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Abstract

Background Treatment of recurrent malignant pleural mesothelioma (MPM) remains challenging. Our study examined the
efficacy, tolerability, and safety of nivolumab with ipilimumab treatment for recurrent MPM after primary curative-intent
surgery.

Methods Treatment comprised 360 mg nivolumab every 3 weeks and 1 mg/kg of ipilimumab every 6 weeks, both admin-
istered intravenously. Both were discontinued for progressive disease or serious adverse events (AEs). Additional post-
treatment data were evaluated, including objective response rate (ORR), disease control rate (DCR), post-treatment survival,
progression-free survival (PFS), and AEs. Tumor response was assessed using the modified Response Evaluation Criteria in
Solid Tumors (RECIST 1.1). Survival analysis was estimated using a Kaplan—Meier plot. Feasibility analysis was performed
using the National Cancer Institute Common Terminology Criteria for AEs version 5.0.

Results Forty-one patients received nivolumab with ipilimumab for recurrent MPM after primary curative-intent surgery
(median follow-up, 10.4 months; median treatment, 5.1 months). Overall, 18 patients exhibited partial response, 13 exhibited
stable disease, and 10 had documented progressive disease. ORR and DCR were 43.9 and 75.6%, respectively. The 12-month
post-treatment survival rate and PFS rate were 74.2 and 40.0%, respectively (median survival, not calculated; median PFS,
7.3 months). Further, 47 AEs were reported in 29 patients (70.7%), including grade 3—4 AEs in 14 patients (34.1%). Grade
4 hepatobiliary disorders were observed in 2 patients and grade 4 neutropenia was observed in 1.

Conclusion Nivolumab with ipilimumab treatment in patients with recurrent MPM after primary surgical treatment may be
clinically efficacious, although serious AEs may be frequently observed.

Keywords Malignant pleural mesothelioma - Nivolumab plus ipilimumab - Postoperative recurrence - Programmed death-1
inhibition - Adverse events - Anticytotoxic T lymphocyte antigen-4

Introduction

Malignant pleural mesothelioma (MPM) is an aggressive
tumor with most patients suffering from recurrent disease
soon after curative-intent surgery [1], which may include
either pleurectomy/decortication (P/D) or extra-pleural
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Until 2020, platinum agents with pemetrexed were the
only approved first-line treatment regimens for MPM and
long-term survival outcomes remained poor [4]. Some cases
of poor PS in patients with recurrent MPM could not toler-
ate the platinum agents with pemetrexed [2]. To overcome
these limitations, new and effective therapeutic options are
needed. Recently, an immune-checkpoint inhibitor (ICI) for
MPM has received considerable attention. In Japan, clini-
cal studies have reported on the efficacy and safety of the
ICI, nivolumab, as a second-line primary treatment or for
treatment of recurrent disease after primary surgery for
MPM [3, 5]. In addition, the open-label, randomized phase
3 study, CheckMate 743, confirmed that nivolumab, a fully
human anti-programmed cell death-1 (PD-1) antibody, and
ipilimumab, a fully human anti-cytotoxic T lymphocyte 4
(CTLA-4) antibody, demonstrated therapeutic activity in
MPM which led to the regulatory approval of nivolumab
plus ipilimumab for the treatment of un-resectable MPM [6,
7]. This combination is expected to improve the treatment
results in patients with MPM.

To our knowledge, no prior clinical studies have inves-
tigated nivolumab with ipilimumab in patients with recur-
rent MPM after primary curative-intent surgery. This study
aimed to evaluate the efficacy, feasibility, and safety of
nivolumab with ipilimumab in patients with recurrent MPM.

Materials and methods
Study method and ethics

This is a retrospective cohort study conducted at a single
institution. This study followed the standards of the Dec-
laration of Helsinki and current ethical guidelines. All eli-
gible patients were included in the program after providing
written informed consent. The institutional review board at
the Hyogo College of Medicine (number 4094) approved
the study on May 31, 2022. We retrospectively reviewed
the medical records, including the radiological data, of all
enrolled patients.

Patient data and treatment

We reviewed the medical charts of patients who were regis-
tered in the prospective MPM database of our hospital sur-
gery program between January 2004 and October 2022. All
patients underwent multimodality treatment which may have
included neoadjuvant chemotherapy (NAC) followed by
curative-intent surgery (CIS) for MPM or CIS followed by
adjuvant chemotherapy or CIS with NAC or adjuvant chem-
otherapy and localized irradiation. NAC comprised pem-
etrexed (500 mg/m?) followed by either cisplatin (75 mg/m?)
or carboplatin (area under the curve, 5), each administered
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intravenously on day 1 of a 21-day cycle for a total of 3
cycles. P/D has been the primary curative-intent surgical
procedure for MPM since September 2012. Conversion
from P/D to EPP was performed when diffuse tumor inva-
sion to the pulmonary parenchyma was identified. Adjuvant
chemotherapy (AC) comprised three cycles of pemetrexed
and cisplatin or carboplatin administered after P/D. Adju-
vant high-dose hemithoracic irradiation using intensity-mod-
ulated radiotherapy was performed exclusively after EPP.
The protocol used in multimodality treatment for MPM was
derived from previous reports [2, 3, 8—10].

All patients underwent a physical examination and blood
tests for tumor markers and computed tomography (CT)
imaging every 3—6 months at our outpatient treatment facil-
ity. Recurrent disease was diagnosed and patients were tri-
aged by a cancer board comprised a multidisciplinary team.
Beginning in June 2021, nivolumab with ipilimumab was
the treatment of choice for patients with an initial recur-
rence of MPM after P/D with either NAC or AC. The treat-
ment of recurrent MPM consisted of 360 mg of nivolumab
administered intravenously every three weeks and 1 mg/kg
of ipilimumab administered intravenously every six weeks
continuously unless their disease progressed or if they
experienced high grade adverse events. In this research, all
patients treated with nivolumab with ipilimumab for the
recurrent MPM were enrolled.

Outcome evaluation and statistical analyses

Patients were followed at least quarterly until their own mor-
tality or until their last clinic visit. Treatment response was
assessed using radiological imaging as per a modified ver-
sion of the Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) based on CT or [18F] fluorodeoxy-D-glucose
positron emission tomography (FDG-PET)/CT [11]. Patients
were evaluated every 6-12 weeks with radiological imaging
throughout nivolumab plus ipilimumab treatment.

The primary endpoint was the treatment response as
measured by mRECIST. All radiological outcomes were
designated as progressive disease (PD), stable disease
(SD), partial response (PR), or complete response (CR).
The objective response rate (ORR) was defined as the per-
centage of patients with complete or partial remission of
disease, expressed as the sum of CR and PR. The disease
control rate (DCR) is the total percentage of patients with
any documented response, designated as the sum of patients
with CR, PR, and SD.

Overall survival (OS) was calculated from the time of
administration of the first nivolumab with ipilimumab dose
for recurrent MPM to the most recent follow-up date or their
date of death. Progression-free survival (PFS) was calcu-
lated from the time of administration of the first nivolumab
with ipilimumab dose for recurrent MPM to the date of the
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most recent follow-up or the date PD was detected. OS and
PFS were estimated using a Kaplan—Meier curve. Analyses
were based on data updated on October, 2022 using JMP 14
(SAS Institute Inc., Cary, NC, USA).

Adverse events (AEs) were graded as per the National
Cancer Institute’s Common Terminology Criteria for
Adverse Events, version 5.0 (CTCAE v5.0) guidelines [12]
to evaluate the safety and tolerability of the combination
therapy.

Results
Patient characteristics

We enrolled 41 patients with recurrent MPM after NAC
and P/D, who received nivolumab with ipilimumab between
June 2021 and July 2022. The study population included
34 men and 7 women with a median age of 67 years (range
52-83 years). All patients had undergone neoadjuvant chem-
otherapy followed by P/D at our institution. There were no
patients who underwent EPP. Macroscopic complete resec-
tion was successfully performed in 38 patients (92.7%). The
histological subtypes on final pathology were epithelioid
in 36 patients and biphasic in 5 patients. All patients were
staged using the pathological stages of the International
Mesothelioma Interest Group Staging System (version 8):
9 patients were diagnosed with Stage IA, 11 with Stage IB,
5 with Stage II, 15 with Stage IIIA, and 1 with Stage IIIB
disease. Twenty-six patients (63.4%) completed multimodal-
ity treatment, including at least3 cycles of AC. The median
time to recurrence after surgery was 15.4 months. The sites
of the first recurrence were local (ipsilateral hemithorax or
mediastinum) in 27 patients and distant (abdomen or con-
tralateral hemithorax, brain, bone, etc.,) in 3 patients. Both
local and distant recurrences occurred in 11 patients. Of the
41 patients who received nivolumab with ipilimumab for
recurrent MPM after P/D, 16 had an Eastern Cooperative
Oncology Group PS of 0, 23 had a score of 1, and 2 had
a score of 2 at the time of their first treatment. The demo-
graphic features and disease characteristics of the patients
are summarized in Table 1.

The median duration of follow-up after the first adminis-
tration of nivolumab with ipilimumab, was 10.4 months. The
median treatment duration was 5.1 months (range 0.7-15
months). Ten of the 41 patients (24.4%) died from either
tumor progression (n=9) or from other diseases (n=1), 20
(48.8%) stopped nivolumab and ipilimumab treatment, and
11 (26.8%) continued nivolumab with ipilimumab treatment.
The reasons for discontinuation (n=30) included tumor
progression (n=15), AEs (n=12), patient’s refusal (n=2),
and death due to other disease (n=1). Of the 27 patients
who stopped treatment due to tumor progression or AEs,

Table 1 Clinical characteristics of the patients (n=41)

Characteristics Value
Age, years, median (range) 67 (52-83)
Sex
Male 34 (82.9%)
Female 7 17.1%)
Surgery
Pleurectomy/decortication 41 (100%)
Extra-pleural pneumonectomy 0
Macroscopic complete resection 38 (92.7%)
Pathology
Epithelioid 36 (87.8%)
Biphasic 5 (12.2%)
Stage (IMIG 8th edition)
IA/IB/II/IIIA/IIIB 9/11/5/15/1
Multimodality treatment
Completed 26 (63.4%)
Discontinued 15 (36.6%)
Performance status
0 16 (39.0%)
1 23 (56.1%)
2 2 4.9%)
Initial recurrence pattern
Local 27 (65.9%)
Distance 3 (7.3%)
Both (Local + Distance) 11 (26.8%)

IMIG international mesothelioma interest group

10 received pemetrexed with platinum as a 2nd-line chemo-
therapy, 10 patients received no treatment and were followed
up closely and 7 received supportive care alone.

Efficacy evaluation

Radiological evidence of regression was designated as a PR
in 18 patients and evidence of no change in tumor size as SD
in 13 patients. Ten patients were found to have radiological
evidence of increasing tumor size or number of tumors and
were designated as PD. The ORR and DCR were 43.9% and
75.6%, respectively (Table 2). The Kaplan—Meier curves for
OS and PFES after nivolumab with ipilimumab administration
are shown in Supplementary Fig. 1 and Fig. 1. The 6-month
and 12-month OS were 87.0 and 74.2%, respectively. The
median OS in the study could not be calculated. The 6-month
and 12-month PFS rates were 69.8 and 40.0%, respectively.
The median PFS was 7.3 months (95% CI, range could
not be established). The median duration of response was
7.3 months. At the termination date of the study, 20 of the
41 patients (48.8%) had an ongoing response. Seven patients
(17.1%) had an ongoing response for more than one year.
Seven of the 12 patients (58.3%) had an ongoing response
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Table 2 Efficacy of nivolumab with ipilimumab

Number (n=41)

Best overall response rate

Complete response 0
Partial response 18 (43.9%)
Stable disease 13 (31.7%)
Progressive disease 10 (24.4%)
Objective response rate 18 (43.9%)
Disease control rate 31 (75.6%)
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Fig. 1 Progression-free survival. Kaplan—-Meier curves of progres-
sion-free survival from the time of first nivolumab with ipilimumab.
The 12-month progression-free survival rate was 37.1%

after discontinuing nivolumab with ipilimumab due to AEs.
The details of the treatment exposure and response durations
of all patients are presented in Fig. 2.

The DCRs by histological subtype were as follows: 72.2%
(26 of 36 patients) and 80.0% (4 of 5 patients) were des-
ignated epithelioid and biphasic types, respectively. The
DCR by recurrence pattern was as follows: 70.4% (19 of 27
patients) of patients had local recurrences only and 78.6%
(11 of 14 patients) of patients had either only distant recur-
rences or both (local + distant) recurrences.

Safety evaluation

Toxicity was determined retrospectively for all patients using
the CTCAE v5.0. Table 3 presents the AEs in the 41 patients
administered nivolumab with ipilimumab. Forty-seven AEs
were reported in 29 patients (70.7%). Grade 3—4 AEs were
reported in 14 (34.1%) of the 41 participants. There were no
treatment-related deaths. The most common AEs observed
were pruritus in 11 patients (26.9%), hypophysitis or adrenal
insufficiency in 10 (24.4%), and hepatobiliary disorders in 4
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(9.8%). The most commonly reported grade 3—4 AEs were
hypophysitis or adrenal insufficiency in 6 (14.6%), colitis in
3 (7.3%) and hyperthyroidism in 3 (7.3%). The DCR of 22
patients with G2-G4 AEs was 72.2%.

AE:s that led to the complete discontinuation of nivolumab
with ipilimumab (due to either component of the regimen)
regardless of grade, were reported in 11 patients. Reasons
for complete discontinuation were hepatobiliary disorders in
4 patients, colitis in 2, hypophysitis or adrenal insufficiency
in 2, interstitial lung disease in 1 patient, acneiform rash in
1, and hyperthyroidism in 1. On the other hand, 9 patients
were temporarily discontinued because of AEs (hypophysitis
or adrenal insufficiency in 4 patients, hyperthyroidism in 2,
interstitial lung disease in 1, uveitis in 1, and pancreatitis in
1), and the treatment was resumed after the AEs subsided
with immune modulating concomitant medication (primarily
corticosteroids). Eighteen patients (43.9%) required high-
dose steroid treatment. Among them, the most frequent
reason for prescribing steroids was for patients with an
endocrine disorder (n=11) and colitis (n=3). Pulse steroid
therapy was prescribed for 3 patients; neutropenia (grade 4,
n=1), acneiform rash (grade 3, n=1), and nephrotic syn-
drome (grade 3, n=1). Three doses of pulse corticosteroid
therapy with 500 mg methylprednisolone and subsequent
corticosteroid therapy (prednisolone, 1 mg/kg) resulted in
recovery from all of these AEs.

Discussion

This is a novel retrospective single-institution cohort study to
evaluate the clinical outcome of nivolumab with ipilimumab
in patients with recurrent MPM after P/D. The key findings
are: first, nivolumab with ipilimumab has promising efficacy
in the treatment of recurrent MPM in the post-operative set-
ting; and, second, grade 3—4 AEs were observed in 34.1%,
of patients in our study which is higher than in the Check-
mate-743 study. For many years, the standard treatment for
MPM has been chemotherapy agents. [13]. Since the 1990s,
modulation of the immune system in patients with MPM has
been the focus of research. The development of checkpoint
inhibitors and their successful outcomes in melanoma and
lung cancer prompted clinical researchers to test these agents
in MPM. Single-agent immuno-oncology studies revealed
that significant long-lasting responses could achieved in
some patients. Nivolumab was one of the first immunomod-
ulatory found to have promising efficacy in MPM and as
a result has received considerable attention. Okada et al.
reported the MERIT trial for the second- or third-line treat-
ment of MPM. Thirty-four patients were enrolled and they
reported an ORR of 29.4% and DCR of 67.6%. The median
OS and PFS were 17.3 and 6.1 months, respectively [5]. Suc-
cessful developments in the treatment of melanoma and lung
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Fig.2 The swimmer’s plot. The swimmer’s plot (B) shows the treat-
ment duration and response duration, with the bar length correspond-
ing to the duration of follow-up for each patient (n=41). Results are
at data cutoff. Eleven patients (No. 7, 9, 21, 22, 30, 31, 33, 38, 39,
40, and 41) continued nivolumab with ipilimumab treatment. Nine
patients (No. 2, 7, 14, 15, 20, 22, 31, 33, and 41) temporarily discon-

cancer have also been studied in hopes of improving OS for
recurrent MPM. In the CheckMate-743 study, patients with
all histologic subtypes were randomized between the stand-
ard of care (cisplatin or carboplatin plus pemetrexed) for six
cycles or the combination of ipilimumab plus nivolumab
for a maximum of 2 years. There was an ORR of 39.6% and
DCR of 76.6% in nivolumab with ipilimumab. Nivolumab
with ipilimumab significantly prolonged OS compared to
cisplatin or carboplatin with pemetrexed (HR 0.74; 95% ClI,
0.60-0.91; P=0.002), with median duration of response of
11.0 versus 6.7 months, respectively, and estimated rates
of patients with ongoing response at 2 years of 32 versus
8%, respectively. Based on these results, in October 2020,
the US Food and Drug Administration approved nivolumab
with ipilimumab for previously untreated and surgically un-
resectable MPM [7].

Our prior report on post-recurrence treatment for MPM
included 57 patients who developed recurrence after NAC
followed by P/D between September 2012 and December
2017. Forty-three of these patients (75.4%) developed recur-
rent disease and were treated with >3 cycles of chemother-
apy, surgery, or radiofrequency ablation. The survival time
was significantly longer in patients who received treatment

tinued nivolumab with ipilimumab treatment due to the development
of adverse events, treatment resumed after resolution of the adverse
effects. Red triangles show progressive disease. Red diamonds show
AE:s that led to the temporary discontinuation of nivolumab with ipil-
imumab. Red crosses show death. Arrows show ongoing treatment of
nivolumab with ipilimumab at data cutoff

for their recurrence, than in those who received best sup-
portive care (median survival with recurrent disease: 24.1 vs
4.2 months) [2], which supports the provision of treatment
for recurrent MPM. Of the 39 patients who received initial
chemotherapy for recurrence, 20 (51.3%) received a plati-
num agent plus pemetrexed. The 12-month post-recurrence
survival rate was 59.5% (median, 14.4 months) [2]. After
that, nivolumab for the second-line treatment of MPM was
approved in Japan in August 2018, while we reported that
nivolumab in 35 patients with post-operative recurrence of
MPM. Of the 35 patients, ORR was 20.0%, and the DCR
was 77.1%. The 12-month post-treatment survival rates and
PFS rates were 54.1 and 17.1%, respectively (median sur-
vival, 13.1 months; median PFS, 4.4 months) [3]. Hence,
the CIS for MPM is highly invasive and frequently leads
to a poor PS, particularly in those patients who subse-
quently develop recurrent MPM. Treatment of recurrent
MPM remains challenging due to a limitation of treatment
options and few studies providing evidence of benefit. The
current study presents a novel treatment option and evidence
of benefit with an ORR of 43.9%, DCR of 75.6% and the
12-month post-treatment survival and PFS were 74.2 and
40.0%, respectively (median survival, not calculated; median
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Table 3 Immune-related adverse events

Any adverse events (47 AEs in 29
patients)

Nivolumab plus ipilimumab
(n=41)

Grade 1-2 Grade 3 Grade 4

—

Pruritus

Hypophysitis/Adrenal insufficiency
Hepatobiliary disorders

Colitis

Hyperthyroidism

Anorexia

Acneiform rash

Interstitial lung disease
Neutropenia

Nephrotic syndrome

Arthritis

Pancreatitis

Dysgeusia

Hyponatremia

Uveitis

Hypothyroidism

Creatine phosphokinase increased

— e e e e e O O = NN O O N R —

SO O O OO O OO = O = OO0 W Wo oo
[ellole e oo ==l eloleleolol = -]

Peripheral neuropathy

AEs adverse events

PFS, 7.3 months), with this proposed combination therapy
in patients with recurrent MPM after P/D, with either AC
or NAC. Several of our patients were documented to have a
response to treatment that exceeded the length of our study.
These findings were similar to the results of Checkmate-743
[7, 8] and provide evidence for the efficacy of nivolumab
plus ipilimumab for patients with recurrent MPM after P/D.

One area of concern in the prospective widespread
use of nivolumab in combination with ipilimumab is the
reported frequency of grade 3—4 AEs which could lead to
discontinuation of the treatment. Checkmate-743 reported
that grade 3—4 AEs were documented in 30.3%, whereas
we documented grade-3—4 AEs in 34.1% of the patients in
our study [7]. AEs affecting the endocrine systems were
among the most common and were found to be affect-
ing 26.8% (11 patients.) Endocrine AEs included effects
on the pituitary, adrenal and thyroid endocrine systems,
which contrasts with our previously reported data on
nivolumab therapy as a single agent for recurrent MPM
after P/D which found a low frequency of endocrine AEs
and grade 3 AEs (11.4%) [3, 5]. This indicates that ipili-
mumab, a monoclonal antibody against CTLA-4, is likely
to be the factor associated with the development of several
endocrine AEs in the combination therapy protocol. The
mechanism underlying ipilimumab-induced endocrine AEs
implicates immune, inflammatory, and genetic pathways,
the specifics of which remain to be elucidated [14]. Our
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study provides evidence that the inflammation and reduced
PS following surgery may directly affect the pathogenesis
of endocrine AEs. The management of endocrine AEs pri-
marily involves replacement therapy of deficient hormones
possibly with concurrent high-dose steroids, particularly
with pituitary, and adrenal involvement. Discontinu-
ation of ICI may also be either temporarily or perma-
nently required in severe cases. [14]. We found that most
endocrine AEs resolved with either high-dose steroids or
supportive treatment making it possible to subsequently
resume ICIL.

Combination therapy with nivolumab and ipilimumab
is an important treatment option for recurrent MPM after
P/D. Checkmate-743 and this study have both demon-
strated efficacy and long-term responsiveness to this
combination protocol and while our patients experienced
a high frequency of AEs, most all of the AEs were man-
ageable with treatment protocol-specific guidelines. This
protocol provides a novel treatment option for recurrent
MPM at a time when few options are available [15].

Our study has several limitations. This is a single-
center, single arm, retrospective cohort study which nec-
essarily introduces bias which should not be ignored. We
also concluded the study before all survival data could
be collected. The follow-up period on all patients after
the initiation of nivolumab with ipilimumab administra-
tion was relatively short. Thus, OS and PFS data were
immature. We evaluated the initial effects and the feasibil-
ity of nivolumab with ipilimumab administration; how-
ever, the prognostic factors, including programmed death
ligand 1, were not investigated. Further research is war-
ranted to further examine the efficacy of this protocol with
more patients for a longer duration and involving more
institutions.

Conclusions

Nivolumab with ipilimumab treatment in patients with
recurrent MPM after P/D was found to have promising
efficacy but was also complicated by serious AEs. Further
multi-institutional studies to evaluate long-term survival,
prognostic factors and development of AEs with this proto-
col deserve consideration.
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