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Chapter

Immunocheckpoint Blockade in
Malignant Pleural Mesothelioma

Nobukazu Fujimoto

Abstract

Targeting immunocheckpoint with immunomodulatory monoclonal antibodies
has proven to be an effective antitumor strategy across a variety of cancers. The
immunosuppressive tumor microenvironment in malignant pleural mesothelioma
(MPM) has suggested that MPM might benefit from this kind of immunotherapy.
In recent years, immunocheckpoint inhibitors (ICIs) have shown encouraging
results for patients with MPM. Antibodies against programmed death 1 (PD-1)
and PD-ligand 1 (PD-L1) have demonstrated favorable response, progression-free
survival, and overall survival. The toxicity profiles were similar to those observed
with ICIs in other malignancies, like melanoma and non-small cell lung cancer, and
they appeared to be manageable. Nivolumab, an anti-PD-1 antibody, was approved
in Japan for advanced or metastatic MPM patients resistant or intolerant to other
chemotherapies. Important future issues include developing a combination therapy,
where ICIs are combined with other agents (including other ICIs), and developing
biomarkers for determining which patients might respond well and which might
experience unacceptable toxicities.
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1. Introduction

Malignant pleural mesothelioma (MPM) is a rare pleural malignancy that is
associated with asbestos exposure. Gemba et al. reported that more than 70%
of malignant mesothelioma cases in Japan were associated with occupational or
environmental asbestos exposure [1]. MPM is a highly aggressive neoplasm with a
poor prognosis; the median overall survival (OS) is only about 12 months. Systemic
chemotherapy with platinum plus pemetrexed is the recommended first-line
systemic therapy for advanced MPM [2]. Some clinical trials have examined the
efficacy of new agents to improve the results of the platinum/pemetrexed combina-
tion; however, no new agent has demonstrated significant clinical efficacy. Thus,
the pemetrexed/platinum combination remains the standard treatment.

Currently, there is no recommended treatment option for MPM after first-
line platinum/pemetrexed chemotherapy. Re-treatment with pemetrexed-based
chemotherapy is a reasonable option for patients that achieved durable disease
control with the first-line chemotherapy [3]. Other treatment options of salvage
chemotherapy include vinorelbine and gemcitabine; however, the median OS with
these agents only ranges from 5 to 10 months [4, 5]. Other experimental agents,
such as angiogenesis inhibitors [6] or tyrosine kinase inhibitors [7], have not
demonstrated efficacy.
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Targeting immunocheckpoint with immunomodulatory monoclonal antibodies
was shown to be an effective antitumor strategy across a variety of cancers [8]. The
immunosuppressive tumor microenvironment in MPM has suggested that MPM
might benefit from this kind of immunotherapy [9, 10]. In fact, in recent years,
immunocheckpoint inhibitors (ICIs) have shown some encouraging results for
patients with MPM.

In this chapter, we review recent clinical findings on several ICls, including
anti-cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) antibody, anti-
programmed death 1 (PD-1) antibody, and anti-PD-ligand 1 (PD-L1) antibody, for
treating patients with MPM.

2. Anti-CTLA-4 antibody

Anti-CTLA-4 antibody was the first ICI described for treating MPM. Phase II stud-
ies demonstrated that tremelimumab, a selective human monoclonal antibody against
CTLA-4, showed favorable activity as a second-line treatment for MPM [11, 12].
However, a double-blind study that compared tremelimumab to placebo in subjects
with previously treated, unresectable malignant mesothelioma (DETERMINE study)
failed to demonstrate differences in OS or progression-free survival (PFS) between the
treatment and placebo groups [13]. After that, anti-CTLA-4 antibodies were studied in
combination with an anti-PD-1 or anti-PD-L1 antibody.

3. Anti-PD-L1 antibody

Avelumab is a human IgG1 monoclonal antibody that targets PD-L1 [14]. A
phase 1b open-label study (JAVELIN solid tumor) was conducted in patients with
unresectable mesothelioma that progressed after platinum/pemetrexed treatment;
patients were enrolled at 25 sites in three countries [15]. Of 53 patients treated,
the objective response rate (RR) was 9% (95% confidence interval [95%CI]:
3.1-20.7%); one patient experienced a complete response, and four patients
experienced a partial response. Responses were durable (median, 15.2 months;
95%CI: 11.1 to non-estimable) and occurred in patients with PD-L1-positive
tumors (RR: 19%; 95%CI: 4.0-45.6) and PD-L1-negative tumors (RR: 7%; 95%CI:
0.9-24.3), based on a 5% or greater cutoff for PD-L1 expression. The median PFS
was 4.1 months (95%CI: 1.4-6.2), and the 12-month PFS rate was 17.4% (95%CI:
7.7-30.4). The median OS was 10.7 months (95%CI: 6.4-20.2).

4. Anti-PD-1 antibody
4.1 Pembrolizumab

A nonrandomized, phase Ib trial was conducted to test pembrolizumab in
patients with PD-1-positive MPM that had been treated previously. In the prelimi-
nary report, 20% of patients experienced an objective response, 72% experienced
disease control, and the median OS was 18 months (95%CI: 9.4 to non-estimable)
[16]. Then, a phase II trial assessed pembrolizumab activity in 65 unselected
patients with MPM [17]. The objective RR was 19% and the disease control rate was
66%. The median PFS was 4.5 months (95%CI: 2.3-6.2), and the median OS was
11.5 months (95%CI: 7.6-14).



Immunocheckpoint Blockade in Malignant Pleural Mesothelioma
DOI: http://dx.doi.org/10.5772/intechopen.89116

After those promising results, pembrolizumab was used off-label in Switzerland
and Australia [18]. A total of 93 patients (48 from Switzerland and 45 from
Australia) were treated. In those cohorts, the overall RR was 18%, the median PFS
was 3.1 months, and the median OS was 7.2 months. Among patients with the non-
epithelioid histological subtype, pembrolizumab treatment improved the objective
RR (24% vs. 16%; p = 0.54) and the median PFS (5.6 vs. 2.8 months; p = 0.02).

4.2 Nivolumab

Another anti-PD-1 antibody, nivolumab, was first tested in recurrent MPM in
the Netherlands [19]. In that single-center trial, patients with MPM received 3 mg/
kg intravenous nivolumab every 2 weeks. Of the 34 patients included, eight patients
(24%) displayed a partial response and another eight displayed stable disease,
which resulted in a disease control rate of 47%. Japanese investigators also evaluated
the efficacy and safety of nivolumab for advanced MPM in patients that were resis-
tant or intolerant to prior chemotherapy [20]. Thirty-four patients were enrolled,
and 10 patients (29.4%, 95%CI: 16.8-46.2) showed an objective response in a central
assessment. Objective RRs were 25.9, 66.7, and 25.0% for epithelioid, sarcomatous,
and biphasic histological subtypes, respectively (Figure 1). The median OS and PFS
were 17.3 and 6.1 months, respectively (Figure 2a and b). Based on these findings,
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Figure 1.

A waterfall plot of the MERIT study results, which demonstrates the maximum percentage changes compared
to baseline in target lesions of each patient, according to histological subtype (Ref. [20]).

—— All patients 100- .
——PD-Li<1% — Allpatients
== mPD-L1>1% ——PD-L1<1%

% — =PD-Li21%

Overall survival (%)
Progression-free survival (%)

Median 0S 17.3 months (95% CT, 11.5-NR) y . T t
HR 0.542 (95% CI, 0.208-1.415) rﬁd;a;gl;s;;gnzﬂ;fﬁfg;% 29-99) |—¢-

o T T T T T T T T T T 1 o
o 2 4 6 8 10 12 14 16 18 20 22 o 2 4 6 8
Months

(a) (b)

Figure 2.

Kaplan-Meier curves show survival for all patients and for patients grouped according to programmed death-
ligand 1 (PD-L1) expression in the MERIT study (Ref. [20]). (a) Overall survival (OS); (b) progression-free

survival (PFS). HRs compare the PD-L1 > 1% group to the <1% group. CI, confidence interval; HR, hazard
ratio; NR, not reached.
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nivolumab was approved in Japan for patients with advanced or metastatic MPM
that are resistant or intolerant to previous chemotherapy.

Although the effect requires confirmation in larger clinical trials, nivolumab and
pembrolizumab might offer hope for patients with MPM.

5. Toxicity

The toxicity of these ICIs was acceptable in MPM. A study on pembrolizumab
toxicity found grade 3 and 4 events, including adrenal insufficiency (3%), pneumonitis
(3%), skin rash (3%), colitis (1.6%), confusion (1.6%), hepatitis (1.6%), and hypergly-
cemia (1.6%), and one grade 5 event of hepatitis (1.6%) [17]. In a study on nivolumab,
adverse events of any grade occurred in 26 patients (76%), including fatigue (29%)
and pruritus (15%) [19]. In that study, treatment-related grade 3 and 4 adverse events
were reported in nine patients (26%); most events were pneumonitis, gastrointestinal
disorders, and laboratory disorders. One treatment-related death was due to pneumo-
nitis, but it was probably initiated by concurrent amiodarone therapy. These toxicity
profiles were similar to those observed in other malignancies, including melanoma and
non-small cell lung cancer (NSCLC), and they appeared to be manageable.

6. Future perspectives

Based on the promising results described above, ICIs could play a primary role in
the treatment of MPM. An important issue for the future is whether ICIs can be com-
bined with other agents, including other ICIs. For example, given the synergy between
the PD-1/PD-L1 and CTLA-4 pathways in T-cell activation, a combination treatment
with antibodies that target PD-1 or PD-L1 and CTLA-4 warrants investigation [22].

NIBIT-MESO-1 was an open-label, nonrandomized, phase II study that investi-
gated the efficacy and safety of first- or second-line tremelimumab, a monoclonal
antibody against CTLA-4, combined with durvalumab, a monoclonal antibody
against PD-L1 [23]. In that study, patients with unresectable pleural or peritoneal
mesothelioma received one dose of intravenous tremelimumab and durvalumab
delivered every 4 weeks, for a total of four doses. This was followed by maintenance
treatment with intravenous durvalumab. Of 40 patients, 11 (28%) displayed an
objective response. The median PFS was 5.7 months (95%CI: 1.7-9.7), and the
median OS was 16.6 months (95%CI: 13.1-20.1). Toxicity related to treatment was
generally manageable and reversible.

Another multicenter, randomized, phase II study was conducted in France [24]. In
that study, patients were randomly allocated to nivolumab or nivolumab plus ipilim-
umab. In the intention-to-treat population, the primary endpoint, 12-week disease
control, was achieved by 25 (40%; 95%CI: 28-52) of 63 patients in the nivolumab group
and by 32 (52%; 95%CI: 39-64) of 62 patients in the combination group. The most
frequent grade 3 adverse events were asthenia (N = one [2%] with nivolumab vs. three
[5%] with the combination), an asymptomatic increase in aspartate aminotransferase
or alanine aminotransferase (N = none with nivolumab vs. four [7%] of each with the
combination), and an asymptomatic increase in lipase (N = two [3%] with nivolumab
vs. one [2%] with the combination). These findings indicated that the combination
of anti-CTLA-4 and anti-PD1/PD-L1 antibodies appeared to be active and had a good
safety profile in patients with MPM. Currently, there is an ongoing phase III, random-
ized, open-label trial for testing nivolumab in combination with ipilimumab vs. peme-
trexed with cisplatin or carboplatin as a first-line therapy in unresectable MPM. The
primary endpoint of the study, OS, will be reported in the near future.
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Cisplatin 75 mg/m? day1
Pemetrexed 500 mg/m?2, day1
Nivolumab 360 mg/body, day1

Nivolumab
360 mg/body, day1

Every 3 weeks for 4-6 cycles Every 3 weeks
f 4 -\
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M Age = 20

H Pathologically confirmed malignant pleural mesothelioma

B Untreated, metastaticor unresectable disease

B Measurable lesion designated by Modified RECIST criteira

B ECOGPS:0o0r1

_ )
Design: Non-randomized, open label, multicenter phase IT
Enrollment: 18
Locations: Okayama Rosai Hospital, Okayama University Hospital,

Yamaguchi-Ube Medical Center, Shikoku Cancer Center Hospital
UMIN trial No: ooo0030892

Figure 3.

Overview of a phase II trial for testing a first-line combination chemotherapy with cisplatin/pemetrexed and
nivolumab for treating unresectable malignant pleural mesothelioma (Ref. [21]). RECIST, vesponse evaluation
criteria in solid tumors; ECOG, eastern cooperative oncology group; PS, performance status.

The combination of an anti-PD-1/PD-L1 antibody and conventional chemo-
therapy is also under investigation. Nowak et al. presented results from a phase II
trial that tested durvalumab combined with cisplatin/pemetrexed in MPM [25].
The primary endpoint, PFS at 6 months, was 57% (N = 31/54; 95%CI: 45-68),
the median PFS time was 6.9 months (95%CI: 5.5-9.0), and the objective RR was
48% (95%CI: 35-61). Grade 3-5 adverse events occurred in 36 patients, including
neutropenia in 13%, nausea in 11%, anemia in 7%, fatigue in 6%, and any grade of
peripheral neuropathy in 35%. The authors have conducted another phase II study
to test the combination of nivolumab and cisplatin/pemetrexed, which is currently
in progress (Figure 3)[21]. A large-scale randomized study for testing the combi-
nation of pembrolizumab and cisplatin/pemetrexed is also in progress. Based on
whether these combination regimens, which include anti-PD1/PD-L1 antibodies,
demonstrate sufficient activity, safety, and tolerability as first-line treatments, the
standard regimen of cisplatin/pemetrexed might be replaced.

Another important issue is whether biomarkers can be developed to determine
which patients might expect a response and which might expect unacceptable tox-
icity. Previous studies in patients with MPM have shown that tumors with positive
PD-L1 expression were associated with worse survival outcomes compared to
those with negative PD-L1 expression [26]. Although an optimal PD-L1 expres-
sion threshold could not be identified, a trend was observed, where a higher
RR and more durable PFS were associated with increasing PD-L1 expression, in
studies on pembrolizumab [17, 18] and nivolumab [20]. In some neoplasms, the
tumor mutation burden or the tumor microenvironment was associated with the
response to ICIs; however, those associations have not been established as bio-
markers in MPM.

7. Conclusion

The prognosis of MPM remains poor. Recent encouraging results have sug-
gested that a PD-1/PD-L1 blockade might be an effective treatment option
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for MPM. Although the effect requires confirmation in larger clinical trials,
nivolumab and pembrolizumab might offer hope for patients with MPM. Further
study is warranted to develop more effective treatment strategies, such as com-
bining ICI with other ICIs or with conventional chemotherapy, and to establish
biomarkers for distinguishing patients that might respond to treatment from
those likely to develop unacceptable toxicities.
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