resection of
MCC BM was an independent predictor of OS, controlling for age, BoD and adjuvant therapy. Though the
estimated 5-year survival rates for stage IV MCC is
around 14%, despite advanced stage, the median survival in the operatively managed BM patients reported
here was 73 months (95% CI 31e115) [16,17]. Extensive
intracranial burden was associated with shorter survival

Table 3
Predictors of survival in MCC BM patients.
Bivariate Cox regression

Surgical resection (ref non-op)
Age
Sex (ref male)
Location of primary
Head and neck
Torso
Upper extremities
Lower extremities
Unknown
Intracranial BoD (ref single BM)
Systemic BoD (ref only CNS)
Therapy before CNS involvement (ref none)
Systemic therapy after CNS involvement (ref none)
Brain-directed RT (ref none)

Multivariable Cox regression

HR

95% CI

p-value

HR

95% CI

p-value

0.18
1.00
0.62

0.06e0.54
0.96e1.03
0.25e1.54

0.002
0.86
0.30

0.12

0.03e0.49

0.003

2.02

0.66e6.20

0.22

Ref
0.68
0.36
0.00
0.99
2.51
1.69
0.77
1.52
0.37

0.15e3.03
0.04e3.05
NA
0.42e2.34
1.12e5.6
0.73e3.90
0.31e1.94
0.65e3.57
0.14e0.93

0.61
0.35
1
0.97
0.03
0.22
0.58
0.33
0.04

1.10
1.17

0.43e2.78
0.44e3.11

0.85
0.75

0.40

0.14e1.14

0.09

BM Z brain metastasis, BoD Z burden of disease, CNS Z central nervous system, RT Z radiotherapy, CI Z confidence interval, HR, hazard
ratio, MCC Z Merkel cell carcinoma. p-values in bold-type represent statistical significance (p<0.05).
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Fig. 1. Kaplan-Meier curve for operative versus non-operative management of brain metastasis. Error bands represent 95% confidence
interval.

on bivariate analysis, but not on multivariable analysis.
This is likely explained by the fact that intracranial BoD
is a key factor in patient selection for surgery. In other
words, there is likely an interaction between lower
intracranial burden and operative management, both of
which contribute to improved survival. In the reported
cohort, neuroimaging was primarily done in the setting
of new neurologic symptoms which may suggest a role
for CNS imaging in asymptomatic patients with stage
IV disease, similar to advanced melanoma, which may
allow for earlier intervention. Guidelines for BM management support surgical intervention in suitable patients on the basis of significant evidence of improved
local control and extended survival [18e23]. The results
of the present study suggest that these recommendations
may also be applicable in cases of neurometastatic
MCC.
4.2. Role of adjuvant therapy
There has been no prospective study to date examining
the efficacy of RT specifically in the management of
MCC BM. Nevertheless, there is evidence to suggest
that MCC is a radio-sensitive tumour, with several
studies demonstrating improved local recurrence and
OS for adjuvant RT following resection of the primary
lesion in stage IeIII MCC [24e28]. Iyer et al. [29] reported on the use of single-fraction RT for visceral,
lymph node, skin and bone MCC metastases and found
that 94% of metastatic foci showed some response, and

complete response was seen in 53% of foci. Nevertheless,
a survival benefit of RT in the management of stage IV
MCC is still under debate [16]. In our cohort, braindirected RT was not an independent predictor of OS.
It is important to note, however, that given sample size
limitations and the lack of detail regarding RT modality
in some literature reports, we were unable to analyse the
OS impact of SRS and WBRT individually. It is quite
possible that, similar to evidence seen in the treatment of
other BMs, SRS is superior to WBRT for MCC BM.
Operative patients were more likely to receive adjuvant SRS than the non-operative group. To an extent,
the receipt of WBRT as opposed to SRS is likely associated with intracranial disease burden. The control of
intracranial disease provided by BM resection may have
allowed for an avoidance of or delay in WBRT until
post-operative progression. This may protect patients
from the known cognitive sequelae of WBRT [30,31].
With regards to adjuvant systemic therapy, about half
of the cases in the literature received CT. Operative patients treated at our institutions received immunotherapy
and/or targeted therapy as a part of clinical investigation.
While used broadly in the included population, CT has
largely grown out of favour both due to disappointing
effects on OS and the associated drug toxicities
[7,29,32,33]. More recently, immunotherapy, specifically
inhibitors of the programmed cell death protein-1/
programmed cell death protein ligand-1 (PD-1/PDL-1)
pathway, has shown particular promise for the treatment
of advanced MCC [34,35]. Unfortunately, there were not
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enough patients in this study receiving immunotherapy to
evaluate the effect of this treatment modality on survival
in BM patients. While there are several ongoing trials
investigating the use of immunotherapy for advanced
MCC (NCT02267603, NCT03071406, NCT02584829,
NCT03304639), they largely exclude patients with active
CNS disease. Neurosurgical intervention and/or RT may
be appropriate in suitable patients to allow for intracranial disease control, potentially making these patients
trial candidates. It is important to note, however, that,
drawing a corollary from emerging evidence in the
treatment of advanced melanoma, radiation-induced
immunogenicity may increase rates of radio-necrosis in
patients receiving concurrent immunotherapy [36].
Further investigation of the safety and efficacy of combination therapy in intracranial disease control and OS in
neurometastatic MCC is warranted.
4.3. CNS involvement via direct spread
Though MCC most commonly invades the CNS by
distant spread via a haematogenous route, there have
been reports of direct CNS extension from a head primary lesion, where the tumour invades through the
calvarium, skull base or oral mucosa [37e40]. Barkdull
et al. [38] reported one case where there was a CNS
metastatic focus immediately below the overlying skin
lesion in the absence of overt skull involvement. The
authors proposed a mechanism involving spread along
small emissary veins that communicate with diploic
veins of the skull. Perineural spread has also been suggested [41]. Surgical intervention in cases of CNS
involvement via direct extension is inherently different
to cases of distant metastatic spread, and to our
knowledge, has not been reported in the literature.
4.4. Limitations
This study is limited by the constraints inherent to a
retrospective study design and the small sample size. The
cases used in the pooled analysis span a time period of
over 30 years and therefore represent large heterogeneity
in treatment regimens as the field’s understanding of this
pathology gradually developed. Nevertheless, this is the
first study to report on more than a handful of cases of
neurometastatic MCC and to investigate the predictors
of survival in neurometastatic MCC.
5. Conclusions
Neurosurgical resection was associated with a survival
benefit for patients with neurometastatic MCC in this
study. As always, oncologists and neurosurgeons need
to assess the appropriateness of surgical intervention in
context of the overall patient status and in accordance
with patients’ goals. Prospective studies are warranted,
especially to evaluate the benefit of combination therapy

with surgery, adjuvant RT and/or immunotherapy in
MCC patients with neurometastatic disease.
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