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Abstract

Background: Malignant pleural mesothelioma (MPM) is a disease for which there remains an
unmet need for better therapeutic options. Nintedanib is an oral multikinase inhibitor impacting
VEGF, FGF, PDGFR, and other kinase activity such as TGFR signaling pathways. We conducted a
phase Il trial of nintedanib in patients with recurrent MPM.

Methods: Patients with MPM previously treated with platinum-based chemotherapy,
performance status (PS) 0-1, adequate organ function, and no contraindications to anti-angiogenic
therapy were eligible and were treated with nintedanib 200 mg twice per day until disease
progression or unacceptable toxicity. The primary endpoint was 4-month progression-free survival
(PFS).

Results: Twenty patients were enrolled. The median age was 70 years (range 32—81), 90% were
male, and 80% were PS 1. The histology was 70% epithelioid, 5% sarcomatoid, 10% biphasic,
and 15% unknown. 15% had prior bevacizumab. The median follow-up was 4.1 mo. There were
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no responses but 40% had stable disease at 8 weeks. The median PFS was 1.8 mo. (95% ClI: 1.68,
3.55) and the 4-month PFS rate was 13%. The median OS was 4.2 mo. (95% CI: 2.53, 8.74) and
the 4-month OS rate was 55%. Toxicities were primarily grade 1-2 and included diarrhea, fatigue,
edema, transaminase elevation, anorexia, nausea, vomiting and dyspnea.

Conclusions: The activity of nintedanib in previously treated MPM patients was. modest. The
trial did not meet its primary PFS endpoint. Even though 2 patients had prolonged stable disease
for >4 months, the efficacy of nintedanib remains unproven.

MicroAbstract:

This is a Phase |1 trial assessing the efficacy of nintedanib, an oral multi-targeted kinase inhibitor,
in patients with recurrent malignant pleural mesothelioma. The drug was well tolerated but the
activity was modest with no responses and 40% stable disease at 8 weeks. The trial did not meet
its endpoint but there was a subset of patients who had prolonged stable disease.

Keywords
mesothelioma; nintedanib; angiogenesis; tyrosine kinase inhibitor

Introduction

Most patients diagnosed with malignant pleural mesothelioma (MPM) will succumb to
their disease due to its inherent resistance to therapeutic interventions. Most patients have
disease that is not amenable to local treatments such as surgery and/or radiotherapy because
of the advanced stage at diagnosis.! Chemotherapy had been the standard of care for
primary treatment of MPM based on a phase 111 study of the combination of pemetrexed
plus cisplatin versus cisplatin alone resulting in both a superior response rate (41.3% vs.
16.7%) and median survival (12.2 vs. 9.3 months) favoring the combination.? Recently,
immunotherapy has demonstrated benefit in MPM, but there is considerable room for
improvement and the development of agents targeting critical pathways in the malignant
cell has afforded this opportunity.

Vascular endothelial growth factor (VEGF) has a crucial role in mesothelioma
pathogenesis.3 In the phase 11l MAPS trial bevacizumab, an inhibitor of angiogenesis, was
combined with chemotherapy and compared to the control arm of chemotherapy alone.
This resulted in a significant improvement in overall survival, 18.8 vs. 16.1 months.*
Cediranib (AZD2171) is a tyrosine kinase inhibitor (TKI) targeting VEGFR 1-3, c-Kit,
and PDGF- that was evaluated in a Phase Il trial in previously treated MPM patients

and demonstrated a disease control rate of 42% and 2 patients were exquisitely sensitive

to the drug.® Nintedanib (BIBF 1120) is a potent, orally available TKI targeting VEGFR
1-3, PDFR /B, FGFR 1-3, and Src-family members.® The drug is approved for use in

the treatment of idiopathic pulmonary fibrosis and in previously treated non-small cell lung
in combination with docetaxel in the European Union (LUME-Lung 1)7 The simultaneous
abrogation of multiple pathways results in effective growth inhibition of both endothelial
cells and PDGF- and FGF-receptors of perivascular cells, which may be more effective than
inhibition of endothelial cell growth via the VEGF pathway alone. VEGF, FGF-1, FGF-2,
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and TGFpB immunoreactivity is present in mesothelioma.8 Combined immunohistochemistry
levels of these markers have been associated with increased intra-tumoral microvascular
density and poor prognosis. Nintedanib, being an inhibitor of both VEGFR and FGFR, was
felt to be an ideal candidate for evaluation in MPM. Please note that this trial was conceived
and completed before the studies that evaluated cediranib and nintedanib with chemotherapy
as well as the immunotherapy trials in MPM.

Patients were eligible for the trial if they had a histologically confirmed diagnosis of
unresectable MPM. Patients were unresectable by local guidelines. Patients must have had
prior platinum-based chemotherapy and no more than 2 prior systemic therapeutic regimens.
Prior bevacizumab was allowed. Prior surgery and/or radiation was allowed if 28 days

had elapsed since treatment. Patients had to have an ECOG performance status (PS) of

0 or 1, adequate hematologic, renal, and hepatic function, and no > grade 2 proteinuria.
Disease could be measurable or non-measurable as documented by CT scan. No evidence
of cavitary or necrotic tumors or centrally located disease with radiographic evidence of
local invasion of major blood vessels was allowed. No therapeutic anticoagulation was
allowed, and patients could not have a pathologic condition that had a high risk of bleeding
or significant cardiovascular disease. Patients of child-bearing age were required to use
effective birth control. The study was approved by the Institutional Review Board and all
patients were required to give written informed consent in accordance with institutional and
federal guidelines.

Nintedanib 200mg was administered orally twice per day. One treatment cycle was 4 weeks.
Patients continued treatment until disease progression or unacceptable toxicity. Disease was
evaluated for response every 2 cycles. Response was assessed via RECIST and modified
RECIST for pleural tumors. Treatment beyond progression was not allowed.

Descriptive statistics were performed for baseline characteristics. All time-to-event
endpoints were estimated using Kaplan Meier methods, from which the median and rates

at 4 months were calculated. All patients registered were used in the analysis of PFS and
OS. Frequency estimates of the Grade 3—4 toxicity rate was computed for each type of
toxicity encountered, using all toxicity-evaluable patients. The primary goal of this study
was to evaluate the 4-month progression-free survival (PFS) in patients with MPM treated
with nintedanib. Based on the results from a previous Southwest Oncology Group study in
this patient population® and the rates published in Francart at al®, it is assumed that if the
4-month PFS was 30% or less than nintedanib would not warrant further investigation in this
setting. A two-stage design was used with 20 patients enrolled in the first stage. If 5 or more
patients were alive and progression-free at 4 months than an additional 35 patients would

be enrolled in stage 2. This design had a significance level of 0.04 and a power of 0.91.
Secondary study endpoints include median PFS, overall survival (OS), and toxicity.
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Twenty patients were enrolled from 3/2016 until 4/2018. Patient characteristics are listed
in Table 1. The median age was 70 years (range 32-81). The majority of patients were
male (90%), had epithelioid histology (70%), and a PS of 1 (60%). All patients received
prior platinum and pemetrexed chemotherapy. Three patients had prior bevacizumab and 4
patients received prior immunotherapy.

There were no responses to treatment. Eight patients had stable disease at 8 weeks for a
disease control rate of 40%. Two patients had prolonged control of their disease at 15 and
18 months. Seventeen (85%) discontinued treatment secondary to progressive disease, 2
patients withdrew from the study, and one stopped treatment because of toxicity.

The median follow-up was 4.1 months (range 0.7-45.6). The 4-month PFS rate was 12%
(95% ClI: 0%, 28%) and the median PFS was 1.8 months (95% ClI: 1.6, 3.0) (Figure 1). The
median OS was 4.2 months (95% ClI: 2.5, 8.7) and the OS rate at 4 months was 55% (95%
Cl: 31%,79%) (Figure 2). The 6 and 12-month OS are 31% (95% CI: 8%, 54%) and 22%
(95% ClI: 2%, 43%), respectively. The trial did not meet its endpoint, so it did not proceed to
the second stage.

The median number of cycles delivered was 2 (range 1-18). The most common treatment-
related adverse events were Grades 1 and 2 and consisted of gastrointestinal side effects
(diarrhea, nausea, vomiting), transaminase elevation, constitutional symptoms (anorexia,
fatigue), edema, and dyspnea (Table 2). There were 4 episodes of grade 3 toxicity that

were possibly related to treatment including arrythmia, ascites, syncope, and pulmonary
embolus. There were no related grade 4 or 5 toxicities. There were no significant incidences
of hypertension, proteinuria, or hemorrhage.

Discussion

This phase 11 trial of nintedanib in relapsed MPM did not meet its primary endpoint based
on PFS. There were 2 patients with prolonged disease stabilization, but it is uncertain as to
whether this represents a hint of benefit because of treatment. A phase Il trial of pazopanib
in MPM patients with 0-1 prior treatments did show some activity but did not meet its
primary endpoint and was poorly tolerated.10 It is possible that angiogenesis inhibitors need
to be combined with other systemic treatment such as chemotherapy in order to establish
their efficacy. The MAPS trial did demonstrate a modest but significant survival benefit
when bevacizumab was combined with chemotherapy in the first-line treatment of MPM.#
The treatment benefit was most notable in the sarcomatoid population. This combination
is included in treatment guidelines but is not FDA approved. A randomized phase I trial
(RAMES) evaluated gemcitabine with or without ramucirumab in relapsed MPM.11 There
was a survival advantage for the combination (13.8 vs. 7.5 months) but this has not led to
its use in common practice. Both TKIs, cediranib and nintedanib, have been evaluated in
combination with chemotherapy in larger trials. SWOG S0905 assigned patients to receive
cediranib or placebo with chemotherapy.1? There was increased toxicity with only a small
increment in PFS for the combination. LUME-Meso was a phase 11/111 randomized trial
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designed to assess the efficacy of nintedanib plus chemotherapy as first-line treatment of
MPM. The phase Il portion of the trial reported an improvement in PFS (HR 0.54) and OS
(HR 0.77) particularly in epithelioid histology favoring nintedanib, however in the phase I11
part of the trial the primary PFS (HR 1.01) endpoint was not met and the phase |1 findings
were not confirmed.3:14 Toxicities were similar between the 2 phases of the trial. It should
be mentioned that sarcomatoid patients were excluded from the trial which may have had an
influence on the outcome. Nintedanib has also been evaluated as switch maintenance therapy
after chemotherapy in the EORTC 08112 NEMO trial (NCT02863055). The study is fully
accrued, and results are awaited.

Immune checkpoint inhibitors have become the standard of care in the treatment of

many solid tumors. In the setting of relapsed MPM, the phase 11l PROMISE-Meso trial
compared pembrolizumab to vinorelbine or gemcitabine resulting in no survival benefit

for immunotherapy over single agent chemotherapy.1> Subsequently, the CONFIRM trial
showed a survival benefit (10.2 months vs. 6.9 months) for nivolumab over placebo.16 A
meta-analysis of the use of single agent PD-1/PD-L1 inhibitors in the treatment of relapsed
MPM revealed an 18% RR (27% in PD-1 positive) and a disease control rate of 55%.17 The
results of CheckMate 743 established a role for immunotherapy for the treatment of MPM
in the first-line setting.1® Patients were randomized to receive either ipilimumab/nivolumab
or chemotherapy. There was a significant improvement in OS (18.1 vs. 14.1 months) for the
patients receiving immunotherapy, particularly for those with sarcomatoid histology.

There has been an interest in combining immunotherapy with angiogenesis inhibition.
There is some rationale for this in that normalization of tumor vasculature can transform
an immunosuppressed tumor microenvironment into an immune rich environment.19
The BEAT-meso study is an ongoing clinical trial investigating carboplatin/pemetrexed/
bevacizumab * atezolizumab in MPM treatment (NCT03762018).

Both the inhibition of angiogenesis and immunotherapy play a role in the treatment of
MPM. Despite the improvement in survival demonstrated in recent clinical trials, most
patients still do not have adequate control of their disease. The Phase 1b PEMBIB trial
treated 30 MPM patients with a combination of nintedanib and pembrolizumab. Associated
correlative studies suggest that the presence of proinflammatory cytokines, 1L-6 and
CXCLS, resulted in higher tumor secretion of VEGF and enrichment of regulatory T cells.20
One of the goals of further investigations should be to identify biomarkers that will help
direct the appropriate therapy for these patients. The future of nintedanib and other agents
are dependent on defining predictors of potential clinical benefit. Continued participation in
clinical trials is also necessary to discover novel efficacious treatment.
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Clinical Practice Points:

Novel therapies are needed for the treatment of malignant pleural
mesothelioma (MPM).

Agents targeting angiogenesis such as bevacizumab have a role in the
treatment of MPM.

Nintedanib had modest activity involving prolonged stable disease in a small
group of patients.

Immunotherapy is now important in the treatment of MPM but angiogenesis
inhibitors in combination with immunotherapy and/or chemotherapy may still
have a role.

It is very important to discover biomarkers that can help with patient selection
to individualize treatment.

Participation in clinical trials evaluating novel agents remains very important
in advancing treatment strategies.
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Overall survival
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Table 1.

Patient Characteristics

Characteristics N (%)
Sex

Male 18 (90)

Female 2 (10)
Histology

Epithelioid 14 (70)

Sarcomatoid 1(5)

Biphasic 2 (10)

Unknown 3(15)
PS

0 4 (20)

1 16 (80)
Prior Therapy

Surgery 7 (35)

Platinum/Pemetrexed 20 (100)

Bevacizumab 3(15)

Immunotherapy 4 (20)

Other 3(15)
Prior Lines of Treatment

1 12 (60)

2 8 (40)
Age Median 70 yr

Range 32-81 yr
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Table 2.
Toxicities
Toxicities Grade
1 2 3 4
Gastrointestinal | 15 | 11 | 1 (ascites) | -
Metabolic 11| 2 - -
Constitutional 5 2 - -
Respiratory 2 1 - -
Pain 3 - - R
Hematologic 2 - - -
Edema 1 3 - -
Arrythmia 1 - 1 -
Thrombosis - - 1 -
Rash 1 - - -
Syncope - - 1 -
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