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Abstract

Rationale: The incidence and patterns of metastatic disease to the
central nervous system (CNS) from malignant mesothelioma are
not well characterized.

Objectives: We describe the treatment of two cases of pleural
mesothelioma with CNS metastases. We also report the results of
a systematic review with pooled data analysis of CNS metastases
from malignant mesothelioma.

Methods: PubMed, Scopus, EMBASE, and Web of Science were
searched to identify relevant published studies. Inclusion criteria for
the pooled analysis were any clinical or autopsy study in which
patients had a confirmed histological diagnosis of malignant
mesothelioma and CNS metastasis was identified by autopsy, clinical
pathological specimen, or compelling radiographic imaging. Case
reports were excluded from the pooled analysis but were incorporated
into the discussion. One hundred forty-one potentially relevant

references were identified. Seven studies including 655 patients were
included in the pooled analysis. Ninety-seven additional cases were
identified and incorporated into the discussion. A systematic review of
the literature is provided with pooled data analysis.

Measurements and Main Results: CNS involvement of
malignant mesothelioma may occur by hematogenous spread or by
local extension. Some cases may represent tumor dedifferentiation
to a more aggressive histologic subtype. Surgery or stereotactic
therapies may play a role for select patients; however, rapid
recurrence has been reported.

Conclusions: The prognostic significance of CNS disease is not
well characterized. Clinicians should consider and identify CNS
involvement in patients with new or evolving neurologic symptoms
because early identification may allow for palliative intervention.
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Mesothelioma is a locally invasive tumor
that progresses via local invasion or
extension. Distant hematogenous
metastasis may occur; however, metastasis
to the central nervous system (CNS)
has traditionally been thought to be
rare. We herein present two cases of
malignant mesothelioma with metastases
to the brain and offer a systematic
review and pooled analysis of the literature
of the CNS manifestations of malignant
mesothelioma.

Cases

Patient 1
A 60-year-old man was diagnosed with
pleural malignant mesothelioma
(malignant mesothelioma) of the
epithelioid histologic subtype in June 2010.
He was treated with six cycles of
pemetrexed and cisplatin from July to
November 2010. His disease progressed
through this regimen, and he was
subsequently treated with four cycles of

vinorelbine from January to April 2011,
three cycles of gemcitabine from May to
July 2011, two cycles of paclitaxel in August
2011, and two cycles of carboplatin from
October to December 2011. Despite
treatment, his disease continued to
progress, prompting evaluation at the
National Institutes of Health in March
2012, where he was enrolled and treated as
part of a phase I clinical trial.

The patient received three cycles of
therapy, but restaging in July 2012 showed
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disease progression. At that time his
symptoms were right chest pain and mild
dyspnea on exertion, which were stable. He
also reported mild residual bilateral lower
extremity paresthesias related to prior
chemotherapy treatments. He was
withdrawn from the study and subsequently
treated as part of another phase I clinical
trial.

In late August 2012, the patient noted
weakness of his left arm and leg. He
presented to a local emergency department,
and MRI of the brain demonstrated three
discrete enhancing masses in the right
cerebral hemisphere with surrounding
vasogenic edema. Figures 1A and 1B are
T1-weighted axial MRI images depicting
two of the masses. He underwent biopsy of
the right posterior temporal lobe followed

by treatment with dexamethasone and
palliative whole brain radiation therapy in
September 2012. Whereas the original
pleural tumor biopsy revealed
tubulopapillary epitheliod subtype on
hematoxylin and eosin (H&E) stain
(Figure 1C) with cell surface staining for
mesothelin (Figure 1D), H&E staining of
the right temporal brain lesion revealed
a dedifferentiation to the sarcomatoid
subtype (Figure 1E) with loss of cell surface
staining for mesothelin (Figure 1F). The
brain lesion also stained positive for
calretinin and keratin-7 but was negative
for CK5/6, isocitrate dehydrogenase 1,
epithelial membrane antigen, glial fibrillary
acidic protein, and WT-1.

The brain lesions did not respond to the
systemic corticosteroid and radiation (3,500

cGy) therapies. The patient decided to forgo
further therapy, pursued hospice care, and
died in January 2013.

Patient 2
A 59-year-old man was diagnosed with
right-sided pleural malignant mesothelioma
of epithelioid histologic subtype in
September 2008. In November 2008, he
commenced three cycles of pemetrexed and
cisplatin; his disease progressed on this
regimen, and he was referred to the National
Cancer Institute in March 2009 for
investigational therapy. His chief
complaints were exertional dyspnea and
right chest wall pain; he had no symptoms
referable to CNS involvement. A protocol
eligibility brain MRI demonstrated a single
3- to 4-mm enhancing lesion in the right
precentral gyrus near the midline with
a small amount of vasogenic edema but no
mass effect (Figure 2A).

The patient underwent Stealth MRI
and resection of the lesion in March 2009.
Postoperative MRI showed total excision of
the small tumor in the right motor strip. A
repeat MRI performed 6 weeks after surgery
showed a new 5-mm enhancing lesion in
the left frontal white matter/superior aspect
of the basal ganglia (depicted in the MRI
axial FLAIR image in Figure 2B) consistent
with a new metastatic lesion. H&E stain
from the resection of the first brain lesion
revealed findings consistent with solid
epithelioid malignant mesothelioma
(Figure 2C). Tumor cells stained positive
for calretinin (Figure 2D), surface
mesothelin (Figure 2E), keratin-8, CAM5.2,
CK5/6 (focally), and WT-1 (focally) but
stained negative for carcinoembryonic
antigen (polyclonal and monoclonal),
human mesothelial cell membrane antigen,
and epithelial membrane antigen.

Methods

A systematic search was performed to
capture published and unpublished studies
and case reports of malignant mesothelioma
involving CNS structures. PubMed, Scopus,
EMBASE, and Web of Science were
searched to identify relevant published
studies. The search strategies were adapted
to accommodate the unique searching
features of each database, including
database-specific MESH- and EMTREE-
controlled vocabulary terms. Searches were
not limited by date, language, or publication

Figure 1. (A and B) T1-weighted axial MRI images depicting two of the brain metastases (arrows).
Tissue from the original pleural tumor biopsy revealed tubulopapillary epitheliod mesothelioma on
hematoxylin-and-eosin (H&E) stain (C ) with cell surface staining for mesothelin (D). H&E staining of the
right temporal brain lesion revealed dedifferentiation to sarcomatoid histology (E ) with loss of cell
surface staining for mesothelin (F).
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status. The detailed search strategy is
summarized in Appendix E1 in the online
supplement. The cited and citing references
of selected studies were also searched for
additional relevant material. To minimize
publication bias, relevant unpublished
studies were identified by searching the
Australian and New Zealand Clinical Trials
Registry, World Health Organization
International Clinical Trials Registry
Platform, Cochrane Library, ClinicalTrials.
gov, Current Controlled Trials, and Google.

Inclusion criteria were any clinical
or autopsy study or report in which patient(s)
had a confirmed histological diagnosis
of malignant mesothelioma and CNS
metastasis was identified by autopsy, clinical
pathological specimen, or compelling

radiographic imaging. Exclusion criteria for
the pooled analysis were preclinical
studies and case reports. Clinical and
methodological diversity precluded
combining these studies in a metaanalysis.

Results

The search strategy (Appendix E1)
identified 141 potentially relevant
references. The data from seven autopsy
studies were pooled (Table 1). Of the
included 655 patients, the prevalence of
intracranial (brain and meningeal)
metastases from malignant mesothelioma
was 2.7%. In addition to the seven autopsy
series and the two cases reported above, an

additional 97 reported cases of malignant
mesothelioma involving the CNS were
identified. Each autopsy series included
only persons with primary pleural
malignant mesothelioma. Three series
did report cases of peritoneal and
intraabdominal metastases; however, no
cases of intraabdominal metastases with
intracranial metastases were reported (1–4).
Twenty-eight cases were clinically or
radiographically suspected and confirmed
premortem (5–25). Forty-four cases were
clinically suspected but were either not
histologically confirmed (n = 26) (12, 14,
26–42) or were confirmed postmortem
(n = 18) (23, 37, 43–53). An additional case
was clinically suspected, but it was not
specified whether histologic confirmation
was pre- or postmortem (54). Additionally,
14 cases of unsuspected CNS disease were
incidentally noted on autopsy (55–61).

The majority of CNS metastases
identified from case reports (Table 2)
resulted from pleural or pericardial disease
(n = 77; 79%), with a small number from
tunica vaginalis testes (n = 3; 3%).
Seventeen cases were not specified. No
cases of peritoneal primary disease
metastasizing to the CNS were identified.

All histologic subtypes have been
reported to metastasize to the CNS. Only 59
of the reported cases have specified the
histologic subtype of the primary tumor,
with the most common being sarcomatoid
(n = 31), followed by biphasic (n = 14) and
epithelioid (n = 14); 38 cases were not
specified. Of the cases that reported the
histologic subtype of the primary tumor
(n = 59), 35 cases reported the histologic
subtype of the metastatic lesion. Of the 35
cases that reported the histology on both
the primary tumor and CNS metastasis,
six cases displayed either less differentiated
(2) or dedifferentiated (i.e., sarcomatoid;
n = 4) subtypes (9, 62).

Discussion

Malignant mesothelioma is an aggressive
tumor of serosal surfaces most closely linked
to asbestos exposure, but ionizing radiation
exposure and genetics may also be
contributing risk factors (63, 64). The main
determinants of prognosis for patients with
malignant mesothelioma continue to be
clinical factors and tumor differentiation (65).
Tumor histology is the most important factor
that influences patient survival, with

Figure 2. (A) MRI axial FLAIR image demonstrating a single 3- to 4-mm enhancing lesion in the right
precentral gyrus near the midline (arrow). (B) MRI axial FLAIR image depicting the recurrent metastatic
mesothelioma lesion (arrow). Hematoxylin-and-eosin stain from the resection of the first brain
lesion revealed findings consistent with solid epithelioid malignant mesothelioma (C ). Metastatic
tumor cells stained positive for calretinin (D) and surface mesothelin (E ).
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nonepithelioid histologic subtype being
a negative prognostic indicator (65). Patients
with sarcomatoid histology have the worst
prognosis, and current therapies, such as

surgery or chemotherapy, offer little benefit
(66). Mesothelioma is most often a locally
invasive tumor that progresses via local
invasion or extension. Distant hematogenous

metastasis may occur; however, CNS
metastasis is thought to be rare.

The incidence of CNS metastasis from
malignant mesothelioma is not known.
When pooling the data from seven autopsy
studies consisting of 655 patients, the
prevalence of CNS (brain and meningeal)
metastases from malignant mesothelioma
was 2.7%; however, whether these lesions
significantly alter clinical course remains
unclear (1–4, 58, 67, 68). The clinical
features vary depending on the CNS
location involved, with the most commonly
involved regions being the cerebral cortex,
cerebellum, intracranial meninges, and
spinal cord. Involvement of the midbrain,
pons, or brainstem is less common.

Surgical resection, whole brain
radiation, stereotactic spinal cord radiation,
systemic corticosteroids, intrathecal or

Table 1. Prevalence of intracranial metastases from malignant mesothelioma in
autopsy studies

Reference Patients (n) Number with Brain or other
Intracranial Metastases

Adams, 1986 (58) 92 2 (2%)
Finn, 2012 (67) 318 9 (3%)
Hartman, 1996 (1) 106 4 (3.8%)
Hulks, 1989 (2) 40 1 (2.5%)*
Huncharek, 1987 (3) 42 1 (2.3%)
Schlienger, 1969 (68) 25 0
Whitwell, 1971 (4) 32 1 (3%)*
Total 655 18 (2.7%)

*Metastases to meninges.

Table 2. Role of histologic subtype in central nervous system metastasis of malignant mesothelioma

Primary
Tumor
Histology
(n)

Primary
Tumor

Location
(n)*

Diagnosis by
Radiologic and

Clinical
Parameters (n)

Premortem
Biopsy (n)

Postmortem
Biopsy (n)

CNS
Metastasis
Histology

(n)

Total Biopsy-
Confirmed

CNS Lesions
(n)

CNS
Histology

Differed from
Primary (n)

Reference

Epithelioid
(14)

Pleural (14) 4 7 3 E (3) 10 2 5, 8, 20, 21, 35,
41, 51, 54, 62,

70–73
S (2)

NS (5)
Biphasic
(14)

Pleural (12) 3 3 6 B (6) 9 2 6, 7, 9, 25, 26,
44, 47, 61, 74–

76
S (2)

NS (1)
NS (2) 2 NS (2) 2 — 1

Sarcomatoid
(31)

Pleural (28) 5 10 13 S (22) 23 — 10, 11, 16–19,
22, 24, 29, 30,
36, 43, 49, 50,
52, 53, 55, 56,
59, 60, 77–80

NS (1)
Tunica
Vaginalis
Testes (1)

1 — — 0 — 42

NS (2) 2 NS (2) 2 — 1
Not specified
(38)

Pleural (23) 14 — 9 NS (9) 9 — 13, 15, 23, 27,
28, 31, 34, 37–
39, 45, 48, 55,
75, 81, 82

Tunica
Vaginalis
Testes (2)

1 — 1 NS (1) 1 — 14

NS (13) 1 12 NS (12) 12 57, 58, 83–85
Total 97 29 20 48 E (3) 35 4

B (6)
S (26)

NS (33)

Definition of abbreviations: B = biphasic; CNS = central nervous system; E = epithelioid; NS = not specified; S = sarcomatoid.
*No cases of peritoneal mesothelioma with metastasis to the CNS were identified.
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systemic chemotherapy, and
immunotherapy have been reported as
treatment modalities with only rare cases of
therapeutic response (35). Similar to case 1,
the available literature suggests that 11%
of cases with CNS metastases may differ
histologically from the primary tumor
and may even represent histologic
dedifferentiation to a more aggressive
histologic subtype. Unique to case 2 in this
series is the fact that within 6 weeks of
resection a new and larger remote
metastasis was identified in the
contralateral cerebral hemisphere. The
recurrence of brain metastases within 5 to
7 months of surgical excision (62), or
after regression in response to systemic
chemotherapy, has been reported (35).

The prognosis of CNS mesothelioma is
poor. It generally represents a late finding,
and for cases diagnosed premortem survival
is commonly on the order of weeks to
months. Whereas brain metastases result

from hematogenous spread, disease
affecting the spinal cord most often arises
from direct tumor invasion through the
neural foramen. For patients who present
with surgically resectable disease and good
functional status, biopsy with surgical
resection may be useful to secure the
diagnosis. Cases of new primary CNS
malignancies (e.g., glioblastoma
multiforme) have been described in this
patient population (69). Although less
common than intrathoracic, chest wall,
intraperitoneal, and abdominal wall
metastasis, spread of malignant
mesothelioma to the CNS may be an
underappreciated yet important metastatic
pattern of malignant mesothelioma.

Conclusions

Malignant mesothelioma may metastasize
to the CNS via hematogenous spread or

local extension. Although the overall
incidence of CNS metastasis is unknown,
the incidence of intracranial metastasis is
nearly 3%. The absence of cases of primary
peritoneal malignant mesothelioma
metastasizing to the CNS may represent
selection bias; nonetheless, it is intriguing
and warrants formal investigation.
Roughly 11% of cases may represent
dedifferentiation of the primary tumor
to a more aggressive histologic subtype.
Surgery or stereotactic therapies may play
a role in select situations; however, rapid
recurrence has been reported. The prognostic
significance of CNS disease is not well
characterized. Clinicians should consider
and seek to identify CNS involvement in
patients with new or changing neurologic
symptoms because early identification may
allow for palliative intervention. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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