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SUMMARY
Malignant peritoneal mesothelioma (MPeM) is a 
rare malignancy with historically poor prognosis. 
Recent research has started to reveal increasingly 
prevalent genetic mutations seen in this malignancy. 
Here, we report a case of complete clinical remission 
of unresectable, metastatic MPeM with systemic 
chemotherapy. Immunohistochemistry of our patient’s 
malignant cytology sample showed loss of Breast Cancer 
Gene 1- associated protein- 1 expression (BAP1). The 
patient had synchronous diagnoses of primary squamous 
cell carcinoma of the anus, benign schwannoma and 
meningioma. Following the completion of 18 cycles 
of pemetrexed and bevacizumab, the patient has 
remained in clinical remission for 8 months. We examine 
the unusual susceptibility of unresectable MPeM to 
systemic chemotherapy and attribute susceptibility to the 
molecular milieu created by mutations in multiple DNA 
repair pathways. We encourage increased testing for and 
analysis of mutations in DNA repair pathways to improve 
future treatment outcomes in this rare malignancy.

BACKGROUND
Malignant peritoneal mesothelioma (MPeM) origi-
nates from serosal tissue lining the abdominal wall 
and is a rare malignancy with poor prognosis and 
treatment outcomes. While cytoreductive surgery 
and/or intraperitoneal chemotherapy improves 
survival for eligible patients, the overall survival 
after diagnosis is estimated to be 46% at 1 year 
and 20% at 5 years.1–3 Cure of MPeM is rare, with 
only sporadic case reports of complete remission 
following cytoreductive surgery or intraperitoneal 
chemotherapy.4 5 We present a case of complete 
clinical remission of unresectable, metastatic MPeM 
following systemic chemotherapy.

CASE PRESENTATION
The patient was a woman in her 60s with a remote 
history of meningioma and newly diagnosed squa-
mous cell carcinoma (SCC) of the anus who initially 
presented to the medical oncology clinic after 6–12 
months of rectal bleeding, weight loss, weakness and 
chronic constipation. Concurrently, she reported a 
6- to 9- month history of memory problems, poor 
taste and smell, imbalance and abulia (figure 1). 
These neurological symptoms were later discov-
ered to be from an 8 cm recurrent meningioma in 
the olfactory groove. She denied abdominal pain, 
abdominal fullness or ascites. Vital signs were within 
normal range. She ambulated with a wheelchair on 

her first office visit and had an Eastern Cooperative 
Oncology Group (ECOG) performance score of 2. 
The medical history consisted of bifrontal crani-
otomy and radiation for prior meningioma, chronic 
tinnitus and lower extremity neuropathy. She did 
not use tobacco, alcohol or illicit drugs. Her family 
history was positive for breast and colon cancer.

The patient experienced improvement in rectal 
bleeding, weight loss and chronic constipation 
following expeditious radiation therapy for SCC 
of the anus. However, 5 months after her initial 
presentation, the patient developed new symp-
toms of dyspnoea, palpitations and bilateral lower 
extremity oedema. Her symptoms began insidiously 
over a period of weeks but abruptly increased in 
severity prompting further medical workup.

INVESTIGATIONS
Initial skull- to- thigh positron emission tomography 
(PET)/CT showed avid fluorodeoxyglucose (FDG) 
uptake in the distal rectum consistent with known 
anal cancer, findings concerning metastases to the 
right external iliac node and an incidental non- 
specific FDG focus of the right lateral abdominal 
wall muscle (figure 2A,C). Subsequent biopsies 
determined the lesion of the right external iliac 
node to be a benign schwannoma and the lesion 
of the right lateral abdominal wall to be MPeM 
involving skeletal muscle and fibroadipose tissue. 
H&E staining of MPeM showed cords of epithe-
lioid and rhabdoid cells, with ample eosinophilic 
cytoplasm and inconspicuous nucleoli involving the 
fibrous tissue (figure 3A). Immunohistochemistry 
stains of MPeM showed tumour cells to be strongly 
positive for cytokeratin AE1/AE3, calretinin and 
Wilms’ tumor 1 (figure 3B–D) while negative for 
CDX- 2, GATA- 3, MOC- 31, carcinoembryonic 
antigen monoclonal, BER- EP4 and p40.

The patient experienced no obvious symptoms 
related to the incidental MPeM at the time of diag-
nosis. However, 5 months after, repeat imaging was 
performed for new onset dyspnoea which showed 
increased FDG uptake of the mesothelioma as well 
as a large pericardial effusion. Cytology and tumour 
cell immunohistochemistry of the pericardial fluid 
were consistent with previous MPeM biopsy find-
ings. Immunohistochemistry studies of the patient’s 
cytology sample revealed loss of Breast Cancer 
Gene 1- associated protein- 1 (BAP1) with the likely 
pathogenic variant BAP1 c.14G>A p.W5* VAF: 
52% chr3:g.52443881C>T (Tier 2C). Fluorescent 
in situ hybridisation showed retained CDKN2A and 
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NF2, all supporting the diagnosis of malignant mesothelioma 
metastatic from the peritoneum.

TREATMENT
The patient completed stereotactic body radiation therapy to 
the primary lesion at the time of MPeM diagnosis. Subsequent 
recurrence and metastatic spread resulted in hospital admis-
sion for management of infected pericardial effusion with 

pericardiocentesis and vancomycin. She was a poor surgical 
candidate for resection of MPeM due to metastatic presentation. 
Ultimately, the patient was stabilised and started on systemic 
pemetrexed and bevacizumab. The platinum agents included in 
the National Comprehensive Cancer Network’s (NCCN) MPeM 
treatment guidelines (cisplatin or carboplatin) were withheld 
given the patient’s history of longstanding tinnitus and lower 
extremity neuropathy.6 Pembrolizumab was considered but was 

Figure 1 Timeline of symptoms, diagnoses and treatments. MPeM, malignant peritoneal mesothelioma; NED, no evidence of disease; PET/CT, 
positron emission tomography/computed tomography; SCC, squamous cell carcinoma.

Figure 2 (A) Initial CT scan of abdominal wall showing invasion of mesothelioma into skeletal muscle and fibroadipose tissue. (B) CT scan of 
abdominal wall 6 months after completing chemotherapy showing resolution of mesothelioma. (C) Initial positron emission tomography (PET) scan 
of abdominal wall showing invasion of mesothelioma into skeletal muscle and fibroadipose tissue. (D) PET scan of abdominal wall 6 months after 
completing chemotherapy showing resolution of mesothelioma.
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not approved by the patient’s insurance. Over the course of 13 
months, the patient received 18 cycles of pemetrexed 500 mg/m2 
and bevacizumab 15 mg/kg every 3 weeks.

OUTCOME AND FOLLOW-UP
PET/CT scan performed after completing 18 cycles of peme-
trexed/bevacizumab showed no evidence of disease, and the 
patient remained asymptomatic. She remains on a treatment 
holiday for 8 months at the time of this report, with serial PET/
CTs (figure 2B,D) revealing no definitive evidence of disease 
progression or metastatic disease. Her ECOG status after 
completing treatment and at the time of this report was 0.

Additionally, the patient remains without disease recurrence 
for anal SCC and meningioma following definitive local thera-
pies. She has had two negative biopsies and rectal exams under 
anaesthesia for the SCC and continues with MRI surveillance 
after repeat resection and radiation for meningioma. No treat-
ment was administered for the benign schwannoma.

DISCUSSION
The current NCCN treatment guidelines for unresectable MPeM 
indicate the paucity of patients who achieve remission, with stip-
ulations for completing first- line systemic therapy followed by 
maintenance of bevacizumab until disease progression.6 Our 
patient achieved clinical and radiological remission with PET/
CT. While there are limitations with all imaging modalities in 
detecting peritoneal lesions,7 others have demonstrated 100% 
sensitivity and 82% accuracy in detecting MPeM with PET/
CT prior to treatment and during surveillance, respectively.8 

Another study specifically detected 12/14 patients with epithe-
lioid peritoneal mesothelioma with PET prior to subsequent 
laparotomy.9 These findings, in addition to serial negative PET/
CTs and symptom resolution, support the use of PET/CT to 
evaluate treatment response. With imaging limitations in mind, 
previous reports have only demonstrated remission in patients 
who were candidates for cytoreductive surgery and/or received 
intraperitoneal chemotherapy.4 5 These poor outcomes highlight 
the need to increase understanding of the underlying genetics 
and pathogenesis of MPeM to effectively treat the disease.

While MPeM shares the same histological subtypes (epithe-
lioid, sarcomatoid and biphasic/mixed) with the more prevalent 
and well- studied malignant pleural mesothelioma (MPM), it 
remains a distinct clinical entity characterised by younger age 
of onset, weaker association with asbestos exposure and equal 
prevalence in men and women. Furthermore, the pathogenesis 
of MPeM is likely unique from its pleural form, with differ-
ences in genetic alterations and a greater proportion of patients 
affected by germline mutations.10–12

One such genetic alteration with prognostic and diagnostic 
implications in all MM is the BAP1 tumour suppressor gene. 
Located on chromosome 3 (3p21.1), BAP1 is involved in a 
multitude of cellular processes including transcriptional regu-
lation, chromatin modulation and the DNA damage response 
pathway via homologous recombination repair (HRR) as well 
as the ubiquitin- proteasome pathway.13–15 Recurrent germline 
and somatic BAP1 mutations have been identified in all MM; 
however, germline mutations are more common in patients with 
peritoneal disease, multiple malignancies and a family history 

Figure 3 (A) H&E stain of mesothelioma showing cords of epithelioid and rhabdoid cells, with ample eosinophilic cytoplasm and inconspicuous 
nucleoli involving the fibrous tissue. (B) Immunohistochemical stain showing tumour cells to be strongly positive for cytokeratin AE1/AE3. (C) 
Immunohistochemical stain showing tumour cells to be strongly positive for calretinin. (D) Immunohistochemical stain showing tumour cells to be 
strongly positive for Wilms’ tumor 1.
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of mesothelioma, further supporting a molecular difference 
between MPeM and MPM.12 16

Several malignancies have been recognised along with meso-
thelioma as part of a disorder known as BAP1 tumour predis-
position syndrome (BAP1- TPDS). The most strongly associated 
malignancies include mesothelioma, uveal and cutaneous mela-
nomas, BAP1- inactivated melanocytic tumours and renal cell 
carcinoma.15 17 Recently published practice guidelines supported 
an additional association for meningioma, but do not classify it 
as a core tumour in this syndrome. At this time, it is less clear if 
cholangiocarcinoma, hepatocellular carcinoma or other cancers 
are part of BAP1- TPDS.17 Prior studies have shown improved 
prognosis in MM and associated malignancies in those with 
BAP1 mutations, but the mechanisms underlying this survival 
benefit are unclear.16 18

It is unknown if our patient had an underlying germline BAP1 
mutation and/or BAP1- TPDS. The prevalence of BAP1 germline 
pathogenic variants is rare in population studies, especially in 
patients without a personal or family history of other core BAP1- 
associated tumours.17 While it is theoretically possible to have a 
de novo germline BAP1 mutation wherein other family members 
are cancer- free, the incidence of this is low.17 19 Germline testing, 
therefore, should be performed judiciously. Our patient did not 
have a family history of BAP1- associated tumours, but genetic 
testing could have been appropriate because she had peritoneal 
disease, no known asbestos exposure and meningiomas—all 
features supporting the likelihood of additional genetic alter-
ations unique from sporadic or pleural forms of mesothelioma.12 
Germline next- generation sequencing was ordered, but ulti-
mately was not completed by the patient.

Apart from BAP1, patients with MM also harbour other 
germline mutations that disrupt DNA repair pathways and cause 
known cancer syndromes—mutations in BRCA genes, TP53, 
MLH1 and more have been reported.12 Somatic mutations of 
BAP1 are common as well, seen in over 60% of patients with 
MM.16 Knowledge of these additional genetic alterations and 
the high prevalence of BAP1 mutations emphasises the need for 
increased germline testing, systematic data collection and anal-
ysis of pathological variants in MM to guide future treatment.

The presence of additional genetic alterations in MM may also 
provide insight regarding the clinical remission of our patient. 
Pemetrexed is an antifolate agent that uniquely inhibits three or 
more enzymes required for DNA synthesis and folate metabo-
lism.20 It is part of first- line treatment for MM but not consid-
ered targeted therapy. However, the role of BAP1 in HRR, 
similar to BRCA1, offers a plausible rationale for the effec-
tiveness of targeted therapy in those with gene mutations. In 
breast and ovarian cancer, poly(ADP- ribose) polymerase inhib-
itors (PARPi) have proven to be effective in those with BRCA1 
mutations by impairing a major alternative DNA repair mech-
anism for tumour cells in patients who are already deficient 
in HRR. Targeted therapy against vascular endothelial growth 
factor (VEGF)—by bevacizumab in our patient—in combination 
with PARPi has also been investigated given the effect of VEGF 
inhibition on BRCA1 expression; inhibition induces hypoxia in 
the tumour microenvironment, downregulating the expression 
of BRCA1 and subsequently impairing HRR.21 Understanding 
of these targeted therapies in other cancers and observation of 
concomitant mutations in multiple DNA repair genes in MM 
have led to the investigation of PARPi in patients with MM and 
BAP1 mutations.

Preclinical studies have demonstrated synthetic lethality 
by markedly reducing replication in cell lines of MPM with 
PARPi.22 A phase two clinical trial of the PARPi rucaparib in 

BAP1- deficient or BRCA1- deficient MM showed disease control 
rate of 58% at 12 weeks.23 Another ongoing phase two clinical 
trial using the PARPi niraparib led to partial response or stable 
disease in 78% of patients with refractory metastatic tumours 
and BAP1 mutations.24

Due to the frequency of both somatic and germline mutations 
in MM, it is likely that other patients with unresectable MPeM 
treated with first- line therapy—pemetrexed, a platinum agent 
and bevacizumab—also harboured BAP1 mutations.6 Therefore, 
the unique, chemotherapy- induced remission with pemetrexed 
and bevacizumab in our patient can likely be attributed to other 
genetic alterations in addition to the loss of BAP1 expression—
perhaps additional mutations in BRCA1 or other DNA repair 
pathways. This conclusion is supported by the heterogeneity of 
findings from studies of PARPi in MM with BAP1 deletions. The 
preclinical study discussed above did show synthetic lethality 
of MPM cell lines, but this occurred regardless of BAP1 muta-
tion status.22 Moreover, a third phase two clinical trial studied 
the PARPi olaparib in MM patients with somatic and germline 
BAP1 mutations; when compared with those with wild- type 
BAP1, patients with germline mutations in this study actually 
had decreased overall survival and progression- free survival.25 
We believe that the incongruity between these studies and the 
clinical remission of our patient strongly suggests the interac-
tion of multiple genetic alterations in patients with MPeM and 
BAP1 mutations. We recommend the need for increased and 
systematic efforts to test patients with MPeM for germline and 
somatic mutations in DNA repair pathways to improve our 
understanding of how these mutations interact and respond to 
treatment.

Learning points

 ► Malignant peritoneal mesothelioma is a distinct clinical entity 
with unique molecular features.

 ► Consider other BAP1- TPDS tumours when evaluating a 
patient with mesothelioma.

 ► Consider genetic testing in patients who have a personal or 
family history of multiple, core BAP1- TPDS tumours—this 
may help inform future genotype- phenotype correlations.

 ► New targeted therapies against malignant mesothelioma are 
being investigated, including PARP inhibitors in those with 
BAP1 mutations.
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Case reports provide a valuable learning resource for the scientific community and 
can indicate areas of interest for future research. They should not be used in isolation 
to guide treatment choices or public health policy.
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