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 Patient: Male, 68
 Final Diagnosis: Mesothelioma
 Symptoms: Dyspnea
 Medication: —
 Clinical Procedure: —
 Specialty: Pulmonology

 Objective: Rare disease
 Background: Malignant pleural mesothelioma (MPM) is a highly lethal cancer with a median survival of ~12 months even 

with aggressive intervention. Frontline therapy relies on systemic cisplatin and pemetrexed chemotherapy and 
has a response rate of ~35–41%; currently, there are no US Food and Drug Administration approved second-
line therapies for MPM. Herein, we present a patient with MPM who experienced rapid disease progression 
after standard therapy but who had an exceptional and sustained response to immune checkpoint inhibition 
with single agent nivolumab.

 Case Report: A 68-year-old male with a history of work-related asbestos exposure was diagnosed with MPM. He was treat-
ed with primary resection followed by systemic chemotherapy with cisplatin and pemetrexed. When chemo-
therapy failed, he was switched to immunotherapy with nivolumab and achieved an exceptional response.

 Conclusions: We report the first case of a patient with MPM who experienced rapid disease progression after standard 
therapy but had an exceptional and sustained response to immune checkpoint inhibition with single agent 
nivolumab. As outcomes with traditional chemotherapy regimens remain disappointing, there is a substantial 
need for new approaches to MPM; our case highlights a new therapeutic opportunity even in the face of ag-
gressive disease. Indeed, a new era of investigation utilizing immunotherapy for mesothelioma is beginning, 
with much anticipation.
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Background

Malignant pleural mesothelioma (MPM) is a highly lethal can-
cer with a median survival of ~12 months even with aggres-
sive intervention. Frontline therapy relies on systemic cis-
platin and pemetrexed chemotherapy and has a response 
rate of ~35–41%; currently, there are no US Food and Drug 
Administration (FDA) approved second-line therapies for MPM. 
Immune checkpoint blockade is a relatively new treatment mo-
dality with promising outcomes in several forms of cancer, in-
cluding renal cell carcinoma, melanoma, non-small cell lung 
cancer, and ovarian cancer, and has shown promise in in vitro 
and early clinical trials with MPM. Herein, we present a case 
of a patient with MPM who experienced rapid disease pro-
gression after standard therapy but who had an exceptional 
and sustained response to immune checkpoint inhibition with 
single agent nivolumab.

Case Report

In November 2014, a 68-year-old male with a history of pre-
viously resected prostate cancer (T2N0M0) 9 years prior and 
work-related asbestos exposure 30 years prior to initial pre-
sentation underwent a chest computed tomography (CT) scan 
for acute dyspnea. He was found to have a pulmonary em-
bolism, moderate left-sided pleural effusion with mild thick-
ening, and enhancement of the left pleura. There was no en-
hancement or lesion identified in the right hemithorax at that 
time. A left-sided thoracentesis was performed from which cy-
tological analysis was inconclusive for the etiology. Two weeks 
later, a left mini thoracotomy was performed to obtain pleu-
ral biopsies, which showed poorly differentiated epithelioid 
type malignant mesothelioma. He subsequently underwent 
an extrapleural pneumonectomy and left hemidiaphragmat-
ic stripping with heated intraoperative cisplatin lavage of the 
left hemithorax; mediastinoscopy at that time was positive for 
2 out of 10 thoracic lymph nodes as well as 4 out of 4 sam-
pled left peribronchial lymph nodes. The maximal depth of pa-
rietal pleural invasion was 3 mm and his pathologic staging at 
that time was T3N2M0; he tolerated the procedure well and 
had a Karnofsky performance status of 90% postoperatively.

Nine weeks following pneumonectomy, he was started on ad-
juvant chemotherapy with cisplatin and pemetrexed, follow-
ing National Comprehensive Cancer Network guidelines. He 
received cisplatin and pemetrexed every 3 weeks for 6 cycles 
before switching to maintenance therapy with pemetrexed 
monotherapy every 3 weeks. The patient completed 3 cycles 
of maintenance pemetrexed before developing anasarca from 
capillary leak syndrome 10 months after his pneumonectomy. 
A staging CT scan demonstrated a local recurrence of multifo-
cal nodular disease in the left hemithorax (Figure 1) as well as 

the accumulation of a large right pleural effusion and a new 
nodular density in the middle lobe of the right lung. He un-
derwent a right hemithorax thoracentesis, which confirmed 
progression of MPM.

His disease progressed rapidly, and he became significant-
ly debilitated requiring continuous supplemental oxygen. His 
Karnofsky performance status was 50% at that time. Given his 
deconditioned state, low response rate, and the side effect pro-
file of second-line therapy with combination gemcitabine and 
vinorelbine, the decision was made to pursue immunotherapy 
based on the results of immunohistochemical and tumor mo-
lecular profiling, which demonstrated 1% tumor cell staining 
for PD-1 receptor at a 2+ intensity score, 10% elevated PDL-1 
staining on tumor infiltrating T-cells, and a high tumor muta-
tional burden with 13 mutations per megabase. Based on these 
results, he was treated with nivolumab 3 mg/kg infusions ev-
ery 2 weeks through a compassionate access support program.

Five weeks following the initiation of nivolumab, the patient 
experienced a substantial clinical improvement with resolution 
of his dyspnea and cough, and a return to a Karnofsky perfor-
mance status of 80%. Within 8 weeks of initiating nivolum-
ab, he was independent of oxygen supplementation, and was 
able to return to work with a Karnofsky performance status of 
90% at 4 months of nivolumab therapy. In addition to his clin-
ical improvement, dramatic radiographic improvements were 
also observed with resolution of radiographic evidence of dis-
ease on chest CT scan 6 months after starting immunothera-
py (Figure 2) with confirmation by positron emission tomog-
raphy (PET) imaging at 9 months (Figure 3). Whilst the patient 
enjoyed a significant improvement in his disease, he did de-
velop mild hypothyroidism requiring low dose levothyroxine 
supplementation as well as a low-grade elevation of his serum 
lipase, but no evidence of hepatitis or pancreatitis could be 
found and required no intervention. At the time of this writ-
ing, the patient has been maintained on 3 mg/kg nivolumab 
infusions every other week; he is free of clinically or radiolog-
ically apparent disease and he remains active and well more 
than 24 months after malignant disease was diagnosed.

Discussion

Malignant pleural mesothelioma (MPM) is a rare, highly le-
thal form of cancer with an association to asbestos exposure 
arising from malignant transformation of pleural mesothelio-
ma tumors. Pleural mesothelioma has a latency period of ap-
proximately 30 to 40 years, and even as long as 60 years, for 
tumor development, with an unpredictable time to malignant 
transformation to MPM. Despite legislative interventions be-
ginning in the 1970s to curtail asbestos exposure, its manu-
facture and use is still commonplace in the developing world 
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with an estimated 125 million people still exposed in the work-
place globally, and the incidence of mesothelioma is project-
ed to continue increasing for the next decade according to the 
World Health Organization [1].

Malignant transformation to MPM carries a very poor progno-
sis with a median survival time after MPM diagnosis of ~345 
days [2]. Treatment options remain limited with unclear sur-
gical benefits and the most recent systemic therapy recom-
mendations are informed by the 2003 EMPHACIS trial [3,4]. 
Current management relies on surgical resection and radiother-
apy in addition to a foundation of systemic therapy. Frontline 
chemotherapy utilizes a combination of cisplatin and peme-
trexed, which has a medial overall survival of approximately 
12 months and provides a median time to progression of dis-
ease of 5.7 months [4,5]; response rates to frontline therapy 
are only 35–41% [5]. Presently, there are no FDA-approved sec-
ond-line treatments available in the event of failure with cispl-
atin-pemetrexed. Salvage therapy with a combination of gem-
citabine and vinorelbine is often attempted but has a response 

rate of ~10% with 2.2 months of progression free survival, and 
overall survival of 10.9 months after diagnosis [6].

Anti-angiogenic immunotherapy has recently been attempt-
ed as both a combination and an adjuvant therapy to stan-
dard cisplatin-pemetrexed based regimens with mixed suc-
cess. Early studies with epidermal growth factor receptor 
(EGFR) inhibitors, such as erlotinib and gefitinib, were unsuc-
cessful despite evidence of EGFR overexpression in MPM and 
an established direct interaction between asbestos fibers and 
the EGFR receptor leading to upregulated EGFR mRNA and 
protein expression [7–9]. Despite these failures, other EGFR 
targeting therapies, such as cetuximab in combination with 
cisplatin-pemetrexed, are still currently under investigation 
(NCT00996567). Immunotherapies with anti-angiogenic mech-
anisms, particularly against the vascular-derived endotheli-
al growth factor (VEGFR), are also under investigation due to 
promising results from preclinical survival data in mice [10,11]. 
These results have already been realized clinically in the 
phase III MAPS trial of bevacizumab, wherein the addition of 

Figure 1.  Computed tomography scan demonstrating multifocal 
recurrence of disease in the left hemithorax occurring 
after undergoing left pneumonectomy and 10 months 
of cisplatin-pemetrexed chemotherapy.

Figure 2.  Computed tomography scan demonstrating 
complete resolution of recurrent disease in the left 
hemithorax after undergoing 6 months of nivolumab 
immunotherapy.
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bevacizumab to a regimen of cisplatin-pemetrexed improved 
overall survival by an average of 2.7 months compared to stan-
dard cisplatin-pemetrexed therapy alone [12]. The MAPS trial 
results were complicated, however, by a significant increase 
in thrombotic events or development of severe hypertension 
in the bevacizumab arm compared to the standard therapy 
arm (24% vs. 6%, respectively) which has significant implica-
tions for patient selection [12]. Other immunotherapy targets 
have been investigated, some of which target other aspects 
of MPM biology such as anti-mesothelin, anti-CD13, anti-FAK, 
and others have achieved mixed pre-clinical successes [13].

More recently, immune checkpoint blockade has emerged as a 
substantial therapeutic advance and opens for consideration 
new classes of immunotherapies that unmask tumor cells 
from immune evasion. Specifically, the cytotoxic T-lymphocyte-
associated protein-4 (CTLA-4), programmed death-1 (PD-1), 
and programmed death-1 ligands are receptors which many 
tumor types employ to evade detection through autoimmu-
nity. CTLA-4 is an immunosuppressive receptor expressed on 
CD4+ lymphocytes, antigen presenting cells, and granulocytes 
in lymphoid tissues which prevents the activation and ampli-
fication of T-lymphocytes against self-antigens [14]. The PD-1 
receptor is downstream from the CTLA-4 receptor immune cas-
cade which directly inhibits effector T-cell functions to further 

Figure 3.  Positron emission tomography 
scan demonstrating absence of 
hypermetabolic activity after 9 
months of nivolumab immunotherapy 
suggestive of complete remission of 
disease.
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downregulate immune responses. PD-1 receptors are primar-
ily expressed on activated T and B lymphocytes, natural killer 
cells, monocytes, and tumor-infiltrating lymphocytes [15]. PD-1 
receptors bind to immunosuppressive PD-1 ligands (PDL-1) lo-
cated on the surface of leukocytes, and in some cases tumor 
cells themselves, which further serves to directly prevent im-
mune activation resulting in sustained T-cell anergy and an 
immunosuppressive tumor microenvironment [16]. Antibody 
mediated blockade of either the PD-1 or PD-L1 receptor pre-
vents T-cell anergy and leads to T-cell activation.

The first studies in MPM checkpoint blockade used anti-CTLA-4 
antibodies were based on in vitro and in vivo murine MPM evi-
dence demonstrating substantial tumor growth inhibition and 
greater tumor T-lymphocyte infiltration, especially when used 
in combination with cisplatin [17]. CTLA-4 blockade also re-
sulted in long-term immunologic memory with 90% of mice 
that achieved complete tumor rejection remaining complete-
ly resistant to relapse following re-inoculation with tumor 
cells [18]. Clinical trials in MPM with CTLA-4 inhibition using 
tremelimumab were initially promising but ultimately failed 
in phase IIb trials to improve overall survival in MPM patients 
who failed cisplatin-pemetrexed therapy [19]. Despite this set-
back, CTLA-4 inhibitors are still under study in combination with 
other checkpoint inhibitors, namely the PD-L1 receptor anti-
bodies nivolumab (MAPS-2 trial, NCT02716272) or durvalum-
ab (NCT02588131) with the former already showing promis-
ing preliminary results [20].

Checkpoint inhibition in MPM has remained an area of intense 
interest due to the overall weight of preclinical data, their util-
ity in other highly aggressive malignancies, the many thera-
peutic targets within the immune cascade, and the repeated 
implication of checkpoint inhibition in MPM pathophysiology. 
Downstream from CTLA-4, PD-L1 is often overexpressed in 
MPM and the magnitude of its expression has been inverse-
ly correlated with histological anti-tumor immune respons-
es [21,22]. Higher expression of PD-L1 has also been correlat-
ed with shorter patient survival times [21,23]. It is important 
to note that PD-1 or PD-L1 expression does not always corre-
late to a clinical response with immune checkpoint blockade. 
This phenomenon may be in part due to the more complex ac-
tivity of PD-L1 inhibition via co-inhibition with a second inhib-
itory receptor, PD-L2, and the use of a battery of tumor mark-
ers, which predate newer prognostic tools that further stratify 
PD-1/PD-L1 positive MPM tumors [24,25]. The picture is also 
complicated by a lack of consensus guidelines for histological 
assessment of PD-1 or PD-L1 expression; cutoff points for posi-
tive results are not well defined and values used as “increased” 
have ranged from 1% to 50% [13,23,26]. These uncertainties 
notwithstanding, blockade of either PD-1 or PD-L1 receptor 
has already shown promising results in inducing lasting clin-
ical response and prolonged stability of disease in advanced 

malignancies, such as renal cancer, melanoma, non-small cell 
lung cancer, and ovarian cancer even after failure of their re-
spective frontline systemic therapies [27–29].

Additional biomarkers are currently under investigation 
to predict successful response to PD-1 receptor blockade. 
Microsatellite instability (MSI) and tumor mutational burden 
(TMB) have recently been identified by Le and colleagues as 
contributors to immune checkpoint responses within the micro-
environment of colon cancer tumors [25]. Tumors with a high 
helper T-cell and cytotoxic T-cell infiltration have been correlat-
ed with defects in tumor DNA mismatch repair. Defective mis-
match repair results in increased micro-mutations which give 
rise to neo-antigens that, although leading to increased T-cell 
recruitment, result in increased tumor PD-L1 expression. Thus, 
increased MSI and TMB results in overall PD-1/PDL1 mediated 
tumor cell survival despite elevated T-cell tumor invasion [16]. 
The impact of MSI and TMB on response to checkpoint block-
ade has been evaluated in a sample of 41 colorectal cancer 
patients with and without mismatch repair defects leading to 
MSI and increased TMB, who were treated with PD-1 check-
point blockade using pembrolizumab [25]. Positive respons-
es to checkpoint blockade were observed with defective mis-
match repair, increased MSI, and elevated TMB, resulting in 
longer progression-free survival compared to tumors with in-
tact mismatch repair mechanisms without an elevated MSI or 
TMB (78% vs. 40%, respectively). Additionally, an increase in 
overall survival of 2.2 months was achieved in patients with 
elevated MSI and TMB treated with PD-1 blockade. These re-
sults have helped to improve the understanding of the mixed 
record of PD-1 blockade response and also to establish the 
utility of MSI and TMB as promising predictive markers for re-
sponse to PD-1 blockade; further investigation in this regard is 
presently underway, however, this remains an area for further 
clarification, particularly in the case of MPM [30]. At the time 
of this writing, pembrolizumab is not an established therapy 
in MPM, however, a phase II trial is currently in recruitment 
(NCT02399371); it is important to note that MSI and TMB are 
not listed as outcome measures in this study and pose inter-
esting questions for further studies.

The promising results from checkpoint blockade in other tu-
mors have prompted further study with nivolumab and oth-
er PD-1 targeting immunotherapies. As with pembrolizumab, 
nivolumab is another PD-1 receptor blocking antibody which 
activates T-cells through check point blockade; it was first stud-
ied in advanced solid (non-MPM) tumors (NCT00441337) and 
has been associated with success in cancers with a strong mu-
tational component [31]. Indeed, nivolumab has already been 
approved for use in melanoma, non-small cell lung cancer, and 
renal cell carcinoma and, more recently, has demonstrated im-
proved outcomes in recurrent, cisplatin-resistant small cell lung 
cancer in the CheckMate-032 clinical trial [32]. PD-1 inhibitors 
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such as nivolumab and pembrolizumab have a hypothetical, 
although not yet definitively proven, advantage over more 
upstream checkpoint blockade with anti-CTLA-4 antibodies in 
that PD-1 blockade activity occurs on peripheral T-cells and tu-
mor infiltrating T-cells (TIL) compared to the more central, i.e., 
lymph node, action of CTLA-4 blockade [29]. Although a clear 
association with improved survival has not yet been defini-
tively established, increased infiltration of MPM tumors with 
TILs have been widely reported and have been correlated with 
improved survival in some studies [33,34]. Despite the grow-
ing body of preclinical data supporting PD-1 blockade in MPM 
and the analogous mechanism to other PD-1 inhibitors, clini-
cal trials with nivolumab are only now in the beginning phas-
es (NCT02497508, NCT02716272).

Presently, there are no FDA-approved second-line therapies for 
MPM. Vinorelbine with gemcitabine is typically used as sal-
vage therapy after failure of cisplatin-pemetrexed based ther-
apy, but response rates are low (~10%) and have a treatment 
limiting side effect profile for many patients [6]. Our patient 
experienced aggressive disease progression after chemother-
apy with cisplatin-pemetrexed and had a rapid, early decline 
which was likely to be life-threatening within a few weeks. After 
failure of cisplatin-pemetrexed, his case was reviewed before 
an institutional tumor board where treatment decisions were 
guided by the unlikely utility of vinorelbine and gemcitabine 
given the advanced state of his disease. His tumor profile was 
reviewed and the potential for immunotherapy was discussed. 
Bevacizumab was considered based on early reports available 
at the time suggesting activity in MPM, but this therapy was 
ruled out due to risk given his previous history of pulmonary 
embolism coupled with presence of only one remaining lung 
following pneumonectomy. Given the recent successes of check-
point blockade with PD-1 inhibitors in other aggressive can-
cers such as melanoma, PD-1 targeted checkpoint blockade 
was put forth based on the results of his tumor molecular pro-
file which demonstrated elevated PD-1, PD-L1, and TMB and 
the body of pre-clinical evidence supporting checkpoint block-
ade in MPM. Based on these factors, nivolumab was initiated 

through a compassionate access protocol; pembrolizumab was 
materially unavailable in our clinic at the time.

Our patient’s clinical response to nivolumab was rapid and 
accompanied by the wholly unexpected resolution of radio-
graphically apparent disease. Despite initial indications of de-
mise well before the median 12.-month survival, our patient 
remains well more than 36 months after diagnosis.

Conclusions

The arrival of immunotherapy, and specifically checkpoint 
blockade, to cancer treatment has brought renewed optimism 
and hope for diseases where treatments and cures have re-
mained elusive. There remains a substantial need for alterna-
tive approaches to MPM therapy as outcomes with tradition-
al chemotherapy regimens remain disappointing at best, with 
high failure rates and significant side effect profiles. Here, we 
report a case of a patient with MPM who experienced rapid 
disease progression after standard chemotherapy but had an 
exceptional and sustained response to immune checkpoint in-
hibition with single agent nivolumab. Based on the response 
achieved in our patient and the growing body of pre-clinical in 
vitro studies, nivolumab may have promise as a future thera-
py in MPM, although further study in this regard is needed. As 
our patient’s case highlights, a new era of investigation and 
hope for checkpoint immunotherapy for metastatic mesothe-
lioma is beginning with much anticipation indeed.
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