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Abstract: Introduction
Advanced stage malignant mesothelioma (asMM) patients have poor prognosis.
Several trials investigated the role of programmed cell death protein-1 (PD-1) and its
ligand 1 (PD-L1) immune checkpoint inhibitors (ICIs) in pre-treated asMM.

Methods

A systematic review of the literature of clinical trials testing single-agent anti PD-1/PD-
L1 ICls in pre-treated asMM was performed. Objective response rate (ORR), disease
control rate (DCR), progression-free survival (PFS) and overall survival (OS) data were
extracted. The predictive role of PD-L1 was assessed.

Results

We selected 13 studies including 888 patients. ORR and DCR were 18.1% (95%
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confidence interval [CI] 13.9-22.8%) and 55.4% (95% ClI: 48.1-62.5%), respectively.
Median PFS and OS ranged from 2.1 to 5.9 and from 6.7 to 20.9 months, respectively.
ORR according to PD-L1 was 27.0% (95% CI: 18.7-36.2%).

Conclusions

Anti-PD-(L)1 ICls might be considered a treatment option for chemotherapy-resistant
asMM, even if reliable predictive factors are still lacking.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Cover Letter

DIPARTIMENTO DI

ONCHEILOGIA

UNIVERSITA DEGLI STuDI DI TORINO

Orbassano, January26t", 2022

Dear Sir,

We would like to submit a new version of our manuscript "A systematic review and meta-
analysis of trials assessing PD-1/PD-L1 immune checkpoint inhibitors activity in pre-treated
advanced stage malignant mesothelioma” for publication on Critical Reviews in
Oncology/Hematology. This systematic review and meta-analysis aims at elucidating the
role of anti PD-1/PD-L1 monoclonal antibodies in pre-treated advanced malignant
mesothelioma in terms of response rate (RR) and disease control rate (DCR). We found that
these agents could led 18.1% RR and 55.4% DCR, with possibly higher activity in PD-L1
positive patients. Despite immune checkpoint inhibitors combinations in the first-line setting
are changing treatment approach in non-epithelioid tumors, patients with epithelioid
mesothelioma seem derive less benefit from this approach. Therefore, it is worth to
investigate the activity of single agent anti PD1/PD-L1 agents chemotherapy pre-treated
patients. Indeed, we think that our analysis could add more data in this evolving clinical
scenario. According to reviewer's comments we updated our original work submitted on
December 2020, by including new published studies. We also modified the discussion
section by highlighting novel evidences from recently published and presented trials. We
hope that this works would we considered of interest for the readers of Critical Reviews in
Oncology/Hematology.

This manuscript is not under consideration for publication to other journals.

Best regards

Paolo Bironzo, MD

Assistant Professor

Department of Oncology

University of Torino

Regione Gonzole 10, 10043, Orbassano, Italy

paolo.bironzo@unito.it






Cover Letter

DIPARTIMENTO DI

ONCHEILOGIA

UNIVERSITA DEGLI STuDI DI TORINO

Orbassano, January26t", 2022

Dear Sir,

We would like to submit a new version of our manuscript "A systematic review and meta-
analysis of trials assessing PD-1/PD-L1 immune checkpoint inhibitors activity in pre-treated
advanced stage malignant mesothelioma” for publication on Critical Reviews in
Oncology/Hematology. This systematic review and meta-analysis aims at elucidating the
role of anti PD-1/PD-L1 monoclonal antibodies in pre-treated advanced malignant
mesothelioma in terms of response rate (RR) and disease control rate (DCR). We found that
these agents could led 18.1% RR and 55.4% DCR, with possibly higher activity in PD-L1
positive patients. Despite immune checkpoint inhibitors combinations in the first-line setting
are changing treatment approach in non-epithelioid tumors, patients with epithelioid
mesothelioma seem derive less benefit from this approach. Therefore, it is worth to
investigate the activity of single agent anti PD1/PD-L1 agents chemotherapy pre-treated
patients. Indeed, we think that our analysis could add more data in this evolving clinical
scenario. According to reviewer's comments we updated our original work submitted on
December 2020, by including new published studies. We also modified the discussion
section by highlighting novel evidences from recently published and presented trials. We
hope that this works would we considered of interest for the readers of Critical Reviews in
Oncology/Hematology.

This manuscript is not under consideration for publication to other journals.

Best regards

Paolo Bironzo, MD

Assistant Professor

Department of Oncology

University of Torino

Regione Gonzole 10, 10043, Orbassano, Italy

paolo.bironzo@unito.it






Detailed Response to Reviewers

Dear Sir,

according to reviewers’ comments we revised our manuscript. Moreover, we updated our meta-analysis by
including 3 more studies that have been published in the meantime. The attached manuscript has all
changes tracked. The following reviewers’comments have been addressed:

- “Albeit out of the scope of this metanalysis ("Search was made on Pubmed/Medline and Cochrane library
on September 13th, 2020”), the results of the recently published CONFIRM trial (Fennell et al. Lancet Oncol
2021) should be included, at least, in the Discussion. Similarly, the results of the recently published RAMES
trial should be discussed (Pinto C, et al. Lancet Oncol 2021)”. We thank reviewer for this valuable comment.
We updated our meta-analysis by including CONFIRM trial along with other 2 novel studies. Moreover, we
update previous selected series by retrieving data from more recent publications. CONFIRM results were
also included in the introduction. We also discussed RAMES trial in the discussion section of the
manuscript.

- “In the Discussion, the authors can more extensively explain the context of pretreated MPM, reporting in
more details the outcomes obtainable with single agent chemotherapy (see for example Petrelli F, et al.
Respir Med. 2018). This could be useful for readers less familiar with the topic”. We thank the reviewer for
his suggestion. We modified the discussion section by including the suggested reference as well as data
form the VIM phase 2 trial presented at 2021 ASCO Annual Meeting.

- “Ref. 32 can be updated with the results of the full paper, recently published on Cancer Discovery (doi:
10.1158/2159-8290.CD-21-0407)". We thank the reviewer for this comment. We updated the reference
accordingly.

- “KEYNOTE-158 data can be updated (Yap TA, et al. Lancet Respir Med. 2021)”. We appreciated reviewer’s
comment. We update data from KEYNOTE-158 in our work.

- “Recent studies showed that PD-L1 expression has a prognostic role in MPM (Brcic L, et al. Transl Lung
Cancer Res. 2021; Rrapaj E, et al. Pathology. 2021)”. We really appreciated this comment. We updated our
discussion by pointing out such data.

e “Quality of the images and graphical abstract is poor. Please reupload the relative files in a higher
quality format”. We thank reviewer for this comment. We uploaded images with higher quality.



Title Page WITH Author Information

A systematic review and meta-analysis of trials assessing PD-1/PD-L1 immune checkpoint

inhibitors activity in pre-treated advanced stage malignant mesothelioma

Marco Tagliamento®®”, Paolo Bironzo®", Hubert Curcio?, Emmanuele De Luca®, Daniele Pignatarof,

Simonetta G. Rapetti¢, Marco Audisio®, Valentina Bertaglia®, Chiara Paratore®, Maristella Bungaro®,

Emanuela Olmetto¢, Elisa Artusio®, Maria Lucia Reale¢, Clizia Zichi®, Enrica Capelletto, Simona

Carnio€, Lucio Buffonié, Francesco Passiglia®, Silvia Novello®, Giorgio Vittorio Scagliotti, Massimo Di

b)

d)

e)

f)

g)

Maio®

Department of Internal Medicine and Medical Specialties (Di.M.l.), IRCCS Ospedale

Policlinico San Martino, University of Genova, Largo Rosanna Benzi 10, 16132, Genova (lItaly)

Cancer Medicine Department, Institut Gustave Roussy, 114 Rue Edouard Vaillant, 94805

Villejuif (France)

Department of Oncology, AOU San Luigi Gonzaga, University of Torino, Regione Gonzole 10,

10043, Orbassano (ltaly)

Oncology Department, Centre Francois Baclesse, 3 Avenue Général Harris, Caen (France)

Department of Oncology, AOU Ordine Mauriziano, University of Torino, Largo Filippo Turati

62, 10128, Torino (ltaly)

Oncology Unit, Ospedale Cardinal Massaia, Corso Dante Aligheri 202, 14100, Asti (Italy)

Oncology Unit, Humanitas Gradenigo Hospital, Corso Regina Margherita 8, 10153, Torino

(Italy)

*Both Authors contributed equally to this work

Corresponding author

Paolo Bironzo

Department of Oncology, University of Turin, AOU San Luigi Gonzaga

Regione Gonzole 10, 10043, Orbassano (ltaly)



E-mail: paolo.bironzo@unito.it

Phone: +390119026865

Marco Tagliamento

Marco Tagliamento is a Medical Oncologist, PhD Student in Translational Oncology at the University
of Genova (Italy) and Research Fellow at Gustave Roussy (Villejuif, France). He is involved as a
researcher in clinical and translational studies in the field of thoracic malignancies. He is member of
the European Organization for Research and Treatment of Cancer (EORTC) Lung Cancer Group.
Paolo Bironzo

Paolo Bironzo, MD, PhD, is assistant professor at the Department of Oncology of the University of
Torino. His main research areas are thoracic tumours, especially lung cancer and pleural
mesothelioma. He is a member of the European Organisation for the Research and Treatment of
Cancer (EORTC) Lung Cancer Group Board and scientific secretary of the Italian Association of
Medical Oncology (AIOM) Clinical Practice Guidelines. He is actively involved in clinical and
translational research, including international collaborations, mainly on thoracic tumors. He is
author and co-author of several works in peer-reviewed journals. He is member of the Italian
Association of Medical Oncology (AIOM), International Association for the Study of Lung Cancer
(IASLC), and European Society of Medical Oncology (ESMO).

Hubert Curcio

Hubert Curcio, MD, is Assistant Professor of Medical Oncology at the University of Caen, France.
He is consultant in the Thoracic and Urologic Unit of the Department of Medical Oncology and co-
head of the Molecular Tumor Board at the Centre Francois Baclesse Comprehensive Cancer
Center. He is a member of the European Society of Medical Oncology (ESMO).

Emmanuele De Luca

Emmanuele De Luca is a Medical Oncologist at Humanitas Gradenigo, Turin, since February 2019.
On 22/07/2013 he gradutated from the University of Catania with a thesis entitled "Role of the
ATP7A gene in predicting the efficacy of therapy with platinum derivatives in patients with
malignant pleural mesothelioma™ On December 2019 he specialized in Medical Oncology at the
University of Turin the thesis: "Systematic review and meta-analysis of the literature of the efficacy
of immune checkpoint inhibitors in elderly patients with advanced solid cancer: the IMAGE
(IMmunotherapy and AGE) study”. His special interests are clinical and preclinical research in
thoracic and genitourinary tumors as well as melanoma. He participated as a speaker at numerous
conferences and have been involved in the writing of several thoracic oncology publications,
collaborating in the drafting of guidelines for the Oncological Network of Piedmont and Valle
D'Aosta.

Daniele Pignataro

Daniele Pignataro, MD, is a medical oncologist at Cardinal Massaia Hospital, Asti (Italy). His
clinical activity is focused on the management of patients with thoracic tumors. His research
interest is mainly focused on oncogene-addicted NSCLC and targeted therapies.

Simonetta G. Rapetti

Simonetta G. Rapetti, MD, is a pulmonologist at S. Luigi Gonzaga University Hospital, Orbassano
(Italy). Her clinical activity is mainly focused on clinical management of patients affected by
thoracic tumors. She is co-investigator of several clinical trials in thoracic malignancies. She is also
involved in prevention campaigns on smoking-related illnesses, including lung cancer.

Marco Audisio


mailto:paolo.bironzo@unito.it

Marco Audisio, MD, is a fellow in medical oncology at the University of Torino (Italy). He
graduated in Medicine at the University of Torino. He is involved in clinical management as well as
research in solid tumors.

Valentina Bertaglia

Valentina Bertaglia is a consultant in Medical Oncology in the Oncology Department at San Luigi
Hospital in Orbassano, University of Turin. In 2009, she graduated in Medicine and Surgery from
the University of Turin. In 2015 she completed her specialist training in Medical Oncology and, in
2019, the PhD programme in Experimental Medicine and Therapy at the University of Turin.
During her specialist training she worked as a Clinical Research Fellow with the lung and
melanoma team at The Christie in Manchester, UK. She is specialised in the treatment of thoracic
malignancies, including non-small cell lung cancer, small cell lung cancer, thymoma, thymic
carcinoma and mesothelioma. She is involved as co-investigator in many international and national
clinical trials evaluating new approaches for the diagnosis and treatment of lung cancer. She is a
member of the European Societies for Medical Oncology (ESMO) and Italian Association of
Medical Oncology (AIOM).

Chiara Paratore

Chiara Paratore, born in Catania on 22nd of April 1992. She graduated at medical school in 2016
with a degree score of 110 cum laude. She is a senior fellow in Medical Oncology at San Luigi
Gonzaga Hospital of Orbassano, University of Turin (Italy). Her main area of research is thoracic
oncology, with a focus on NSCLC and mesothelioma.

Maristella Bungaro

Maristella Bungaro is a senior fellow in Medical Oncology at the University of Torino, Italy. She
graduated in medicine at the University of Bari, Italy. Her main research interests include NSCLC,
especially oncogene-addicted tumors, and pleural mesothelioma.

Emanuela Olmetto

Emanuela Olmetto, MD, is a Radiation Oncologist at the Radiotherapy Unit of AOU Careggi of
Florence (Italy). She worked from 2019 to 2022 at the AOU San Luigi Gonzaga of Orbassano
(Italy), dealing with clinical trials concerning thoracic malignancies. She participated in national
and international clinical studies promoting research on lung cancer.

Elisa Artusio

Elisa Artusio, MD, is a Medical Oncologist at San Luigi Gonzaga Hospital. She graduated at the
University of Torino in 1994 and qualified as specialist in Medical Oncology in 1999. She worked
as oncologist at VValdese Hospital in Torino from 1999 to 2014. From 2014 she works as Medical
Oncologist at S. Luigi Gonzaga Hospital in Orbassano, Italy, where she is involved in clinical
management of patients with thoracic malignancies.

Her research experiences include: an internship at the Laboratory of Neurophysiology at the Department of
Human Anatomy and Physiology of the University of Torino; post-graduate student at the Research
Laboratory of Molecular and Cellular Biology, Department of Clinical Physiopathology, University of Torino;
postdoctoral fellowship at the Monitoring & Cellular Products Laboratory, Department of Pathology,
University of Pittsburgh Cancer Institute. USA.Her research interests include thoracic tumors and hereditary
cancer syndromes.



Maria Lucia Reale

Dr. Maria Lucia Reale, MD, is a research fellow in thoracic oncology at the San Luigi Hospital. She
graduated in Medicine at the University of Perugia in 2014 and obtained specialization in Medical
Oncology in 2020 at the University of Turin. Her research interests include gender differences in lung
cancer, quality of life evaluation, translational and clinical applied research on oncogene-addicted
lung cancers and their mechanisms of acquired resistances to targeted therapies. She is member of
different scientific societies (AIOM, ASCO, ESMO, IASLC). She is Member of the board directors
of the no-profit European Association WALCE (Women Against Lung Cancer in Europe).

Clizia Zichi

Clizia Zichi is a 34- years old Medical Oncologist, working in Turin, at Mauriziano Hospital. She
graduated in October 2013 at the University of Turin and then completed the Oncology training
speciality course in December 2019. Now she deals with gastrointestinal and neuroendocrine cancers,

with a special interest in thyroid cancers.

Enrica Capelletto

Enrica Capelletto, MD, is a pulmonologist at San Luigi Gonzaga Hospital. She is also a PhD student
in Biomedical Sciences and Oncology at the University of Torino (Italy). Her main research interest
is the prevention and treatment of thoracic tumors. She is actively involved in clinical research on

thoracic tumors. She is author and co-author of several publication in peer-reviewed journals.

Simona Carnio

Simona Carnio, MD, is a medical oncologist at San Luigi Gonzaga Hospital, Orbassano (Italy).
She is actively involved in clinical research and patients care. Her main research interests are
thoracic tumors, patients quality of life and treatment toxicity management. She is scientific
secretary for the Italian Association of Medical Oncology (AIOM) Clinical Practice Guidelines on

Cancer Survivorship. She is author of several publications on indexed journals.

Lucio Buffoni

Lucio Buffoni has been an Oncologist since 2004. Since then, he always dealt with thoracic pathology
including both lung cancer and tumors of the thymus and pleura. He always carried out his activity
as an oncologist at reference hospitals for the diagnosis and treatment of cancer and, specifically, his
main interest has always fallen on neoplasms of the thoracic district. The experience gained in these
excellent structures allowed him to hold responsibility positions at the head of working groups
dedicated to thoracic tumors. He was also responsible for the drafting and subsequent application of
courses dedicated to the diagnosis and treatment of lung and pleural cancers. In these hospitals, he
took part in research activities by participating in numerous national and international clinical trials.
He also participated both as first author and as co-author in the publication of about 30 articles in
international scientific peer-reviewed journals.

Francesco Passiglia

Francesco Passiglia, MD, PhD, is Associate Professor of Medical Oncology at the Department of
Oncology of the University of Turin, Italy. He is consultant at the Thoracic Oncology Unit of San



Luigi Hospital, Orbassano (Turin). Since October 2019 he is the scientific secretary of the Italian
Association of Medical Oncology (AIOM) Lung Cancer Clinical Practice Guidelines. He is member
of international scientific societies including the American Society of Clinical Oncology (ASCO),
the European Society of Medical Oncology (ESMO), the International Association for the Study of
Lung Cancer (IASLC). He is author of about 90 publications in peer-reviewed journals.

Silvia Novello

Silvia Novello, MD, PhD is Full Professor of Medical Oncology in the Oncology Department at San Luigi
Hospital in Orbassano, Italy, part of the University of Turin. She earned her medical degree and completed
the postgraduate training in Respiratory Medicine and Medical Oncology at the University of Turin and
partially at the Institut Gustave Roussy, in France. Currently, she is head of the Thoracic Oncology Unit at
the San Luigi Hospital, Orbassano (Turin), where she also tutors medical students and Postgraduate
students in Respiratory Medicine and Medical Oncology and Deputy Director of the Oncology Dept.

Prof. Novello’s research interests include thoracic malignancies, primary prevention, gender
differences in lung cancer, basic, translational and clinical applied research on lung cancer and
mesothelioma, including pharmacogenomics. She is involved as Pl in many International and national
controlled clinical trials evaluating new approaches in diagnosis and lung cancer therapy. From July
2012 until 2016, Prof Novello has been a Member of the Board of Directors of the International
Association for the Study of Lung Cancer and since October 2016 Member of the Board of Directors
of the Italian Association of Medical Oncology, past Secretary and now part of the EORTC Lung
Cancer Group and member of several scientific societies including the American Society of Clinical
Oncology, American Thoracic Society and the European Society of Medical Oncology. Currently,
she is the President of WALCE (Women Against Lung Cancer in Europe), a non profit European
Association founded in 2006 in Turin, Italy, part of the scientific Committee of LuCe (Lung cancer
Europe) and also member of the Scientific Committee of Bonnie J Addario Lung Cancer
Foundation and Member of the Scientific Committee of ICAPEM (Investigacion sobre Céancer de
Pulmén en Mujeres). She is the author or co-author of over 150 publications in peer-reviewed

journals.

Giorgio V. Scagliotti

Prof. Scagliotti is Professor of Oncology at the University of Torino and former president of the
International Association for the Study of Lung Cancer. He earned his medical degree and
completed the postgraduate training in Respiratory Medicine, Internal Medicine, and Medical
Oncology at the University of Torino. He is chief of the Medical Oncology Division at the S. Luigi
Hospital, Orbassano (Torino).

Massimo Di Maio



Massimo Di Maio is associate professor of Medical Oncology at Department of Oncology,
University of Turin, Italy, since 2014, and director of Medical Oncology at Mauriziano Hospital,
Turin, since 2016. In 1999, he obtained degree cum laude in Medicine and Surgery at the University
of Napoli “Federico II”, Italy. Four years later, in 2003, he graduated from the Specialty School in
Oncology at the same University. From 2000 to 2006 and from 2008 to 2014 he worked at the
Clinical Trials Unit of the National Cancer Institute “G.Pascale” Foundation, in Naples, Italy, where
he was involved in the planning, conducting and analysis of clinical trials. His main areas of interest
are: methodology of clinical trials in oncology, conduction of meta-analyses based on individual
patients’ data, patient-reported outcomes in clinical research and in clinical practice. Prof Di Maio
has been invited as speaker at many national and international meetings and has authored more than
340 publications in international peer-reviewed journals (H-Index November 2021: 45 according to
Scopus, 45 according to Web of Science). Additionally, Prof. Di Maio is an active member of the
Associazione Italiana di Oncologia Medica (Italian Society of Medical Oncology, AIOM) and the
European Society of Medical Oncology (ESMO). Between 2009 and 2013, Prof. Di Maio acted as
national coordinator of the AIOM Young Oncologists Working Group. Between 2013 and 2017, he
was councillor (member of the National Board) of AIOM. Since October 2019, he is AIOM

National Secretary.



Manuscript WITHOUT Author Identifiers Click here to view linked References %

A systematic review and meta-analysis of trials assessing PD-1/PD-L1 immune checkpoint
inhibitors activity in pre-treated advanced stage malignant mesothelioma

Abstract

Introduction

Advanced stage malignant mesothelioma (asMM) patients have poor prognosis. Several trials
investigated the role of programmed cell death protein-1 (PD-1) and its ligand 1 (PD-L1) immune

checkpoint inhibitors (ICls) in pre-treated asMM.

Methods

A systematic review of the literature of clinical trials testing single-agent anti PD-1/PD-L1 ICls in
pre-treated asMM was performed. Objective response rate (ORR), disease control rate (DCR),
progression-free survival (PFS) and overall survival (OS) data were extracted. The predictive role of

PD-L1 was assessed.

Results

We selected 10 studies including 497 patients. ORR and DCR were 20.1% (95% confidence interval
[Cl] 16.8-23.9) and 54.6% (95% Cl: 50.2-59.0), respectively. Median PFS and OS ranged from 2.5 to
6.1 and from 6.36 to 20.9 months, respectively. ORR according to PD-L1 expression ranged from
19% to 55.5%.

Conclusions

Anti-PD-(L)1 ICIs might be considered a treatment option for chemotherapy-resistant asMM, even

if reliable predictive factors are still lacking.
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Mesothelioma; immune checkpoint inhibitors; nivolumab; pembrolizumab; avelumab
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MM: malignant mesothelioma
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PD-L1: programmed death-ligand 1

asMM: advanced stage malignant mesothelioma
mAbs: monoclonal antibodies

ASCO: American Society of Clinical Oncology
ESMO: European Society of Medical Oncology
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BAP1: BRCA1 associated protein 1
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1. Introduction

Malignant mesothelioma (MM) is a rare and aggressive tumour of mesothelial surfaces. Asbestos
exposure is the main risk factor, even if this neoplasm can occur in non-exposed subjects and rarely
can be due to germline mutations.! The combination of platinum and pemetrexed is the standard
systemic first-line treatment, providing a small although significant survival benefit as compared to
platinum alone, and better symptom control.? Recently, in one randomized study the addition of
bevacizumab improved progression-free and overall survival (PFS and OS) as compared to
chemotherapy alone.? Overall clinical results are still modest, claiming for novel approaches to
significantly ameliorate the survival of MM patients. In the last few years, immune checkpoint
inhibitors (ICls) radically changed treatment paradigm of many solid tumours. While cytotoxic T-
lymphocyte antigen-4 (CTLA-4) directed agents did not confer any benefit in advanced MM, * several
trials and case-series suggest that programmed cell death protein-1 (PD-1) and programmed death-
ligand 1 (PD-L1) antagonists may increase survival in pre-treated advanced stage MM (asMM)
patients.” However, such results are still debated because the only randomized trial did not show
survival differences between pembrolizumab and single agent chemotherapy. To this end, we
performed a systematic review and meta-analysis to define the activity and efficacy of PD-1/PD-L1

monoclonal antibodies (mAbs) in pre-treated asMM patients.

2. Material and Methods

2.1 Trial identification criteria
We identified all clinical trials testing ICls in pre-treated asMM as single-agent in single-arm as well
as multi-arm studies. The following Mesh terms were used: “mesothelioma”, “mesothelioma,
malignant”, “atezolizumab”, “avelumab”, “durvalumab”, “nivolumab”, “pembrolizumab”. Search
was made on Pubmed/Medline and Cochrane library on September 13", 2020. Papers published in
peer-reviewed journals and in English language were selected. We also searched proceedings of
major International meetings such as American Society of Clinical Oncology- ASCO annual meetings,
European Society of Medical Oncology- ESMO annual meetings, International Association for the
Study of Lung Cancer- IASLC World Conferences on Lung Cancer, European Lung Cancer Congress-
ELCC from 2014 onwards for relevant abstracts. When more than one report of the same study was

available, the most recent data (with longer follow-up and/or higher number of patients) were

considered (Figure 1).



2.2 Aims of the meta-analysis

- (i) To evaluate the activity of single-agent PD-1/PD-L1 directed ICIs in chemotherapy pre-
treated asMM in terms of objective response rare (ORR) and disease control rate (DCR);

- (ii) To evaluate the efficacy of single-agent PD-1/PD-L1 directed ICIs in chemotherapy pre-
treated asMM in terms of PFS and OS;

- (iii) To explore the potential role of PD-L1 expression as a predictive marker of activity. For
this aim, the ORR and DCR analyses were repeated in the subgroup of patients included,
within each trial, in the highest category of PD-L1 expression (even if with heterogeneous

methods and cut-offs).

2.3 Data extraction for the meta-analysis

The following data were extracted from each study: (a) first author, phase of the study, and year of
publication; (b) type of ICIs agent and number of patients assigned to the experimental treatment;
(c) percentage of patients treated in second-line; (d) site of MM (pleural vs peritoneal vs others) and
histology; (e) median follow-up and range; (f) ORR (number of patients obtaining objective
response) in the whole study population and in the “PD-L1 high” subpopulation; in the randomized
trial, ORR was collected for both treatment arms in order to calculate odds ratio; (g) DCR (number
of patients obtaining objective response or disease stabilization) in the study population and in the
“PD-L1 high” subpopulation; in the randomized trial, DCR was collected for both treatment arms in
order to calculate odds ratio; (g) median PFS and median OS; in the randomized trial, hazard ratio
(HR) and 95% confidence interval (Cl) of experimental treatment compared to control arm, in the
intention to treat population, were collected.

To obtain a quantitative measure of the degree of heterogeneity among studies included in the
analysis, the Higgins |2 index was computed. The likelihood of publication bias was assessed by both
Egger’s and Begg’s tests. The MedCalc® Statistical Software version 19.6 (MedCalc Software Ltd,

Ostend, Belgium; https://www.medcalc.org; 2020) was used for statistical analyses.

3. Results
3.1 Systematic review of the literature

3.1.1 Atezolizumab



No results from clinical trials evaluating the anti PD-L1 mAb atezolizumab in pre-treated asMM
were found. However, a single-arm phase trial with atezolizumab in this population is ongoing

[NCT 03786419].

3.1.2 Avelumab

Avelumab, a humanized anti-PD-L1 IgG1 mAb, has been evaluated in MM within the phase Ib
JAVELIN trial.® Fifty-three patients with unresectable pre-treated MM received avelumab 10
mg/Kg every two weeks (q2w). Median age was 67 years (range 32-84), and median number of
previous lines was 2 (range 1-8). Thirty-two patients (60%) were male, and 39 (74%) had an
Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 1. Most patients had
epithelioid histology (n:43, 81%). PD-L1 expression, evaluated with Dako PD-L1
immunohistochemistry (IHC) 73-10 pharmDx, was 21% in 21 patients (40%), negative in 22
patients (42%), not evaluable in 10 (19%). High PD-L1 expression( 25% of positive tumour cells)
was reported in 16 patients (30%), while 27 (51%) had a low/negative expression. The median
duration of treatment (DoT) was 2.8 months (range 0.9-28.1), with a median of 6 delivered doses
(range 2-59). At a median follow-up of 24.8 months (range 16.8-27.8), the ORR (by Response
Evaluation Criteria in Solid Tumours- RECIST 1.1) was 9% (95% Cl: 3.1-20.7) and the DCR was 58%
(n:31). Median PFS and OS were 4.1 (95% Cl: 1.4-6.2) and 10.7 (95% Cl: 6.4-20.2) months,
respectively. ORR was higher in PD-L1 high (19%, 3 out of 16 patients; 95% Cl: 4.0-45.6) than in
low/negative patients (7%, 2 out of 27 patients; 95% Cl: 0.9-24.3) (p=0.34). Median PFS for PD-
L1 high and PD-L1 low/negative patients was 5.3 (95% Cl: 1.4-17.8) and 1.7 (95% Cl: 1.4-8.3)
months, respectively, while median OS was 20.2 (95% Cl: 4.9-not estimable) and 10.2 (95% Cl:
3.8-21.0) months, respectively. Using a 1% cut-off for PD-L1 positive (PD-L1+) and negative (PD-
L1-) definition, ORR was 14% (3 patients; 95% Cl: 2.9-34.9) and 10% (2 patients; 95% Cl: 1.2-
30.4), respectively (p= 1.00). In PD-L1+, the median PFS was 5.3 months (95% Cl: 1.4-12.0) as
compared to 1.6 months in PD-L1- patients (95% Cl: 1.4-6.8). The median OS was 20.2 months
(95% Cl: 6.1- not estimable) and 7.5 months (95% Cl: 3.8-21.0) in PD-L1+ and PD-L1-,

respectively.

3.1.3 Durvalumab

No results from clinical trials evaluating the anti PD-L1 mAb durvalumab in pre-treated asMM

were found. This agent has been studied in 2 single-arm phase 2 trials combined with



chemotherapy in treatment-naive, unresectable malignant pleural mesothelioma (MPM)
patients.”® A phase 3 randomized trial comparing cisplatin plus pemetrexed plus durvalumab

versus cisplatin plus pemetrexed is initiating enrolment [NCT 04334759].

3.1.4 Nivolumab

The fully human anti-PD-1 Ig G4 mAb nivolumab has been studied in MM alone or in combination
with anti-CTLA-4 mAbs. Nivolumab was administered at 3 mg/kg q2w in a single-arm, single-
centre, phase Il trial in advanced stage MPM patients progressing to at least one prior
chemotherapy, with ECOG-PS 0-1.° Tumour assessment was performed by RECIST modified for
MM (mRECIST) and immune RECIST (iRECIST). The DCR at 12 weeks was the primary end-point.
The study enrolled 38 patients, 34 received nivolumab. Median age was 67 years (range 50-81),
82% (n:28) were male, 47% (n:16) had ECOG-PS 1, 82% (n:28) had epithelioid histology, and most
had stage | to Il disease (n:24, 71%). All but one patient received second-line nivolumab. The
median number of administered doses was 7, the median DoT was 2.8 months. The 12 weeks
DCR was 47% (95% Cl: 30-65), with 8 partial responses (PR) (24%; 95% Cl: 11-42) and another
patient PR after 18 weeks, leading to 26% ORR. Three pseudo-progressions were observed. At a
median follow-up of 27.5 months (95% Cl: 19.3-not reached), median duration of response (DoR)
was 7.0 months, while median PFS and OS were 2.6 (95% Cl: 2.23-5.49) and 11.8 (95% Cl: 9.7-
15.7) months, respectively. Nine cases (27%) were PD-L1+ (cut-off 1% by 28-8 antibody), mostly
epithelioid. Among them, clinical benefit (PR or long-term stable disease- SD) was observed in 5
(55%), with 4 experiencing PR. Overall, 8 out of 23 (34.8%) evaluable PD-L1- patients had clinical
benefit.

The single-arm phase 2 trial MERIT had a similar design differing for the nivolumab dose (240
mg q2w) and the number of previous chemotherapy lines (no more than 2, including platinum-
pemetrexed combination).!® The primary end-point ORR was centrally assessed by mRECIST.
Thirty-four patients were enrolled, the median age was 68 years, 79% (n:27) had epithelioid
histology. Median DoT was 6.8 months (median number of doses: 12.5). At a median follow-up
of 12.8 months, ORR was 29% (95% Cl: 16.8-46.2) and DCR was 68% (95% Cl: 50.8-80.9). Median
OS and PFS were 17.3 (95% Cl: 11.5-not reached) and 6.1 (95% Cl: 2.9-9.9) months, respectively.
59% of patients (n:20) was PD-L1+ (cut-off 1% by 28-8 antibody), 12% (n:4) PD-L1-, in 6% (n:2)
not evaluable. ORR was higher in PD-L1+ patients as compared to PD-L1- (40% vs 8%,

respectively), with similar trends using higher cut-offs (5% and 10%). At the same time, PD-L1+



patients had longer OS (HR 0.542; 95% Cl: 0.208-1.415, p=0.2021) and PFS (HR 0.725; 95% Cl:
0.316-1.668, p=0.4490) as compared to PD-L1-.

Single agent nivolumab was also investigated in a randomized phase Il, non-comparative,
multicentre trial (MAPS-2).1! This study enrolled patients with MPM, already treated with one
or two lines of chemotherapy. Patients were randomized 1:1 to nivolumab or nivolumab plus
ipilimumab. Nivolumab was administered at 3 mg/Kg dose g2w. Disease assessment was
performed every 12 weeks (mRECIST criteria), with central revision. PD-L1 expression was
assessed using 28-8 pharmDx (n:99) and SP-263 clones (n:104), with high expression defined as
225% or 250% tumour cells expressing PD-L1. An exploratory cut-off threshold was defined on
results from a post-hoc analysis. The primary end-point was DCR at 12 weeks, secondary
objectives included OS and PFS. Among the 132 recruited patients, 68 were randomized to single
agent nivolumab and 63 received the treatment. The median age was 72.3 years, most of the
patients were male (75%), had stage Ill or IV disease (89%), while only 30% had ECOG-PS 0. Fifty-
two patients (83%) had epithelioid histology, 44 (70%) had received one previous line. After a
median follow-up of 20.1 months, the 12 weeks DCR was 44% (95% Cl: 31-58), while the ORR
was 19% (95% Cl: 8-29). In the intention-to-treat population, the response rate (RR) was 17.5%
(95% Cl: 8-1-26.8), while the DCR at 12 weeks was 40% (95% Cl: 28-52). The median DoR was 7.4
months (95% Cl: 4.1-11.9), while median PFS and OS were 4.0 (95% Cl: 2.8-5.7) and 11.9 (95%
Cl: 6.7-17.7) months, respectively. The subgroup analysis of ORR and DCR by PD-L1 expression
were not reported separately by treatment. Overall, the ORR was significantly higher in PD-L1+
patients (using 1% cut-off with both clones) in both arms, while the 12 weeks DCR was not. Using
a 25% cut-off for high expressors, both RR and DCR were significantly higher in patients with
high PD-L1 expression as assessed by both clones.

Domoulin et al. reported real-world data about 59 patients affected by MPM treated with
nivolumab 3 mg/Kg q2w.?? All patients were pre-treated with at least one prior platinum-
antifolate regimen (54 treated in second-line). Median age was 72 years (range 50-83), 90% of
patients were male, 95% with ECOG-PS 0-1. Forty-one patients had epithelioid histology. Median
PFS and OS were 2.64 and 6.36 months, respectively, and ORR was 12% by mRECIST.

Another series reported 27 patients with asMM treated with nivolumab 3mg/Kg q2w. The
median age of 25 evaluable patients was 67 years (range 38-89), 72% were male, 56% had ECOG-
PS >2, 76% had epithelioid histology.'®> Median PFS was 5 months, the ORR was 24% by RECIST



1.1 with a DCR of 60% in the whole group. Patients with PD-L1 21% and <1% had a DCR of 63%
and 55%, respectively.

Early results of a retrospective single-centre Japanese series including 79 patients (78.7% males,
n:63) with MPM and treated with nivolumab as second- (63.2%), third- (19%) or >fourth-line
(17.8%) were presented.'* 21.5% (n=17) had an ECOG-PS >2, 81% (n=64) had epithelioid
histology. Among 71 patients considered for efficacy, the ORR (by mRECIST) and DCR were 26.8%
and 66.2%, respectively. ORR were 22.8%, 55.6%, and 20% for epithelioid, sarcomatoid, and
biphasic MPM, respectively. At a median follow-up of 13.3 months (range 4.2-18.9), median PFS
and OS were 4.1 and 14.3 months, respectively. At multivariate analysis, PS >2 was an
independent negative factor for both PFS (HR 2.6; 95% Cl: 1.46-4.62) and OS (HR 2.33; 95% ClI:
1.30-4.15).

A randomized, double-blind, placebo-controlled clinical trial comparing nivolumab with placebo

in previously treated MM is currently ongoing (CONFIRM Study, NCT 03063450).

3.1.5 Pembrolizumab

Pembrolizumab is a humanised Ig G4 mAb directed against PD-1. The phase IB KEYNOTE-028
study was a multicentre, non-randomised, open-label, multicohort trial of pembrolizumab in
patients with advanced solid tumours with PD-L1 expression (>1%, tested with 22C3 clone).*®
Among 38 MPM patients, 25 received pembrolizumab 10 mg/Kg g2w for a maximum of 24
months. The primary end-points were safety, tolerability and ORR (by RECIST based on
investigator review); PFS, OS and DoR were secondary end-points. Eighteen (72%) patients had
epithelioid MPM. At a median follow-up of 18.7 months, ORR was 20% (95% Cl: 6.8-40.7) and
the clinical benefit rate (defined as complete response plus PR plus SD for 6 months or more)
was 40% (95% Cl: 21.1-61.3). The DCR was 72%. Of note, two additional patients had a reduction
in tumour size of more than 30% but were not included in the confirmed ORR as they did not
have a subsequent confirmatory imaging. Median PFS and OS were 5.4 (95% Cl: 3.4-7.5) and 18
(95% ClI: 9.4-not reached) months, respectively.

A registry study enrolled 93 patients with unresectable MPM, both untreated and previously
treated with chemotherapy.'® Data collection was retrospective, with PD-L1 evaluation by SP263
clone or by E1IL3N clone. Pembrolizumab was administered at different doses (200 mg q3w or
g2w, 10 mg/Kg q2w, 2 mg/Kg g2w or g3w). Sixty-six patients (71%) had ECOG-PS 0-1, the median

age was 68 years (range 25-94), most patients were male (91%, n:85), 67 (73%) had epithelioid
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histology. Four patients received pembrolizumab as first-line, 48 as second-line (52%), and 41
(48%) as third-line or subsequent. At a median follow-up of 9 months, the ORR was 18% and the
DCR was 48% in the whole cohort. Median PFS and OS were 3.1 (95% Cl: 2.6-6.4) and 7.2 (95%
Cl: 4.9-10.0) months, respectively. PD-L1 expression was associated with ORR and DCR at the
univariate analysis but not at the multivariate analysis.

Desai et al. conducted a two-part, phase ll, single-centre, non-randomised trial enrolling patients
with MM.Y” The part A enrolled 35 unselected patients to determine the ORR to pembrolizumab
(200 mg g3w) and to find the optimal PD-L1 cut-off for positivity (22C3 clone). The part B was
initiated when 7 responses were reported in part A, and intended to use a biomarker
enrichment strategy for PD-L1. However, as no PD-L1 cut-off was established in part A, part B
enrolled 30 patients irrespective of PD-L1 level. All enrolled patients previously received at least
one previous line of therapy, including platinum and pemetrexed, but no more than 2 systemic
regimens. eTh median age was 68 years (range 26-85), 77% were male, and 53% had ECOG-PS
0. 77% had epithelioid histology, 88% had pleural mesothelioma while 12% had peritoneal, and
61% had already received one previous systemic treatment. Disease assessment was performed
by mRECIST. ORR was 22% and DCR was 63%. Median PFS and OS were 4.1 and 11.5 months,
respectively. PD-L1 expression 250% was associated with higher RR and longer median PFS.
The cohort study by Cengel et al enrolled 82 patients and evaluated ORR (by mRECIST), PFS and
0S.*® Median age was 72 years, and 59 were male. Sixty-three patients had epithelioid histology,
42 treated in second-line. PD-L1 expression was not determined in 45 patients, <1% in 16, and
>1% in 21. Median OS of the entire population was 8.5 months, median PFS 4.2 months, ORR
25%, and DCR 71%.

In 2019, the results of a phase lll, open-label, randomized PROMISE-meso trial have been
presented.'® This trial randomized 1:1 MPM patients, who progressed to platinum-based
chemotherapy, to receive either pembrolizumab 200 mg g3w or chemotherapy based on
investigator choice (gemcitabine or vinorelbine). Histological subtype (epithelioid vs non-
epithelioid) was the only stratification factor, while PD-L1 expression was exploratory. The
primary end-point was PFS (assessed by blinded independent central review), and secondary
end-points were ORR (by RECIST 1.1), time to treatment failure, OS, investigator-assessed PFS
and adverse events. The study enrolled 144 patients (73 treated with pembrolizumab, 50.7%),
90% with epithelioid histology, 80% males. After a median follow-up of 11.8 months,

pembrolizumab arm showed a median PFS of 2.5 months as compared to 3.4 months of the
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control (HR 1.06, 95% Cl: 0.73-1.53, p=0.76 stratified by histological subtype). Pembrolizumab
led to a superior ORR (22% vs 6%, p=0.004), while the median DoR was higher with
chemotherapy (11.2 months vs 4.6 months). Median OS was 10.7 and 11.7 months in the
experimental and control arm, respectively (HR 1.04, 95% Cl: 0.66-1.67, p=0.85), without
differences even after adjusting for cross-over. The DCR in the pembrolizumab group was 45%,
with 16 patients achieving PR and 17 SD. No differences were observed neither in median PFS
nor in OS according to PD-L1 expression (TPS <1% vs 21%).

A retrospective single-centre cohort study of pembrolizumab in MPM included 13 non-papillary
peritoneal tumours, all pre-treated with chemotherapy.?° Median age of enrolled patients was
65.6 years, 62% had known asbestos exposure. Histology was epithelioid in 70% of cases. ORR
was 18%, while DCR was 81%. Median PFS and OS were 5.7 and 20.9 months, respectively. No
differences in PFS were observed comparing epithelioid histology vs others, or by PD-L1 status
(positive vs negative, median PFS 5.1 vs 5.7 months respectively, p=0.73).

Another retrospective real-world study included 98 patients with MM (95 pleural, 3 peritoneal)
treated with pembrolizumab.?! Median age was 70 years (range 46-91), most patients were male
(92%) and with ECOG-PS of 0-1 (78%), 76% had epithelioid histology. Four patients received
pembrolizumab as first-line because unfit for chemotherapy, while the others were
chemotherapy pre-treated (64% one previous line). Pembrolizumab was administered at 200
mg q3w (73%) or at 2 mg/Kg q3w (27%), the median number of cycles was 6 (range 1-35). PD-L1
was assessed with. Using a 1% cut-off, PD-L1 expression (E1L3N clone) resulted negative in 46%,
positive in 32%, while for remaining data was missing. ORR was 18% (95% Cl: 12-28%) as per
investigator-assessed mRECIST, and DCR 56% (95% Cl: 47-66). The median PFS and OS were 4.8
(95% CI: 3.6-6.2) and 9.5 (6.6-13.7) months, respectively. PD-L1 expression and BRCA1l
associated protein 1 (BAP1) loss were not associated with objective response, although ORR was
numerically higher in PD-L1+ patients (23% vs 11%) and those with BAP1 loss (20% vs 13%).
Finally, 4 patients affected by asMM were enrolled into the Keynote-158 trial, a phase 2 study
assessing the efficacy of pembrolizumab in patients with non-colorectal high microsatellite
instability/mismatch repair deficient tumours.?> Among 233 enrolled patients, ORR was 34.3%
(95% Cl: 28.3-40.8) and the median PFS and OS were 4.1 (95% Cl: 2.4-4.9) and 23.5 (95% Cl: 13.5-

not reached) months, respectively. However, data about patients with asMM are not available.

3.2 Meta-analysis



12

We selected 10 studies including 497 patients, most with pleural MM.6912141517,19,20 Tapje 1
summarizes the main characteristics of the selected trials. Four studies were excluded due to
the inclusion of treatment naive patients,'>161821 while one study because no data on asMM
patients were available.?? The analysis of patients from the phase Il PROMISE-meso trial was
restricted to those assigned to pembrolizumab (n:73).1° Data on responses were available for
487 patients, irrespective of PD-L1 levels. A total of 434 patients (89.1%) received anti-PD-1
inhibitors (nivolumab [N] or pembrolizumab [P]), while 53 (10.9%) were treated with avelumab
(A) [Table 1]. In aggregate, ORR was 20.1% (95% Cl: 16.8-23.9%) with no significant differences
between drugs (N:21.5%, P:21.4%, A:9.4%; p=0.121. 1°=26.18%, p=0.2027) [Figure 2]. DCR was
54.6% (95% Cl: 50.2-59.0%) without significant differences between agents (N:51.7%, P:57.8%,
A:58.5%; p=0.385. 1°=68.14%, p=0.0009) [Figure 2]. In unselected patients, the median PFS
ranged from 2.5 to 6.1 months, while the median OS from 6.36 to 20.9 months. Tumour
response according to PD-L1 expression were reported in 6 out of 10 studies, with PD-L1
positivity defined using heterogeneous cut-offs depending of each different trial (ranging from
1% to 50%).°7141>17 This subgroup included 125 and 131 patients, depending on the clone
adopted in the study by Scherpereel et al. (n: 125 for 28-8, n: 131 for SP-263) [Table 2].}! ORR
was 34.4% (95% Cl: 26.7-43.1%. 12=28.52%, p=0.2210) and 32.1% (95% Cl: 24.7-40.5%.
12=22.23%, p=0.2667), respectively, although it ranged from 19% to 56% in different studies

[Figure 3]. No publication biases were found at a significance level < 0.05 [Figure 4, Figure 5].

4. Discussion

The present study performed a systematic review and meta-analysis to evaluate the activity of
anti-PD-1/PD-L1 in pre-treated asMM in terms of ORR and DCR. Notably, higher efficacy is
observed in tumours whose aetiology is associated to carcinogens exposure.?>2> Therefore, the
assessment of the efficacy of ICls in asMM finds a rationale as most of the cases are related to
asbestos exposure. Unfortunately, most of the studies about ICls in asMM do not report this
information. At the same time, MM is partially resistant to cytotoxic chemotherapy and second-
line treatments have never formally demonstrated to increase survival as compared to best
supportive care. Indeed, international guidelines suggest the treatment with vinorelbine or
gemcitabine in pre-treated patients, reporting ORR between 7% and 16%.2630 The present
meta-analysis indicates that ICls provide an ORR of 20.1% and a DCR of 54.6%, without

significant differences between drugs. Overall, the heterogeneity between the studies was low
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when evaluating the ORR, both in the entire population and in patients whose tumours
expressed PD-L1, while the heterogeneity was significant for the evaluation of the DCR. We did
not found significant evidence of publication bias.

However, the results of the phase 3 PROMISE-meso trial showed that, despite the higher ORR
with pembrolizumab, no survival differences were observed as compared to single agent
chemotherapy in pre-treated advanced stage MPM.? Notably, this trial was designed with PFS
as primary end-point. OS events were 71 at the time of the analysis, leading to a 16% statistical
power for a HR of 0.8, meaning that the study was not powered to allow meaningful conclusion
about OS. Indeed, the interpretation of these results is challenging. Since most of the studies
included in our meta-analysis lack of a comparison arm, we were not capable to compare ICls
with single-agent chemotherapy. However, to our knowledge, ORR has never been
demonstrated to be a surrogate marker of survival in MM. Moreover, the selected trials have
used different criteria for response evaluation such as mRECIST and iRECIST, and some of the
considered cases did not have independent assessment. For this latter reason, as most studies
were single-arm trials, observer bias could not be ruled out.

The present meta-analysis suggests that PD-L1+ tumours might better respond to single-agent
immunotherapy. However, trials are highly heterogeneous when accounting for PD-L1
evaluation because different IHC clones and cut-offs were used, so that these data should be
taken with caution. Moreover, a recent publication reported that the antigenic potential of
mesothelioma could be better predicted by other factors, including chromosomal
rearrangements (chromoplexy and chromothripsis).3! Such interesting data deserve more
studies in the context of ICIs therapy for MM. Adoptive immunotherapy as well as vaccines,
alone or in combination with ICls, are another active field of investigation. Preliminary results of
a phase | study of intrapleural injection of mesothelin-targeted chimeric antigen receptor T-cell
(CAR-T) therapy, with or without anti PD-1 agents, showed 63% RR in 18 asMM patients, 37% of
which already treated with 3 or more lines of therapy.3? The treatment landscape of asMM is
therefore expected to change, and immunotherapy may have a pivotal role both in treatment-
naive and pre-treated patients. The recent results of the Checkmate 743 trial, showing that
nivolumab plus ipilimumab led to significantly longer OS as compared to platinum plus
pemetrexed in untreated unresectable MPM, are starting this paradigm shift.3®> Non-epithelioid
tumors seem to derive the most benefit. Unfortunately, due to the lack of specific data, we could

not evaluate the activity of single-agent ICls in different histologies. As results of other ongoing
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studies are eagerly awaited, our meta-analysis suggests that anti-PD-(L)1 agents might be useful

in some chemotherapy pre-treated patients, even if reliable predictive factors are still lacking.



15

References

10.

11.

Carbone M, Adusumilli PS, Alexander HR, et al. Mesothelioma: Scientific clues for prevention,
diagnosis, and therapy. CA A Cancer J Clin. 2019;69(5):402-429. doi:10.3322/caac.21572

Vogelzang NJ, Rusthoven JJ, Symanowski J, et al. Phase Ill Study of Pemetrexed in Combination
With Cisplatin Versus Cisplatin Alone in Patients With Malignant Pleural Mesothelioma. JCO.
2003;21(14):2636-2644. doi:10.1200/JC0.2003.11.136

Zalcman G, Mazieres J, Margery J, et al. Bevacizumab for newly diagnosed pleural
mesothelioma in the Mesothelioma Avastin Cisplatin Pemetrexed Study (MAPS): a
randomised, controlled, open-label, phase 3 trial. The Lancet. 2016;387(10026):1405-1414.
d0i:10.1016/50140-6736(15)01238-6

Maio M, Scherpereel A, Calabro L, et al. Tremelimumab as second-line or third-line treatment
in relapsed malignant mesothelioma (DETERMINE): a multicentre, international, randomised,
double-blind, placebo-controlled phase 2b trial. The Lancet Oncology. 2017;18(9):1261-1273.
doi:10.1016/51470-2045(17)30446-1

Forde PM, Scherpereel A, Tsao AS. Use of Immune Checkpoint Inhibitors in Mesothelioma. Curr
Treat Options in Oncol. 2019;20(2):18. doi:10.1007/s11864-019-0613-x

Hassan R, Thomas A, Nemunaitis JJ, et al. Efficacy and Safety of Avelumab Treatment in Patients
With Advanced Unresectable Mesothelioma: Phase 1b Results From the JAVELIN Solid Tumor
Trial. JAMA Oncol. 2019;5(3):351. doi:10.1001/jamaoncol.2018.5428

Nowak AK, Lesterhuis WJ, Hughes BGM, et al. DREAM: A phase Il study of durvalumab with
first line chemotherapy in mesothelioma—First results. JCO. 2018;36(15_suppl):8503-8503.
d0i:10.1200/JC0.2018.36.15_suppl.8503

Forde PM, Sun Z, Anagnostou V, et al. PrEQ505: Phase Il multicenter study of anti-PD-L1,
durvalumab, in combination with cisplatin and pemetrexed for the first-line treatment of
unresectable malignant pleural mesothelioma (MPM)—A PrECOG LLC study. JCO.
2020;38(15_suppl):9003-9003. doi:10.1200/JC0.2020.38.15_suppl.9003

Quispel-Janssen J, van der Noort V, de Vries JF, et al. Programmed Death 1 Blockade With
Nivolumab in Patients With Recurrent Malignant Pleural Mesothelioma. Journal of Thoracic
Oncology. 2018;13(10):1569-1576. doi:10.1016/].jtho.2018.05.038

Okada M, Kijima T, Aoe K, et al. Clinical Efficacy and Safety of Nivolumab: Results of a
Multicenter, Open-label, Single-arm, Japanese Phase Il study in Malignant Pleural
Mesothelioma (MERIT). Clin Cancer Res. 2019;25(18):5485-5492. doi:10.1158/1078-0432.CCR-
19-0103

Scherpereel A, Mazieres J, Greillier L, et al. Nivolumab or nivolumab plus ipilimumab in patients
with relapsed malignant pleural mesothelioma (IFCT-1501 MAPS2): a multicentre, open-label,
randomised, non-comparative, phase 2 trial. The Lancet Oncology. 2019;20(2):239-253.
d0i:10.1016/51470-2045(18)30765-4



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

16

Dumoulin D, Cantini L, Belderbos R, Mercieca D, Cornelissen R, Aerts J. MA05.09 Real-World
Data of Nivolumab and Pembrolizumab in Chemotherapy Pre-Treated Mesothelioma Patients.
Journal of Thoracic Oncology. 2019;14(10):5267. do0i:10.1016/j.jtho.2019.08.535

Hamad H, Shafi S, Lenge De Rosen V, Zhang J. A real-world experience of nivolumab in
advanced malignant  mesothelioma (MM). JCO. 2018;36(15_suppl):8569-8569.
d0i:10.1200/JC0.2018.36.15_suppl.8569

Mikami K, Yokoi T, Takahashi R, et al. Efficacy and safety of nivolumab for malignant
mesothelioma in the real world. JCO. 2020;38(15_suppl):9052-9052.
d0i:10.1200/JC0.2020.38.15_suppl.9052

Alley EW, Lopez J, Santoro A, et al. Clinical safety and activity of pembrolizumab in patients
with malignant pleural mesothelioma (KEYNOTE-028): preliminary results from a non-
randomised, open-label, phase 1b trial. The Lancet Oncology. 2017;18(5):623-630.
doi:10.1016/S1470-2045(17)30169-9

Metaxas Y, Rivalland G, Mauti LA, et al. Pembrolizumab as Palliative Immunotherapy in
Malignant Pleural Mesothelioma. Journal of Thoracic Oncology. 2018;13(11):1784-1791.
doi:10.1016/j.jtho.2018.08.007

Desai A, Karrison T, Rose B, et al. OA08.03 Phase Il Trial of Pembrolizumab (NCT02399371) In
Previously-Treated Malignant Mesothelioma (MM): Final Analysis. Journal of Thoracic
Oncology. 2018;13(10):5S339. d0i:10.1016/j.jtho.2018.08.277

Cengel K, Katz S, Roshkovan L, et al. MA05.10 Pembrolizumab in the Treatment of Patients with
Malignant Pleural Mesothelioma Following Progression After Initial Chemotherapy. Journal of
Thoracic Oncology. 2019;14(10):5267-S268. doi:10.1016/j.jth0.2019.08.536

Popat S, Curioni-Fontecedro A, Polydoropoulou V, et al. A multicentre randomized phase |l
trial comparing pembrolizumab (P) vs single agent chemotherapy (CT) for advanced pre-
treated malignant pleural mesothelioma (MPM): Results from the European Thoracic Oncology
Platform (ETOP 9-15) PROMISE-meso trial. Annals of Oncology. 2019;30:v931.
doi:10.1093/annonc/mdz394.091

Marmarelis ME, Wang X, Roshkovan L, et al. Real-world outcomes of pembrolizumab in
peritoneal mesothelioma. JCO. 2020;38(15_suppl):e21094-e21094.
d0i:10.1200/JC0.2020.38.15_suppl.e21094

Ahmadzada T, Cooper WA, Holmes M, et al. Retrospective evaluation of the use of
pembrolizumab in malignant mesothelioma in a real-world Australian population. JTO Clinical
and Research Reports. Published online July 2020:100075. doi:10.1016/j.jtocrr.2020.100075

Marabelle A, Le DT, Ascierto PA, et al. Efficacy of Pembrolizumab in Patients With
Noncolorectal High Microsatellite Instability/Mismatch Repair—Deficient Cancer: Results From
the Phase Il KEYNOTE-158 Study. JCO. 2020;38(1):1-10. doi:10.1200/JC0.19.02105

Arbour KC, Riely GJ. Systemic Therapy for Locally Advanced and Metastatic Non—Small Cell
Lung Cancer: A Review. JAMA. 2019;322(8):764. doi:10.1001/jama.2019.11058



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

17

Manca P, Raez LE, Salzberg M, Sanchez J, Hunis B, Rolfo C. The value of immunotherapy in head
and neck cancer. Expert Opinion on Biological Therapy. 2019;19(1):35-43.
doi:10.1080/14712598.2019.1556637

Robert C. A decade of immune-checkpoint inhibitors in cancer therapy. Nat Commun.
2020;11(1):3801. d0i:10.1038/s41467-020-17670-y

van Meerbeeck JP, Baas P, Debruyne C, et al. A Phase Il study of gemcitabine in patients with
malignant pleural mesothelioma. European Organization for Research and Treatment of
Cancer Lung Cancer Cooperative Group. Cancer. 1999;85(12):2577-2582.
doi:10.1002/(sici)1097-0142(19990615)85:12<2577::aid-cncrl13>3.3.co;2-j

Stebbing J, Powles T, McPherson K, et al. The efficacy and safety of weekly vinorelbine in
relapsed  malignant  pleural mesothelioma. Lung Cancer. 2009;63(1):94-97.
doi:10.1016/j.lungcan.2008.04.001

Zucali PA, Perrino M, Lorenzi E, et al. Vinorelbine in pemetrexed-pretreated patients with
malignant pleural mesothelioma. Lung Cancer. 2014;84(3):265-270.
doi:10.1016/j.lungcan.2013.11.011

Baas P, Fennell D, Kerr KM, Van Schil PE, Haas RL, Peters S. Malignant pleural mesothelioma:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of Oncology.
2015;26:v31-v39. doi:10.1093/annonc/mdv199

Kindler HL, Ismaila N, Armato SG, et al. Treatment of Malignant Pleural Mesothelioma:
American Society of Clinical Oncology Clinical Practice Guideline. JCO. 2018;36(13):1343-1373.
doi:10.1200/JC0.2017.76.6394

Mansfield AS, Peikert T, Smadbeck JB, et al. Neoantigenic Potential of Complex Chromosomal
Rearrangements in Mesothelioma. Journal of Thoracic Oncology. 2019;14(2):276-287.
doi:10.1016/j.jtho.2018.10.001

Adusumilli PS, Zauderer MG, Rusch VW, et al. Abstract CT036: A phase | clinical trial of
malignant pleural disease treated with regionally delivered autologous mesothelin-targeted
CAR T cells: Safety and efficacy. In: Clinical Trials. American Association for Cancer Research;
2019:CT036-CT036. doi:10.1158/1538-7445.AM2019-CT036

Baas P, Scherpereel A, Nowal AK, et al. First-line nivolumab + ipilimumab vs chemotherapy in
unresectable malignant pleural mesothelioma: CheckMate 743. Presented at: 2020 World
Conference on Lung Cancer Virtual Presidential Symposium. August 8, 2020.



Figure legends

Figure 1. PRISMA flowchart of selected trials

Figure 2. Objective response rate of trials selected for the meta-analysis and aggregate data

Abbreviations. ORR: objective response rate.

Figure 3. Objective response rate of trials reporting activity according to PD-L1 expression and

aggregate data

Abbreviations. ORR: objective response rate.

Figure 4. Funnel plot for objective response rate

Figure 5. Funnel plot for disease control rate
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A systematic review and meta-analysis of trials assessing PD-1/PD-L1 immune checkpoint
inhibitors activity in pre-treated advanced stage malignant mesothelioma

Abstract

Introduction

Advanced stage malignant mesothelioma (asMM) patients have poor prognosis. Several trials
investigated the role of programmed cell death protein-1 (PD-1) and its ligand 1 (PD-L1) immune

checkpoint inhibitors (ICls) in pre-treated asMM.

Methods

A systematic review of the literature of clinical trials testing single-agent anti PD-1/PD-L1 ICls in
pre-treated asMM was performed. Objective response rate (ORR), disease control rate (DCR),
progression-free survival (PFS) and overall survival (OS) data were extracted. The predictive role of

PD-L1 was assessed.

Results
We selected 13 studies including 888 patients. ORR and DCR were 18.1% (95% confidence interval
[Cl] 13.9-22.8%) and 55.4% (95% Cl: 48.1-62.5%), respectively. Median PFS and OS ranged from 2.1
to 5.9 and from 6.7 to 20.9 months, respectively. ORR according to PD-L1 was 27.0% (95% Cl: 18.7-
36.2%).

Conclusions

Anti-PD-(L)1 ICIs might be considered a treatment option for chemotherapy-resistant asMM, even

if reliable predictive factors are still lacking.
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1. Introduction

Malignant mesothelioma (MM) is a rare and aggressive tumour of mesothelial surfaces. Asbestos
exposure is the main risk factor, even if this neoplasm can occur in non-exposed subjects and rarely
can be due to germline mutations.! The combination of platinum and pemetrexed has been for
decades the standard systemic first-line treatment, providing a small although significant survival
benefit as compared to platinum alone, and better symptom control.?2 One randomized study the
addition of bevacizumab improved progression-free and overall survival (PFS and OS) as compared
to chemotherapy alone.? Overall clinical results are still modest, claiming for novel approaches to
significantly increase survival of MM patients. In the last few years, immune checkpoint inhibitors
(ICls) radically changed treatment paradigm of many solid tumours. While cytotoxic T-lymphocyte
antigen-4 (CTLA-4) directed agents alone did not confer any benefit in advanced MM,* their
combination with a programmed cell death protein-1 (PD-1) inhibitor recently demonstrated to be
superior to platinum plus pemetrexed in a phase 3 randomized trial in treatment naive advanced
pleural MM patients.> However, the magnitude of benefit seems superior in non-epithelioid MM,
while at best modest in epithelioid tumors.® Several trials and case-series suggest that PD-1) and
programmed death-ligand 1 (PD-L1) antagonists may increase survival in chemotherapy pre-treated
advanced stage MM (asMM) patients too.” However, such results are still debated because the only
randomized trial with active control did not show survival differences between pembrolizumab and
single agent chemotherapy, while another placebo-controlled study showed the superiority of
nivolumab as compared to best supportive care.® To this end, we performed a systematic review
and meta-analysis to define the activity and efficacy of PD-1/PD-L1 monoclonal antibodies (mAbs)

in chemotherapy pre-treated asMM patients.

2. Material and Methods

2.1 Trial identification criteria
We identified all clinical trials testing ICls in pre-treated asMM as single-agent in single-arm as well
as multi-arm studies. The following Mesh terms were used: “mesothelioma”, “malignant
mesothelioma”, “atezolizumab”, “avelumab”, “durvalumab”, “nivolumab”, “pembrolizumab”,
“immunotherapy”, “PD-1”, “PD-L1”. Search was made on Pubmed/Medline and Cochrane library on
January 20™, 2022. Papers published in peer-reviewed journals and in English language were
selected. We also searched proceedings of major International meetings such as American Society

of Clinical Oncology- ASCO annual meetings, European Society of Medical Oncology- ESMO annual



meetings, International Association for the Study of Lung Cancer- IASLC World Conferences on Lung
Cancer, European Lung Cancer Congress- ELCC from 2014 onwards for relevant abstracts. When
more than one report of the same study was available, the most recent data (with longer follow-up

and/or higher number of patients) were considered (Figure 1).

2.2 Aims of the meta-analysis

- (i) To evaluate the activity of single-agent PD-1/PD-L1 directed ICIs in chemotherapy pre-
treated asMM in terms of objective response rare (ORR) and disease control rate (DCR);

- (ii) To evaluate the efficacy of single-agent PD-1/PD-L1 directed ICIs in chemotherapy pre-
treated asMM in terms of PFS and OS;

- (iii) To explore the potential role of PD-L1 expression as a predictive marker of activity. For
this aim, the ORR and DCR analyses were repeated in the subgroup of patients included,
within each trial, in the highest category of PD-L1 expression (even if with heterogeneous

methods and cut-offs).

2.3 Data extraction for the meta-analysis
The following data were extracted from each study: (a) first author, phase of the study, and year of
publication; (b) type of ICls agent and number of patients assigned to the experimental treatment;
(c) percentage of patients treated in second-line; (d) site of MM (pleural vs peritoneal vs others) and
histology; (e) median follow-up and range; (f) ORR (number of patients obtaining objective
response) in the whole study population and in the “PD-L1 high” subpopulation; in the randomized
trial, ORR was collected for both treatment arms in order to calculate odds ratio; (g) DCR (number
of patients obtaining objective response or disease stabilization) in the study population and in the
“PD-L1 high” subpopulation; in the randomized trial, DCR was collected for both treatment arms in
order to calculate odds ratio; (g) median PFS and median OS; in the randomized trial, hazard ratio
(HR) and 95% confidence interval (Cl) of experimental treatment compared to control arm, in the
intention to treat population, were collected. Outcome results by histologic subtypes were also

collected to provide a descriptive analysis.

2.4 Data analysis

Meta-analysis on response/disease control rates was performed with MedCalc Statistical Software

version 20.015 (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2021).



Freeman-Tukey transformation (arcsine square root transformation) was used to calculate the
weighted summary proportion under the fixed and random effects model.

Heterogeneity was measured by Cochran’s Q, calculated as the weighted sum of squared differences
between individual study proportion and the pooled proportion across studies. The I? statistic was
used to describes the percentage of variation across studies that is due to heterogeneity The
likelihood of publication bias was assessed by both Egger’s and Begg’s tests and by visual inspection

of funnel plots.

3. Results
3.1 Systematic review of the literature

3.1.1 Atezolizumab

No results from clinical trials evaluating the anti PD-L1 mAb atezolizumab in pre-treated asMM
were found. A randomized phase 3 trial comparing carboplatin plus pemetrexed plus

bevacizumab with or without atezolizumab is ongoing in treatment-naive asMM [NCT03762018]

3.1.2 Avelumab

Avelumab has been evaluated in MM within the phase Ib JAVELIN trial.® Fifty-three patients with
unresectable pre-treated MM received avelumab 10 mg/Kg every two weeks (g2w). Median age
was 67 years (range 32-84), and median number of previous lines was 2 (range 1-8). Thirty-two
patients (60%) were male, and 39 (74%) had an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 1. Most patients had epithelioid histology (n:43, 81%). PD-L1
expression, evaluated with Dako PD-L1 immunohistochemistry (IHC) 73-10 pharmDx, was 21%
in 21 patients (40%), negative in 22 patients (42%), not evaluable in 10 (19%). High PD-L1
expression (5% of positive tumour cells) was reported in 16 patients (30%), while 27 (51%) had
a low/negative expression. The median duration of treatment (DoT) was 2.8 months (range 0.9-
28.1), with a median of 6 delivered doses (range 2-59). At a median follow-up of 24.8 months
(range 16.8-27.8), the ORR (by Response Evaluation Criteria in Solid Tumours- RECIST 1.1) was
9% (95% Cl: 3.1-20.7) and the DCR was 58% (n:31). Median PFS and OS were 4.1 (95% Cl: 1.4-
6.2) and 10.7 (95% Cl: 6.4-20.2) months, respectively. ORR was higher in PD-L1 high (19%, 3 out
of 16 patients; 95% Cl: 4.0-45.6) than in low/negative patients (7%, 2 out of 27 patients; 95% Cl:
0.9-24.3) (p=0.34). Median PFS for PD-L1 high and PD-L1 low/negative patients was 5.3 (95% Cl:



1.4-17.8) and 1.7 (95% Cl: 1.4-8.3) months, respectively, while median OS was 20.2 (95% Cl: 4.9-
not estimable) and 10.2 (95% ClI: 3.8-21.0) months, respectively. Using a 1% cut-off for PD-L1
positive (PD-L1+) and negative (PD-L1-) definition, ORR was 14% (3 patients; 95% Cl: 2.9-34.9)
and 10% (2 patients; 95% Cl: 1.2-30.4), respectively (p= 1.00). In PD-L1+, the median PFS was 5.3
months (95% Cl: 1.4-12.0) as compared to 1.6 months in PD-L1- patients (95% Cl: 1.4-6.8). The
median OS was 20.2 months (95% Cl: 6.1- not estimable) and 7.5 months (95% Cl: 3.8-21.0) in
PD-L1+ and PD-L1-, respectively.

3.1.3 Durvalumab

No results from clinical trials evaluating the anti PD-L1 mAb durvalumab in pre-treated asMM
were found. This agent has been studied in 2 single-arm phase 2 trials combined with
chemotherapy in treatment-naive, unresectable malignant pleural mesothelioma (MPM)
patients.%!! A phase 3 randomized trial comparing cisplatin plus pemetrexed plus durvalumab

versus cisplatin plus pemetrexed is ongoing [NCT04334759].

3.1.4 Nivolumab

Nivolumab has been studied in MM alone or in combination with anti-CTLA-4 mAbs. Nivolumab
was administered at 3 mg/kg g2w in a single-arm, single-centre, phase Il trial in advanced stage
MPM patients progressing to at least one prior chemotherapy, with ECOG-PS 0-1.12 Tumour
assessment was performed by RECIST modified for MM (mRECIST) and immune RECIST (iRECIST).
The DCR at 12 weeks was the primary end-point. The study enrolled 38 patients, 34 received
nivolumab. Median age was 67 years (range 50-81), 82% (n:28) were male, 47% (n:16) had
ECOG-PS 1, 82% (n:28) had epithelioid histology, and most had stage | to Ill disease (n:24, 71%).
All but one patient received second-line nivolumab. The median number of administered doses
was 7, the median DoT was 2.8 months. The 12 weeks DCR was 47% (95% Cl: 30-65), with 8
partial responses (PR) (24%; 95% Cl: 11-42) and another patient PR after 18 weeks, leading to
26% ORR. Three pseudo-progressions were observed. At a median follow-up of 27.5 months
(95% Cl: 19.3-not reached), median duration of response (DoR) was 7.0 months, while median
PFS and OS were 2.6 (95% Cl: 2.23-5.49) and 11.8 (95% Cl: 9.7-15.7) months, respectively. Nine
cases (27%) were PD-L1+ (cut-off 1% by 28-8 antibody), mostly epithelioid. Among them, clinical
benefit (PR or long-term stable disease- SD) was observed in 5 (55%), with 4 experiencing PR.

Overall, 8 out of 23 (34.8%) evaluable PD-L1- patients had clinical benefit.



The single-arm phase 2 trial MERIT had a similar design differing for the nivolumab dose (240
mg g2w) and the number of previous chemotherapy lines (no more than 2, including platinum-
pemetrexed combination).3' The primary end-point ORR was centrally assessed by mRECIST.
Thirty-four patients were enrolled, the median age was 68 years, 79% (n:27) had epithelioid
histology. Median DoT was 6.8 months (median number of doses: 12.5). ORR was 29% (95% Cl:
16.8-46.2) and DCR was 68% (95% Cl: 50.8-80.9). At a median follow-up of 17.3 months, median
OS and PFS were 17.3 (95% Cl: 11.5-26.6) and 5.9 (95% Cl: not reported) months, respectively.
59% of patients (n:20) was PD-L1+ (cut-off 1% by 28-8 antibody), 35% (n:12) PD-L1-, in 6% (n:2)
not evaluable. ORR was higher in PD-L1+ patients as compared to PD-L1- (40% vs 8%,
respectively). At the same time, PD-L1+ patients did not have longer OS (HR 0.98; 95% Cl: 0.43-
2.23, p=0.969) and PFS (HR 0.82; 95% Cl: 0.37-1.82, p=0.629) as compared to PD-L1-.

Single agent nivolumab was also investigated in a randomized phase Il, non-comparative,
multicentre trial (MAPS-2).%°> This study enrolled patients with MPM, already treated with one
or two lines of chemotherapy. Patients were randomized 1:1 to nivolumab or nivolumab plus
ipilimumab. Nivolumab was administered at 3 mg/Kg dose q2w. PD-L1 expression was assessed
using 28-8 pharmDx (n:99) and SP-263 clones (n:104), with high expression defined as 225% or
>50% tumour cells expressing PD-L1. The primary end-point was DCR at 12 weeks, OS and PFS
were secondary objectives Overall, 68 out of 132 patients were randomized to single agent
nivolumab and 63 received the treatment. The median age was 72.3 years, most of the patients
were male (75%), had stage Ill or IV disease (89%) and30% had ECOG-PS 0. Fifty-two patients
(83%) had epithelioid histology, 44 (70%) had received one previous line. After a median follow-
up of 20.1 months, the 12 weeks DCR was 44% (95% Cl: 31-58), while the ORR was 19% (95% Cl:
8-29). In the intention-to-treat population, the response rate (RR) was 17.5% (95% Cl: 8-1-26.8),
while the DCR at 12 weeks was 40% (95% Cl: 28-52). The median DoR was 7.4 months (95% Cl:
4.1-11.9), while median PFS and OS were 4.0 (95% Cl: 2.8-5.7) and 11.9 (95% Cl: 6.7-17.7)
months, respectively. The subgroup analysis of ORR and DCR by PD-L1 expression were not
reported separately by treatment. Overall, the ORR was significantly higher in PD-L1+ patients
(using 1% cut-off with both clones) in both arms, while the 12 weeks DCR was not. Using a 25%
cut-off for high expressors, both RR and DCR were significantly higher in patients with high PD-
L1 expression as assessed by both clones.

Real-world data about 107 patients affected by MPM treated with nivolumab 3 mg/Kg q2w

within the Dutch expanded access program were reported.'®'’ All patients were pre-treated



with at least one prior platinum-antifolate regimen (97 treated in second-line). Median age was
69 years (range 34-84), 87% of patients were male, 83% with ECOG-PS 0-1, 78 patients had
epithelioid histology. Median PFS and OS were 2.3 (95% ClI 1.6-2.9) and 6.7 (95% CI 6.2-10.0)
months, respectively, and ORR and DCR by mRECIST were 10% and 37%, respectively.

Another series reported 27 patients with asMM treated with nivolumab 3mg/Kg g2w. The
median age of 25 evaluable patients was 67 years (range 38-89), 72% were male, 56% had ECOG-
PS >2, 76% had epithelioid histology.'® Median PFS was 5 months, the ORR was 24% by RECIST
1.1 with a DCR of 60% in the whole group. Patients with PD-L1 >1% and <1% had a DCR of 63%
and 55%, respectively.

Early results of a retrospective single-centre Japanese series including 79 patients (78.7% males,
n:63) with MPM treated with nivolumab as second- (63.2%), third- (19%) or >fourth-line (17.8%)
were presented.'® 21.5% (n=17) had an ECOG-PS >2, 81% (n:64) had epithelioid histology.
Among 71 patients considered for efficacy, the ORR and DCR by mRECIST were 26.8% and 66.2%,
respectively. ORR were 22.8%, 55.6%, and 20% for epithelioid, sarcomatoid, and biphasic MPM,
respectively. At a median follow-up of 13.3 months (range 4.2-18.9), median PFS and OS were
4.1 and 14.3 months, respectively. At multivariate analysis, PS >2 was an independent negative
factor for both PFS (HR 2.6; 95% Cl: 1.46-4.62) and OS (HR 2.33; 95% Cl: 1.30-4.15).

The randomized, double-blind, placebo-controlled CONFIRM trial compared nivolumab with
placebo in previously treated MM with a 2:1 allocation proportion.® Overall, 221 patients were
assigned to the nivolumab arm. Their median age was 74 years (IQR 65-74), 76% (n:167) were
male, 95% (n:211) had MPM, 88% (95%) had epithelioid histology. The ORR with nivolumab
compared with placebo was significantly higher: 11% vs 1% (25 vs 1 partial responses, odds ratio
14.0, p=0.00086), while the DCR was 64% vs 55%. Tumors from 161 patients treated with
immunotherapy were evaluable for PD-L1 expression and 60 resulted to be positive (defined as
1% threshold 1% with clone 22-C3 clone). Median OS was 10.2 months (95% Cl 8.5-12.1) in the
nivolumab group and 6.9 months (95% Cl: 5.0-8.0;) in the placebo group (HR 0.69, 95% Cl: 0.52-
0.91, p=0-0090). Median PFS by investigators was 3.0 (95% Cl: 2.8-4.1) and 1.8 months (1.4-2.6)
months in the nivolumab and placebo group, respectively (HR 0.67, 95% Cl: 0.53-0.85,
p=0-0012). Seven out of 60 patients (12%) with PD-L1 positive MM achieved a partial response

with nivolumab.

3.1.5 Pembrolizumab



The phase IB KEYNOTE-028 study was a multicentre, non-randomised, open-label, multicohort
trial of pembrolizumab in patients with advanced solid tumours with PD-L1 expression (>1%,
tested with 22C3 clone).?%?! Among 38 MPM patients, 25 received pembrolizumab 10 mg/Kg
g2w for a maximum of 24 months. The primary end-points were safety, tolerability and ORR (by
RECIST based on investigator review); PFS, OS and DoR were secondary end-points. Eighteen
(72%) patients had epithelioid MPM. At a median follow-up of 18.7 months, ORR was 28% and
the DCR (was 76%Median PFS and OS were 5.8 (95% Cl: 3.4-8.2) and 18 (95% Cl: 9.4-not reached)
months, respectively.

A registry study enrolled 93 patients with unresectable MPM, both untreated and previously
treated with chemotherapy.?? Data collection was retrospective, with PD-L1 evaluation by SP263
clone or by E1L3N clone. Pembrolizumab was administered at different doses (200 mg q3w or
g2w, 10 mg/Kg q2w, 2 mg/Kg g2w or g3w). Sixty-six patients (71%) had ECOG-PS 0-1, the median
age was 68 years (range 25-94), most patients were male (91%, n:85), 67 (73%) had epithelioid
histology. Four patients received pembrolizumab as first-line, 48 as second-line (52%), and 41
(48%) as third-line or subsequent. At a median follow-up of 9 months, the ORR was 18% and the
DCR was 48% in the whole cohort. Median PFS and OS were 3.1 (95% Cl: 2.6-6.4) and 7.2 (95%
Cl: 4.9-10.0) months, respectively. PD-L1 expression was associated with ORR and DCR at the
univariate analysis but not at the multivariate analysis.

Desai et al. conducted a two-part, phase ll, single-centre, non-randomised trial enrolling patients
with MM.23 The part A enrolled 35 unselected patients to determine the ORR to pembrolizumab
(200 mg g3w) and to find the optimal PD-L1 cut-off for positivity (22C3 clone). The part B was
initiated when 7 responses were reported in part A, and intended to use a biomarker enrichment
strategy for PD-L1. However, as no PD-L1 cut-off was established in part A, part B enrolled 30
patients irrespective of PD-L1 level. All enrolled patients previously received at least one
previous line of therapy, including platinum and pemetrexed, but no more than 2 systemic
regimens. eTh median age was 68 years (range 26-85), 77% were male, and 53% had ECOG-PS
0. 77% had epithelioid histology, 88% had pleural mesothelioma while 12% had peritoneal, and
61% had already received one previous systemic treatment. Disease assessment was performed
by mRECIST. ORR was 22% and DCR was 63%. Median PFS and OS were 4.1 and 11.5 months,
respectively. PD-L1 expression 250% was associated with higher RR and longer median PFS.
The cohort study by Cengel et al enrolled 74 patients receiving pembrolizumab after disease

progression to chemotherapy and evaluated ORR (by mRECIST), PFS and 0S.?* Median age was



73 years (range 52-92), and 55 (74%) were male. Three patients received immunotherapy as
first-line. Fifty-eight (78%) patients had epithelioid histology. Median OS of the entire population
was 7.9 months, median PFS 7.9 months, ORR 26%.

The PROMISE-meso was a phase lll, open-label, trial that randomized 1:1 MPM patients, who
progressed to platinum-based chemotherapy, to receive either pembrolizumab 200 mg g3w or
chemotherapy based on investigator choice (gemcitabine or vinorelbine).?> Histological subtype
(epithelioid vs non-epithelioid) was the only stratification factor, while PD-L1 expression was
exploratory. The primary end-point was PFS (assessed by blinded independent central review),
and secondary end-points were ORR (by RECIST 1.1), time to treatment failure, OS, investigator-
assessed PFS and adverse events. PD-L1 immunohistochemistry was assessed by using clone
SP263. The study enrolled 144 patients (73 treated with pembrolizumab, 50.7%), 89% with
epithelioid histology, 82% males. After a median follow-up of 11.8 months, pembrolizumab arm
showed a median PFS of 2.5 months as compared to 3.4 months of the control (HR 1.06, 95% Cl:
0.73-1.53, p=0.76 stratified by histological subtype). Pembrolizumab led to a superior ORR (22%
vs 6%, p=0.004), while the median DoR was higher with chemotherapy (7.2 months vs 4.6
months). Median OS was not statistically different between study arms, being 10.7 and 12.4
months in the experimental and control arm, respectively (HR 1.12, 95% CI: 0.74-1.69, p=0.59),
without differences even after adjusting for cross-over. The DCR in the pembrolizumab group
was 45%, with 16 patients achieving PR and 17 SD. No differences were observed neither in
median PFS nor in OS according to PD-L1 expression (TPS <1% vs >1%).

A retrospective single-centre cohort study of pembrolizumab in MPM included 13 non-papillary
peritoneal tumours, all pre-treated with chemotherapy.?® Median age of enrolled patients was
65.6 years, 62% had known asbestos exposure. Histology was epithelioid in 70% of cases. ORR
was 18%, while DCR was 81%. Median PFS and OS were 5.7 and 20.9 months, respectively. No
differences in PFS were observed comparing epithelioid histology vs others, or by PD-L1 status
(positive vs negative, median PFS 5.1 vs 5.7 months respectively, p=0.73).

Another retrospective real-world study included 98 patients with MM (95 pleural, 3 peritoneal)
treated with pembrolizumab.?” Median age was 70 years (range 46-91), most patients were male
(92%) and with ECOG-PS of 0-1 (78%), 76% had epithelioid histology. Four patients received
pembrolizumab as first-line because unfit for chemotherapy, while the others were
chemotherapy pre-treated (64% one previous line). Pembrolizumab was administered at 200

mg q3w (73%) or at 2 mg/Kg q3w (27%), the median number of cycles was 6 (range 1-35). PD-L1



was assessed with. Using a 1% cut-off, PD-L1 expression (E1L3N clone) resulted negative in 46%,
positive in 32%, while for remaining data was missing. ORR was 18% (95% Cl: 12-28%) as per
investigator-assessed mRECIST, and DCR 56% (95% Cl: 47-66). The median PFS and OS were 4.8
(95% Cl: 3.6-6.2) and 9.5 (6.6-13.7) months, respectively. PD-L1 expression and BRCA1l
associated protein 1 (BAP1) loss were not associated with objective response, although ORR was
numerically higher in PD-L1+ patients (23% vs 11%) and those with BAP1 loss (20% vs 13%).
Kim et al evaluated 115 patients treated with pembrolizumab, nivolumab, or nivolumab in
combination with ipilimumab after disease progression to first-line platinum-based
chemotherapy.?® The median age was 75 years (IQR 69-79.5), most were male (74%), and had
epithelioid histology (67%). The median OS of the entire cohort was 8.7 months (95% Cl: 7.7-10-
9).

Finally, 118 patients with ECOG PS 0 to 1 who had disease progression on or intolerance to
standard therapy were enrolled into the MPM cohort of Keynote-158 trial, a phase 2 single-arm
study assessing the efficacy of pembrolizumab.?® The median age was 68 years (IQR 61-64), 69%
(n:82) had epithelioid histology, 48% (n:57) received immunotherapy as second-line; 77 out of
108 assessable tumours had positive PD-L1 expression (> 1 by 22C3 clone). ORR was 8% (95%
Cl: 4-15), median DoR was 14.3 months, and the median PFS and OS were 2.1 (95% Cl: 2.1-3.9)
and 10 (95% Cl: 7.6-13.4) months, respectively. ORR in PD-L1 positive patients was 12%.

3.2 Meta-analysis

We selected 13 studies including 888 patients, most with pleural MM, &°1214,15,17,19,20,23,25,26,23,30
Table 1 summarizes the main characteristics of the selected trials. Four studies were excluded
due to the inclusion of treatment naive patients,'®222427 and one due to the inclusion of
patients treated with dual ICls combination.?® The analysis of patients from the phase Il
PROMISE-meso and CONFIRM trials was restricted to those assigned to immunotherapy.®%
Data on responses were available for 888 patients, irrespective of PD-L1 levels. A total of 835
patients (94%) received anti-PD-1 inhibitors (nivolumab or pembrolizumab [), while 53 (6%)
were treated with avelumab [Table 1]. In aggregate, ORR was 18.1% (95% Cl: 13.9-22.8%;
Cochran’s Q p=0.0011, 1’=63.35%) [Figure 2]. DCR was 55.4% (95% Cl: 48.1-62.5%; Cochran’s Q
p<0.0001, 1°=76.57%) [Figure 3]. In unselected patients, the median PFS ranged from 2.1 t0 5.8

months, while the median OS from 6.7 to 20.9 months. Tumour response according to PD-L1

expression were reported in 10 out of 13 studies, with PD-L1 positivity defined using



heterogeneous cut-offs depending of each different trial (ranging from 1% to 50%).%1%13,1520,23

This subgroup included 304 and 310 patients, depending on the clone adopted in the study by
Scherpereel et al. (the 28-8and SP-263, respectively) [Table 2].1> ORR was 28.0% (95% Cl: 19.0-
38.0%; Cochran’s Q p=0.0006, 1°=69.03%) and 27.0% (95% Cl: 18.7-36.2%; Cochran’s Q p=0.0021,
12=65.22%), respectively, although it ranged from 12% to 56% in different studies [Figure 4 forest
plot of the analysis with the largest sample, accounting for the use of SP-263 clone in *°; sFigure
1 accounting for the use of 28-8 clone]. The funnel plots showed no evidence of publication bias

[Figure 5, Figure 6, Figure 7, s Figure 2].

4. Discussion

We performed a systematic review and meta-analysis to evaluate the activity of anti-PD-1/PD-
L1 in pre-treated asMM in terms of ORR and DCR. Notably, as higher efficacy is observed in
tumours whose aetiology is associated to carcinogens exposure, ICls evaluation in asMM finds a
rational as most cases are related to asbestos exposure.3=33 Unfortunately, most of the studies
about ICls in asMM do not report this information. MM is somehow resistant to cytotoxic
chemotherapy, especially non-epithelioid subtypes. The recent demonstration that the
combination of the anti-CTLA-4 monoclonal antibody ipilimumab with nivolumab could
significantly increase OS as compared to platinum plus pemetrexed in the first-line setting, is
predicted to change the treatment landscape of this aggressive disease.> However, while the
superiority of ICls combination appeared to be clear in non-epithelioid tumors, patients with
epithelioid MM showed less benefit and chemotherapy may be still regarded as a treatment
option, while waiting for the results of chemo-immunotherapy combination from ongoing
clinical trials.3* Unfortunately, due to the lack of specific data, we could not evaluate the activity
of ICls in pre-treated patients according to histology. Following platinum-based chemotherapy,
second-line treatments have only modest efficacy, with ORR of 8.63%, a DCR of 54.8%, and a
median PFS and OS of 3.4 and 7.86 months, respectively.3>Only recently a formal demonstration
of vinorelbine efficacy has been provided by a phase 2 trial.3® Moreover, another randomised
phase 2 trial showed that the addition of the anti-vascular endothelial growth factor receptor 2
(VEGFR-2) monoclonal antibody ramucirumab to gemcitabine could increase OS as compared to
gemcitabine and placebo in second-line setting.3” Our meta-analysis indicates that ICls provide
an ORR and DCR of 18.1% and 55.4%, respectively, without significant differences between

agents. Overall, the heterogeneity between the studies was moderate, both in the entire



population and in patients whose tumours expressed PD-L1,. No significant evidence of
publication bias was found.

However, the results of the phase 3 PROMISE-meso trial showed that, despite the higher ORR
with pembrolizumab, no survival differences were observed as compared to single agent
chemotherapy in pre-treated asMM.2> Notably, this trial was designed with PFS as primary end-
point. OS events were 92 at the time of the analysis, leading to a 19% statistical power for a HR
of 0.8, meaning that the study was not powered to allow meaningful conclusion about 0S.%°
Indeed, the interpretation of these results is challenging. Since most of the studies included in
our meta-analysis lack of a comparison arm, we were not able to compare ICls with single-agent
chemotherapy. However, to our knowledge, ORR has never been demonstrated to be a
surrogate marker of survival in MM. Moreover, the selected trials have used different criteria
for response evaluation such as mRECIST and iRECIST, and some of the considered cases did not
have independent assessment. For this latter reason, as most studies were single-arm trials,
observer bias could not be ruled out.

The present meta-analysis suggests that PD-L1+ tumours might better respond to single-agent
immunotherapy. However, trials are highly heterogeneous when accounting for PD-L1
evaluation because different IHC clones and cut-offs were used, so that these data should be
taken with caution. Indeed, available data suggest that PD-L1 expression in malignant pleural
mesothelioma is prognostic, with high levels associated with poorer outcomes even after
accounting for other variables such as histology and performance status.3¥4°

A recent publication reported that the antigenic potential of mesothelioma could be better
predicted by other factors, including chromosomal rearrangements (chromoplexy and
chromothripsis).! Such interesting data deserve more studies in the context of ICls therapy for
MM. Adoptive immunotherapy as well as vaccines, alone or in combination with ICls, are
another active field of investigation. Preliminary results of a phase | study of intrapleural
injection of mesothelin-targeted chimeric antigen receptor T-cell (CAR-T) therapy, with or
without anti PD-1 agents, showed 63% RR in 18 asMM patients, 37% of which already treated
with 3 or more lines of therapy.*? The treatment landscape of asMM is therefore expected to
change, and immunotherapy may have a pivotal role both in treatment-naive and pre-treated
patients. Along with those from Checkmate 743, results of ongoing studies on chemo-
immunotherapy combinations are expected to change the treatment landscape of untreated

unresectable MPM. While waiting for these data, , our meta-analysis suggests that anti-PD-(L)1



agents might be useful in some chemotherapy pre-treated patients, even if reliable predictive

factors are still lacking.



Figure legends

Figure 1. PRISMA flowchart of selected trials

Figure 2. Objective response rate of trials selected for the meta-analysis and aggregate data

Figure 3. Disease control rate of trials selected for the meta-analysis and aggregate data

Figure 4. Objective response rate of trials reporting activity according to PD-L1 expression and

aggregate data.

Caption: PD-L1 clone SP-263 in Scherpereel et al.

Figure 5. Funnel plot for objective response rate

Figure 6. Funnel plot for disease control rate

Figure 7. Funnel plot for objective response rate in PD-L1 positive patients (Scherpereel SP-263)

sFigure 1. Objective response rate of trials reporting activity according to PD-L1 expression and

aggregate data (Scherpereel 28-8)

sFigure 2. Funnel plot for objective response rate in PD-L1 positive patients (Scherpereel 28-8)
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A systematic review and meta-analysis of trials assessing PD-1/PD-L1 immune checkpoint
inhibitors activity in pre-treated advanced stage malignant mesothelioma

Abstract

Introduction

Advanced stage malignant mesothelioma (asMM) patients have poor prognosis. Several trials
investigated the role of programmed cell death protein-1 (PD-1) and its ligand 1 (PD-L1) immune

checkpoint inhibitors (ICls) in pre-treated asMM.

Methods

A systematic review of the literature of clinical trials testing single-agent anti PD-1/PD-L1 IClIs in
pre-treated asMM was performed. Objective response rate (ORR), disease control rate (DCR),
progression-free survival (PFS) and overall survival (OS) data were extracted. The predictive role of

PD-L1 was assessed.

Results

We selected 130 studies including 497-888 patients. ORR and DCR were 2818.1% (95% confidence
interval [CI] 13.96-8-22.823.9%) and 55.4:6% (95% Cl: 56-248.1-59:862.5%), respectively. Median
PFS and OS ranged from 2.15 to 6-15.9 and from 6.736 to 20.9 months, respectively. ORR according

to PD-L1 expressionranged-from-19%-to-55-5was 27.0% (95% Cl: 18.7-36.2%)%.

Conclusions
Anti-PD-(L)1 ICls might be considered a treatment option for chemotherapy-resistant asMM, even

if reliable predictive factors are still lacking.
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MM: malignant mesothelioma

OS: overall survival

PFS: progression-free survival

ICIs: immune checkpoint inhibitors

CTLA-4: cytotoxic T-lymphocyte antigen-4

PD-1: programmed cell death protein-1

PD-L1: programmed death-ligand 1

asMM: advanced stage malignant mesothelioma
mAbs: monoclonal antibodies

ASCO: American Society of Clinical Oncology
ESMO: European Society of Medical Oncology
IASLC: International Association for the Study of Lung Cancer
ELCC: European Lung Cancer Congress

HR: hazard ratio

Cl: confidence interval

ORR: objective response rare

FDA: Food and Drug Administration

EMA: European Medicines Agency

q2w: every two weeks

q3w: every three weeks

ECOG: Eastern Cooperative Oncology Group

PS: performance status

IHC: immunohistochemistry

DoT: duration of treatment

RECIST: Response Evaluation Criteria in Solid Tumours
PD-L1+: PD-L1 positive

PD-L1-: PD-L1 negative

MPM: malignant pleural mesothelioma
mMRECIST: modified RECIST

iRECIST: immune RECIST



DoR: duration of response

RR: response rate

PR: partial response

SD: stable disease

BAP1: BRCA1 associated protein 1

CAR-T: chimeric antigen receptor T-cell



1. Introduction

Malignant mesothelioma (MM) is a rare and aggressive tumour of mesothelial surfaces. Asbestos
exposure is the main risk factor, even if this neoplasm can occur in non-exposed subjects and rarely

can be due to germline mutations.! The combination of platinum and pemetrexed has been for

[Formatted: English (United States)

decadesis the standard systemic first-line treatment, providing a small although significant survival

benefit as compared to platinum alone, and better symptom control.? Reeenthyin-oOne randomized

study the addition of bevacizumab improved progression-free and overall survival (PFS and OS) as

compared to chemotherapy alone.? Overall clinical results are still modest, claiming for novel

approaches to significantlyamelieratethesignificantly increase survival of MM patients. In the last

few years, immune checkpoint inhibitors (ICls) radically changed treatment paradigm of many solid

tumours. While cytotoxic T-lymphocyte antigen-4 (CTLA-4) directed agents alone did not confer any

benefit in advanced MM,* their combination with a programmed cell death protein-1 (PD-1)

inhibitor recently demonstrated to be superior to platinum plus pemetrexed in a phase 3

randomized trial in treatment naive advanced pleural MM patients.> However, the magnitude of
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benefit seems superior in non-epithelioid MM, while at best modest in epithelioid tumors.® Sseveral

trials and case-series suggest that programmed-cel-death-pretein-1{PD-1) and programmed death-
ligand 1 (PD-L1) antagonists may increase survival in chemotherapy pre-treated advanced stage MM

(asMM) patients_too.” However, such results are still debated because the only randomized trial

with active control did not show survival differences between pembrolizumab and single agent

chemotherapy, while another placebo-controlled study showed the superiority of nivolumab as

compared to best supportive care.B To this end, we performed a systematic review and meta-

analysis to define the activity and efficacy of PD-1/PD-L1 monoclonal antibodies (mAbs) in

chemotherapy pre-treated asMM patients.

2. Material and Methods

2.1 Trial identification criteria
We identified all clinical trials testing ICls in pre-treated asMM as single-agent in single-arm as well
as multi-arm studies. The following Mesh terms were used: “mesothelioma”, “malignant
mesothelioma,—wmaligrant”, “atezolizumab”, “avelumab”, “durvalumab”, “nivolumab”,

“pembrolizumab”, “immunotherapy”, “PD-1", “PD-L1”. Search was made on Pubmed/Medline and

Cochrane library on SeptemberJanuary 4320, 20202. Papers published in peer-reviewed journals

and in English language were selected. We also searched proceedings of major International
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meetings such as American Society of Clinical Oncology- ASCO annual meetings, European Society
of Medical Oncology- ESMO annual meetings, International Association for the Study of Lung
Cancer- IASLC World Conferences on Lung Cancer, European Lung Cancer Congress- ELCC from 2014
onwards for relevant abstracts. When more than one report of the same study was available, the
most recent data (with longer follow-up and/or higher number of patients) were considered (Figure

1).

2.2 Aims of the meta-analysis

- (i) To evaluate the activity of single-agent PD-1/PD-L1 directed ICls in chemotherapy pre-
treated asMM in terms of objective response rare (ORR) and disease control rate (DCR);

- (ii) To evaluate the efficacy of single-agent PD-1/PD-L1 directed ICls in chemotherapy pre-
treated asMM in terms of PFS and OS;

- (iii) To explore the potential role of PD-L1 expression as a predictive marker of activity. For
this aim, the ORR and DCR analyses were repeated in the subgroup of patients included,
within each trial, in the highest category of PD-L1 expression (even if with heterogeneous

methods and cut-offs).

2.3 Data extraction for the meta-analysis « Formatted: Indent: Left: 0.25", Hanging: 0.25", Space
After: 0 pt

The following data were extracted from each study: (a) first author, phase of the study, and year of
publication; (b) type of ICIs agent and number of patients assigned to the experimental treatment;
(c) percentage of patients treated in second-line; (d) site of MM (pleural vs peritoneal vs others) and
histology; (e) median follow-up and range; (f) ORR (number of patients obtaining objective
response) in the whole study population and in the “PD-L1 high” subpopulation; in the randomized
trial, ORR was collected for both treatment arms in order to calculate odds ratio; (g) DCR (number
of patients obtaining objective response or disease stabilization) in the study population and in the
“PD-L1 high” subpopulation; in the randomized trial, DCR was collected for both treatment arms in
order to calculate odds ratio; (g) median PFS and median OS; in the randomized trial, hazard ratio
(HR) and 95% confidence interval (Cl) of experimental treatment compared to control arm, in the

intention to treat population, were collected. Outcome results by histologic subtypes were also

collected to provide a descriptive analysis.
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Meta-analysis on response/disease control rates was performed with MedCalc Statistical Software

version 20.015 (MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2021).

Freeman-Tukey transformation (arcsine square root transformation) was used to calculate the

weighted summary proportion under the fixed and random effects model.

Heterogeneity was measured by Cochran’s Q, calculated as the weighted sum of squared differences

between individual study proportion and the pooled proportion across studies. The |? statistic was

used to describes the percentage of variation across studies that is due to heterogeneity Fo-ebtain

Higginst?-index-wascemputed-The likelihood of publication bias was assessed by both Egger’s and
Begg’s tests_and by visual inspection of funnel plots. Fhe-MedCale® Statistical Seftware-version19-6

3. Results

3.1 Systematic review of the literature

3.1.1 Atezolizumab

No results from clinical trials evaluating the anti PD-L1 mAb atezolizumab in pre-treated asMM

were found. A randomized phase 3 trial comparing carboplatin plus pemetrexed— plus

bevacizumab with or without atezolizumab is ongoing in treatment-naive asMM

NCT03762018
ongomeNCT 03786449}

3.1.2 Avelumab

Avelumab,a-humanized-anti-PD-L1-1gG1-mAb; has been evaluated in MM within the phase Ib
JAVELIN trial.? Fifty-three patients with unresectable pre-treated MM received avelumab 10

mg/Kg every two weeks (q2w). Median age was 67 years (range 32-84), and median number of
previous lines was 2 (range 1-8). Thirty-two patients (60%) were male, and 39 (74%) had an
Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 1. Most patients had
epithelioid histology (n:43, 81%). PD-L1 expression, evaluated with Dako PD-L1
immunohistochemistry (IHC) 73-10 pharmDx, was 21% in 21 patients (40%), negative in 22

patients (42%), not evaluable in 10 (19%). High PD-L1 expression_(->5% of positive tumour cells)
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was reported in 16 patients (30%), while 27 (51%) had a low/negative expression. The median
duration of treatment (DoT) was 2.8 months (range 0.9-28.1), with a median of 6 delivered doses
(range 2-59). At a median follow-up of 24.8 months (range 16.8-27.8), the ORR (by Response
Evaluation Criteria in Solid Tumours- RECIST 1.1) was 9% (95% Cl: 3.1-20.7) and the DCR was 58%
(n:31). Median PFS and OS were 4.1 (95% CI: 1.4-6.2) and 10.7 (95% Cl: 6.4-20.2) months,
respectively. ORR was higher in PD-L1 high (19%, 3 out of 16 patients; 95% Cl: 4.0-45.6) than in
low/negative patients (7%, 2 out of 27 patients; 95% Cl: 0.9-24.3) (p=0.34). Median PFS for PD-
L1 high and PD-L1 low/negative patients was 5.3 (95% Cl: 1.4-17.8) and 1.7 (95% Cl: 1.4-8.3)
months, respectively, while median OS was 20.2 (95% Cl: 4.9-not estimable) and 10.2 (95% Cl:
3.8-21.0) months, respectively. Using a 1% cut-off for PD-L1 positive (PD-L1+) and negative (PD-
L1-) definition, ORR was 14% (3 patients; 95% Cl: 2.9-34.9) and 10% (2 patients; 95% Cl: 1.2-
30.4), respectively (p= 1.00). In PD-L1+, the median PFS was 5.3 months (95% Cl: 1.4-12.0) as
compared to 1.6 months in PD-L1- patients (95% Cl: 1.4-6.8). The median OS was 20.2 months
(95% Cl: 6.1- not estimable) and 7.5 months (95% Cl: 3.8-21.0) in PD-L1+ and PD-L1-,

respectively.

3.1.3 Durvalumab

No results from clinical trials evaluating the anti PD-L1 mAb durvalumab in pre-treated asMM
were found. This agent has been studied in 2 single-arm phase 2 trials combined with
chemotherapy in treatment-naive, unresectable malignant pleural mesothelioma (MPM)
patients.}%! A phase 3 randomized trial comparing cisplatin plus pemetrexed plus durvalumab

versus cisplatin plus pemetrexed is initiatingenrelmentongoing [NCT-04334759].

3.1.4 Nivolumab

Fhe—fully—human—anti-PD-1 g G4-—mAb—-nNivolumab has been studied in MM alone or in
combination with anti-CTLA-4 mAbs. Nivolumab was administered at 3 mg/kg g2w in a single-
arm, single-centre, phase |l trial in advanced stage MPM patients progressing to at least one
prior chemotherapy, with ECOG-PS 0-1.)> Tumour assessment was performed by RECIST
modified for MM (mRECIST) and immune RECIST (iRECIST). The DCR at 12 weeks was the primary
end-point. The study enrolled 38 patients, 34 received nivolumab. Median age was 67 years
(range 50-81), 82% (n:28) were male, 47% (n:16) had ECOG-PS 1, 82% (n:28) had epithelioid

histology, and most had stage | to Il disease (n:24, 71%). All but one patient received second-
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line nivolumab. The median number of administered doses was 7, the median DoT was 2.8
months. The 12 weeks DCR was 47% (95% Cl: 30-65), with 8 partial responses (PR) (24%; 95% Cl:
11-42) and another patient PR after 18 weeks, leading to 26% ORR. Three pseudo-progressions
were observed. At a median follow-up of 27.5 months (95% Cl: 19.3-not reached), median
duration of response (DoR) was 7.0 months, while median PFS and OS were 2.6 (95% Cl: 2.23-
5.49) and 11.8 (95% Cl: 9.7-15.7) months, respectively. Nine cases (27%) were PD-L1+ (cut-off
1% by 28-8 antibody), mostly epithelioid. Among them, clinical benefit (PR or long-term stable
disease- SD) was observed in 5 (55%), with 4 experiencing PR. Overall, 8 out of 23 (34.8%)
evaluable PD-L1- patients had clinical benefit.

The single-arm phase 2 trial MERIT had a similar design differing for the nivolumab dose (240
mg q2w) and the number of previous chemotherapy lines (no more than 2, including platinum-

pemetrexed combination).’®* The primary end-point ORR was centrally assessed by mRECIST.

Thirty-four patients were enrolled, the median age was 68 years, 79% (n:27) had epithelioid
histology. Median DoT was 6.8 months (median number of doses: 12.5). Ata-medianfoHlow-up
of12.8-menths;-ORR was 29% (95% Cl: 16.8-46.2) and DCR was 68% (95% Cl: 50.8-80.9). At a
median_follow-up of 17.3 months, Mmedian OS and PFS were 17.3 (95% Cl: 11.5-pet

reached26.6) and 6-15.9 (95% Cl: 2:9-9-9not reported) months, respectively. 59% of patients
(n:20) was PD-L1+ (cut-off 1% by 28-8 antibody), 3235% (n:124) PD-L1-, in 6% (n:2) not evaluable.
ORR was higher in PD-L1+ patients as compared to PD-L1- (40% vs 8%, respectively)-with-similar
trends-using-highercut-offs{5%-and-10%)}. At the same time, PD-L1+ patients had-did not have
longer OS (HR 0.98542; 95% Cl: 0.20843-12.23415, p=0.9692021) and PFS (HR 0.82725; 95% Cl:
0.3746-1.82668, p=0.6294498) as compared to PD-L1-.

Single agent nivolumab was also investigated in a randomized phase Il, non-comparative,

multicentre trial (MAPS-2).1> This study enrolled patients with MPM, already treated with one

or two lines of chemotherapy. Patients were randomized 1:1 to nivolumab or nivolumab plus
ipilimumab. Nivolumab was administered at 3 mg/Kg dose gq2w. Disease—assessment-was
performed—every 12 weeks {mRECIST criteria)—with—central revision—PD-L1 expression was
assessed using 28-8 pharmDx (n:99) and SP-263 clones (n:104), with high expression defined as
>25% or 250% tumour cells expressing PD-L1. Ar-exploratery-—cut-off-thresheld-was-defined-on
resultsfrom—a—pest-hec—analysis—The primary end-point was DCR at 12 weeks, secondary
objectivesineluded-0S and PFS were secondary objectives: -Amengthe-132recruitedpatients;

Overall, 68 out of 132 patients were randomized to single agent nivolumab and 63 received the
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treatment. The median age was 72.3 years, most of the patients were male (75%), had stage llI
or IV disease (89%); andwhile-onhy-30% had ECOG-PS 0. Fifty-two patients (83%) had epithelioid
histology, 44 (70%) had received one previous line. After a median follow-up of 20.1 months,
the 12 weeks DCR was 44% (95% Cl: 31-58), while the ORR was 19% (95% ClI: 8-29). In the
intention-to-treat population, the response rate (RR) was 17.5% (95% Cl: 8-1-26.8), while the
DCR at 12 weeks was 40% (95% Cl: 28-52). The median DoR was 7.4 months (95% Cl: 4.1-11.9),
while median PFS and OS were 4.0 (95% Cl: 2.8-5.7) and 11.9 (95% Cl: 6.7-17.7) months,
respectively. The subgroup analysis of ORR and DCR by PD-L1 expression were not reported
separately by treatment. Overall, the ORR was significantly higher in PD-L1+ patients (using 1%
cut-off with both clones) in both arms, while the 12 weeks DCR was not. Using a 25% cut-off for
high expressors, both RR and DCR were significantly higher in patients with high PD-L1
expression as assessed by both clones.

Demoulinetal+eportedrReal-world data about 59-107 patients affected by MPM treated with

nivolumab 3 mg/Kg g2w_within the Dutch expanded access program were reported.!®’ All

patients were pre-treated with at least one prior platinum-antifolate regimen (54-97 treated in
second-line). Median age was 72-69 years (range 5034-843), 9887% of patients were male,
9583% with ECOG-PS 0-1, 78- Ferty-ene-patients had epithelioid histology. Median PFS and OS
were 2.3 (95% Cl 1.6-2.9)64 and 6.736 (95% Cl 6.2-10.0) months, respectively, and ORR and DCR
by mRECIST was-were 102% and 37%, respectivelyby-mRECIST.

Another series reported 27 patients with asMM treated with nivolumab 3mg/Kg gq2w. The
median age of 25 evaluable patients was 67 years (range 38-89), 72% were male, 56% had ECOG-
PS >2, 76% had epithelioid histology.!® Median PFS was 5 months, the ORR was 24% by RECIST
1.1 with a DCR of 60% in the whole group. Patients with PD-L1 21% and <1% had a DCR of 63%
and 55%, respectively.

Early results of a retrospective single-centre Japanese series including 79 patients (78.7% males,
n:63) with MPM and-treated with nivolumab as second- (63.2%), third- (19%) or >fourth-line
(17.8%) were presented.!® 21.5% (n=17) had an ECOG-PS 22, 81% (n:=64) had epithelioid
histology. Among 71 patients considered for efficacy, the ORR{by-RECIST) and DCR by mRECIST
were 26.8% and 66.2%, respectively. ORR were 22.8%, 55.6%, and 20% for epithelioid,
sarcomatoid, and biphasic MPM, respectively. At a median follow-up of 13.3 months (range 4.2-

18.9), median PFS and OS were 4.1 and 14.3 months, respectively. At multivariate analysis, PS
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>2 was an independent negative factor for both PFS (HR 2.6; 95% Cl: 1.46-4.62) and OS (HR 2.33;
95% Cl: 1.30-4.15).

TheA randomized, double-blind, placebo-controlled CONFIRM ehnieal—trial compareding
nivolumab with placebo in previously treated MM with a 2:1 allocation proportion.8is-currently

ongeing{CONFRM-Study-NEF03063456)- Overall, 221 patients were assigned to the nivolumab
arm. Their median age was 74 years (IQR 65-74), 76% (n:167) were male, 95% (n:211) had MPM,

88% (95%) had epithelioid histology. The ORR with nivolumab compared with placebo was

significantly higher: 11% vs 1% (25 vs 1 partial responses, odds ratio 14.0, p=0.00086), while the
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DCR was 64% vs 55%. Tumors from 161 Amengpatients treated with immunotherapy—16%
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tumours were evaluable for PD-L1 expression and 60 resulted to be positive (defined as 1%

threshold 1% with clone 22-C3 clone). Median OS was 10.2 months (95% Cl 8.5-12.1) in the

nivolumab group and 6.9 months (95% Cl: 5.0-8.0;) in the placebo group (HR 0.69, 95% Cl: 0.52-

0.91, p=0-0090). Median PFS by investigators was 3.0 (95% Cl: 2.8-4.1) and 1.8 months (1.4-2.6)

months in the nivolumab and placebo group, respectively (HR 0.67, 95% CI: 0.53-0.85,

p=0:0012). Seven out of 60 patients (12%) with PD-L1 positive MM achieved a partial response

with nivolumab.

3.1.5 Pembrolizumab

—The phase IB KEYNOTE-028

study was a multicentre, non-randomised, open-label, multicohort trial of pembrolizumab in
patients with advanced solid tumours with PD-L1 expression (>1%, tested with 22C3 clone).20
Among 38 MPM patients, 25 received pembrolizumab 10 mg/Kg q2w for a maximum of 24
months. The primary end-points were safety, tolerability and ORR (by RECIST based on

investigator review); PFS, OS and DoR were secondary end-points. Eighteen (72%) patients had

epithelioid MPM. At a median follow-up of 18.7 months, ORR was 2808%-+{95%-c--6-8-40-7} and

did-not-havea-subsegquentconfirmatory-imaging—Median PFS and OS were 5.84 (95% Cl: 3.4-
8.27-5) and 18 (95% Cl: 9.4-not reached) months, respectively.
A registry study enrolled 93 patients with unresectable MPM, both untreated and previously

treated with chemotherapy.?? Data collection was retrospective, with PD-L1 evaluation by SP263




clone or by E1L3N clone. Pembrolizumab was administered at different doses (200 mg gq3w or
92w, 10 mg/Kg g2w, 2 mg/Kg q2w or gq3w). Sixty-six patients (71%) had ECOG-PS 0-1, the median
age was 68 years (range 25-94), most patients were male (91%, n:85), 67 (73%) had epithelioid
histology. Four patients received pembrolizumab as first-line, 48 as second-line (52%), and 41
(48%) as third-line or subsequent. At a median follow-up of 9 months, the ORR was 18% and the
DCR was 48% in the whole cohort. Median PFS and OS were 3.1 (95% Cl: 2.6-6.4) and 7.2 (95%
Cl: 4.9-10.0) months, respectively. PD-L1 expression was associated with ORR and DCR at the
univariate analysis but not at the multivariate analysis.

Desai et al. conducted a two-part, phase Il, single-centre, non-randomised trial enrolling patients
with MM.23 The part A enrolled 35 unselected patients to determine the ORR to pembrolizumab
(200 mg g3w) and to find the optimal PD-L1 cut-off for positivity (22C3 clone). The part B was
initiated when 7 responses were reported in part A, —and intended to use a biomarker
enrichment strategy for PD-L1. However, as no PD-L1 cut-off was established in part A, part B
enrolled 30 patients irrespective of PD-L1 level. All enrolled patients previously received at least
one previous line of therapy, including platinum and pemetrexed, but no more than 2 systemic
regimens. eTh median age was 68 years (range 26-85), 77% were male, and 53% had ECOG-PS
0. 77% had epithelioid histology, 88% had pleural mesothelioma while 12% had peritoneal, and
61% had already received one previous systemic treatment. Disease assessment was performed
by mRECIST. ORR was 22% and DCR was 63%. Median PFS and OS were 4.1 and 11.5 months,
respectively. PD-L1 expression >50% was associated with higher RR and longer median PFS.

The cohort study by Cengel et al enrolled 82-74 patients receiving pembrolizumab after disease

progression to chemotherapy and evaluated ORR (by mRECIST), PFS and 0S.%* Median age was
732 years_(range 52-92), and 559 (74%) were male. Three patients received immunotherapy as
first-line. Sixty-threeFifty-eight (78%) patients had epithelioid histology42-treated-insecend-
line. PD-H-expressionwas-hot-determinedin4s-patients<1% in16and-=21%in21-Median OS
of the entire population was 857.9 months, median PFS 7.94-2 months, ORR 256%;-and-BER

EE7S
The PROMISE-meso #2019 theresults-efwas a phase Ill, open-label, randemized-trial PROMISE-
reso-trial-have beenpresented-*Thistrialthat randomized 1:1 MPM patients, who progressed

to platinum-based chemotherapy, to receive either pembrolizumab 200 mg q3w or

chemotherapy based on investigator choice (gemcitabine or vinorelbine).? Histological subtype

(epithelioid vs non-epithelioid) was the only stratification factor, while PD-L1 expression was



exploratory. The primary end-point was PFS (assessed by blinded independent central review),
and secondary end-points were ORR (by RECIST 1.1), time to treatment failure, OS, investigator-

assessed PFS and adverse events. PD-L1 immunohistochemistry was assessed by using clone

SP263. The study enrolled 144 patients (73 treated with pembrolizumab, 50.7%), 9689% with
epithelioid histology, 8280% males. After a median follow-up of 11.8 months, pembrolizumab
arm showed a median PFS of 2.5 months as compared to 3.4 months of the control (HR 1.06,
95% Cl: 0.73-1.53, p=0.76 stratified by histological subtype). Pembrolizumab led to a superior
ORR (22% vs 6%, p=0.004), while the median DoR was higher with chemotherapy (347.2 months

vs 4.6 months). Median OS was not statistically different between study arms, being 10.7 and

4112.47 months in the experimental and control arm, respectively (HR 1.8412, 95% Cl: 0.6674-
1.69%, p=0.5985), without differences even after adjusting for cross-over. The DCR in the
pembrolizumab group was 45%, with 16 patients achieving PR and 17 SD. No differences were
observed neither in median PFS nor in OS according to PD-L1 expression (TPS <1% vs >1%).

A retrospective single-centre cohort study of pembrolizumab in MPM included 13 non-papillary
peritoneal tumours, all pre-treated with chemotherapy.?® Median age of enrolled patients was
65.6 years, 62% had known asbestos exposure. Histology was epithelioid in 70% of cases. ORR
was 18%, while DCR was 81%. Median PFS and OS were 5.7 and 20.9 months, respectively. No
differences in PFS were observed comparing epithelioid histology vs others, or by PD-L1 status
(positive vs negative, median PFS 5.1 vs 5.7 months respectively, p=0.73).

Another retrospective real-world study included 98 patients with MM (95 pleural, 3 peritoneal)
treated with pembrolizumab.?’” Median age was 70 years (range 46-91), most patients were male
(92%) and with ECOG-PS of 0-1 (78%), 76% had epithelioid histology. Four patients received
pembrolizumab as first-line because unfit for chemotherapy, while the others were
chemotherapy pre-treated (64% one previous line). Pembrolizumab was administered at 200
mg q3w (73%) or at 2 mg/Kg q3w (27%), the median number of cycles was 6 (range 1-35). PD-L1
was assessed with. Using a 1% cut-off, PD-L1 expression (E1L3N clone) resulted negative in 46%,
positive in 32%, while for remaining data was missing. ORR was 18% (95% Cl: 12-28%) as per
investigator-assessed mRECIST, and DCR 56% (95% Cl: 47-66). The median PFS and OS were 4.8
(95% Cl: 3.6-6.2) and 9.5 (6.6-13.7) months, respectively. PD-L1 expression and BRCA1l
associated protein 1 (BAP1) loss were not associated with objective response, although ORR was

numerically higher in PD-L1+ patients (23% vs 11%) and those with BAP1 loss (20% vs 13%).



Kim et al evaluated 115 patients treated with pembrolizumab, nivolumab, or nivolumab in

combination with ipilimumab after disease progression to first-line platinum-based

chemotherapy.?® The median age was 75 years (IQR 69-79.5), most were male (74%), and had

epithelioid histology (67%). The median OS of the entire cohort was 8.7 months (95% CI: 7.7-10-
9).

Finally, 1184 patients with ECOG PS 0 to 1 who had disease progression on or intolerance to

standard therapy affected-by-asMM-were enrolled into the MPM cohort of Keynote-158 trial, a
phase 2 single-arm study assessing the efficacy of pembrolizumab—in—patierts—with—ren-

colorectal-high-microsatellite-instability/mismatchrepair-deficient tumours.?’ The median age
was 68 vyears (IQR 61-64), 69% (n:82) had epithelioid histology, 48% (n:57) received

immunotherapy as second-line; 77 out of 108 assessable tumours had positive PD-L1 expression

(> 1 by 22C3 clone). Ameng233-enroHedpatients-ORR was 34-38% (95% Cl: 28-34-40-815),

median DoR was 14.3 months, -and the median PFS and OS were 4-22.1 (95% Cl: 2.14-43.9) and

23510 (95% Cl: 13-57.6-netreached13.4) months, respectively. However-data-about-patients
with-asMM-are-net-available~ORR in PD-L1 positive patients was 12%.

3.2 Meta-analysis
We selected 1306 studies including 497—888 patients, most with pleural

MM 8912,14,15,17,19,20,23,25,26,29.30 __Tahle 1 summarizes the main characteristics of the selected

trials. Four studies were excluded due to the inclusion of treatment naive patients,8222427 while

one-study-because-no-data-on-asMMpatients-wereavailable:*?, and one due to the inclusion of

patients treated with dual ICls combination.?® The analysis of patients from the phase Il

PROMISE-meso and CONFIRM trials and—was—werewas_restricted to those assigned to
pembrelizumab—{a:73}immunotherapy.®?> Data on responses were available for 487-888

patients, irrespective of PD-L1 levels. A total of 434-835 patients (89-294%) received anti-PD-1
inhibitors (nivolumab {N}-or pembrolizumab [R}), while 53 (18-96%) were treated with avelumab
{A)-[Table 1]. In aggregate, ORR was 20-318.1% (95% Cl: 16-:813.9-23.922.8%; Cochran’s Q

p=0.0011, 1°=63.35%

12=68.14%; Cochran’s Q p<=0.00019, 1=76.57%) [Figure 32]. In unselected patients, the median

PFS ranged from 2.15 to 6-15.8 months, while the median OS from 6.736 to 20.9 months.
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Tumour response according to PD-L1 expression were reported in 106 out of 46-13 studies, with
PD-L1 positivity defined using heterogeneous cut-offs depending of each different trial (ranging

from 1% to 50%).1%131520.23 Thijs subgroup included $25-304 and 431-310 patients, depending

on the clone adopted in the study by Scherpereel et al. (r+325-fether 28-8,-#+131ferand SP-
263, respectively) [Table 2].1° ORR was 34-428.0% (95% Cl: 26:719.0-43-138.0%;—?=28-52%;

Cochran’s Q p=0.00062219, 1>=69.03%) and 32-1427.0% (95% Cl: 2418.7-7-36.240.5%;- Cochran’s

Q p=0.0021, 17=6522.223%,p=0-2667), respectively, although it ranged from 129% to 56% in
different studies [Figure 43; forest plot of the analysis with the largest sample, accounting for

the use of SP-263 clone in °; sFigure 1 accounting for the use of 28-8 clone]. Ne—publication

biases—were—found—ata—significance—tevel < 0:05The funnel plots showed no evidence of

4. Discussion

Thepresentstudy\We performed a systematic review and meta-analysis to evaluate the activity
of anti-PD-1/PD-L1 in pre-treated asMM in terms of ORR and DCR. Notably, as higher efficacy is
observed in tumours whose aetiology is associated to carcinogens exposure, |Cls evaluation in

asMM finds a rational as most cases are related to asbestos exposure.3133 Therefore—the

asbestes-expesure—Unfortunately, most of the studies about ICls in asMM do not report this
information. Atthesame-time-MM is partiath-somehow resistant to cytotoxic chemotherapy,

especially non-epithelioid subtypes. The recent demonstration that the combination of the anti-

CTLA-4 monoclonal antibody ipilimumab with nivolumab could significantly increase OS as

compared to platinum plus pemetrexed in the first-line setting, is predicted to change the

treatment landscape of this aggressive disease.> However, while the superiority of ICls
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combination appeared to be clear in non-epithelioid tumors, patients with epithelioid MM

showed less benefit and chemotherapy may be still regarded as a treatment option, while

waiting for the results of chemo-immunotherapy combination from ongoing clinical trials.3r‘r‘" i

Unfortunately, due to the lack of specific data, we could not evaluate the activity of ICls in pre-

treated patients according to histology. and—sFollowing platinum-based chemotherapy,

secondsecond-line treatments have—neverformally—demonstrated—to—increase—survivalas
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ORR- of 8.63%, a DCR of 54.8%, -and a median PFS and OS of 3.4 and 7.86 _months, respectivelv.fjrr’”

Only recently a formal demonstration of vinorelbine efficacy has been provided by a phase 2

trial.3® Moreover, another randomised phase 2 trial showed that the addition of the anti-
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vascular endothelial growth factor receptor 2 (VEGFR-2) monoclonal antibody ramucirumab to

gemcitabine could increase OS as compared to gemcitabine and placebo in second-line setting.3r7”

OurFhe-present meta-analysis indicates that ICIs provide an ORR and DCR of 2818.1% and a-BER
of-554.46%, respectively, without significant differences between agentsdrugs. Overall, the
heterogeneity between the studies was few—moderatewhen—evatuating-the-ORR, both in the
entire population and in patients whose tumours expressed PD-L1,-while-the-heterogeneity-was
significantfortheevaluationof theintermsof DCR. We didnetfoundNo significant evidence of

publication bias was found.
However, the results of the phase 3 PROMISE-meso trial showed that, despite the higher ORR
with pembrolizumab, no survival differences were observed as compared to single agent

chemotherapy in pre-treated advanced-stage-MPMasMM.® Notably, this trial was designed

with PFS as primary end-point. OS events were 71-92 at the time of the analysis, leading to a
196% statistical power for a HR of 0.8, meaning that the study was not powered to allow
meaningful conclusion about 0S.?* -Indeed, the interpretation of these results is challenging.
Since most of the studies included in our meta-analysis lack of a comparison arm, we were not
capable to compare ICls with single-agent chemotherapy. However, to our knowledge, ORR has
never been demonstrated to be a surrogate marker of survival in MM. Moreover, the selected
trials have used different criteria for response evaluation such as mRECIST and iRECIST, and
some of the considered cases did not have independent assessment. For this latter reason, as
most studies were single-arm trials, observer bias could not be ruled out.

The present meta-analysis suggests that PD-L1+ tumours might better respond to single-agent
immunotherapy. However, trials are highly heterogeneous when accounting for PD-L1
evaluation because different IHC clones and cut-offs were used, so that these data should be

taken with caution. Indeed, available data suggest that PD-L1 expression in malignant pleural

mesothelioma is prognostic, with high levels associated with poorer outcomes even after

accounting for other variables such as histology and performance status.3-40

Moereover—aA recent publication reported that the antigenic potential of mesothelioma could
be better predicted by other factors, including chromosomal rearrangements (chromoplexy and

chromothripsis).*! Such interesting data deserve more studies in the context of ICls therapy for

{Formatted: English (United States)

{Formatted: English (United States)

[Formatted: English (United Kingdom)

{Formatted: English (United States)

{Formatted: English (United States)




MM. Adoptive immunotherapy as well as vaccines, alone or in combination with ICls, are
another active field of investigation. Preliminary results of a phase | study of intrapleural
injection of mesothelin-targeted chimeric antigen receptor T-cell (CAR-T) therapy, with or
without anti PD-1 agents, showed 63% RR in 18 asMM patients, 37% of which already treated

with 3 or more lines of therapy.*? The treatment landscape of asMM is therefore expected to

change, and immunotherapy may have a pivotal role both in treatment-naive and pre-treated
patients. Along with those from Checkmate 743, results of ongoing studies on chemo-

immunotherapy combinations are—Fherecentresults-ofthe-Checkmate743-trial-showingthat

iftare expected to

change the treatment landscape of untreated unresectable MPM.® While waiting for these data,
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resulis-of-otherongoing studiesare-eagerlyawaited, our meta-analysis suggests that anti-PD-

(L)1 agents might be useful in some chemotherapy pre-treated patients, even if reliable

predictive factors are still lacking.




Figure legends

Figure 1. PRISMA flowchart of selected trials

Figure 2. Objective response rate of trials selected for the meta-analysis and aggregate data

Figure 3. Disease control rate of trials selected for the meta-analysis and aggregate data

Figure 43. Objective response rate of trials reporting activity according to PD-L1 expression and

aggregate data.

Abbreviations—ORR:-objectiveresponserate-Caption: PD-L1 clone SP-263 in Scherpereel et al.

Figure 54. Funnel plot for objective response rate

Figure 65. Funnel plot for disease control rate

Figure 7. Funnel plot for objective response rate in PD-L1 positive patients (Scherpereel SP-263)

sFigure 1. Objective response rate of trials reporting activity according to PD-L1 expression and

aggregate data (Scherpereel 28-8)

IS

sFigure 2. Funnel plot for objective response rate in PD-L1 positive patients (Scherpereel 28-8)
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Table 1 Click here to access/download;Table;Table 1.docx %
Table 1. Main characteristics of trials selected for the meta-analysis
Median Median
. Population ORR? | DCR? osa PFSa
Study Phase Setting (subtypes) Drug % (n) % (n) months months
(95% Cl) | (95% CI)
53
Hassan et Pts .
al. progressed Epithelioid Avelumab 10
JAMA Ib after 43 mg/kg ever 9 58 10.7 4.1
_ Sarcomatoid IMQEVETY 1 (553) | (31/53) | (6.4-20.2) | (1.4-6.2)
Oncol platinum 2 two weeks
2ot em?art]rixed mixed or
P Unknown 8
34
Quispel- Pts s .
i || B | Sl | Meuebs | g0 g | w2
al. . IMQEVETY 1 (9134) | (16/34) | (9.7-15.7) | (2.23-5.49)
one CT Sarcomatoid two weeks
JTO 2018 X
regimen 2
Mixed 4
Pts retzlstant 34
Okada et .
al, maximum 2 | Epithelioid | Nivolumab 240 | . s 61
Clin . T 27 Mg every two |y y3ay | (23/34) | (11.5-NR) | (2.9-9.9
Cancer Res includin Biphasic 4 weeks ( ) | ( ) | 115-NR) | (2.9-9.9)
2019 uding Sarcomatoid
platinum-
3
pemetrexed
ro F;Lsssed 63
Scherperee progre:
l et al after first- | ¢ uinelioid | Nivolumab 3
Lancet I or second- 52 mg/kg every 17 40° 11.9 4
Oncol line Sarcomatoid two weeks (11/63) | (25/63) | (6.7-17.7) | (2.8-5.7)
platinum- - .
2019 or biphasic
pemetrexed 11
CT
Pts 59
Dumoulin progressed Epithelioid Nivolumab 3 6.36
etal. Real-world gr]tgrcatclgaj; 41 mg/kg every (7}529) (2:'/}59) (4.92- 1 5266:' 20)
JTO 2019 Y Sarcomatoid two weeks 9.12) ' ‘
platinum- ved 13
folate CT or mixed 1
Unknown 5
79
Pts
Mikami et | Retrospectiv | pretreated Epithelioid 27 66
al. e single- with at least 64 Nivolumab a9y | @7y 143 4.1
JCO 2020 centre one line of | Sarcomatoid
therapy 9
Biphasic 6
Pts for Pembrolizuma
25 20 72 18 54
Alley et al. Ib whom b 10 mg/kg i o
standard every 2 weeks (5/25) | (18/25) | (9.4-NR) (3.4-7-5)
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Lancet therapy Epithelioid
Oncol failed 18
2017 Sarcomatoid
2
Biphasic 2
Unknown 3
Pts
progressed
after 64
platinum- T .
Desai et al. I pemetrexed, EpltZ(;llOld kI)D g?obﬁggg& 22 63 115 4.1
JTO 2018 v_vho Sarcomatoid 3 weeks (14/64) | (40/64) (na) (na)
received no 5
more than . .
two lines of Biphasic 10
therapy
Pts
progressed 73¢
Popat et al. after Pembrolizuma
) o 22 45 10.7 2.5
Ann Oncol I previous Epithelioid | b 200 mg every
2019 platinum- 66 3 weeks (16/73) ¢ | (33/73) | (7.6-ne) (2.1-4.2)
based Other 7
CT
13
. . Pts Epithelioid 9
M:;T:{e“ R?g;gfglv progressed | Sarcomatoid | Pembrolizuma 18 81 20.9 5.7
JCO2020 |  centre toa 2 b (@11) | enL) | (na) (na)
previous CT | Biphasic 1
Despoplastic
1

Abbreviations. ORR: objective response rate; DCR: disease control rate; OS: overall survival; PFS:

progression-free-survival; Pts: patients; Cl: interval confidence; CT: chemotherapy; NR: not reached; ne: not
estimable; na: not available

a Calculated among patients evaluable for disease response or outcomes
b DCR at 12 weeks from randomization
¢ Pembrolizumab cohort
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Table 2. Main characteristic of trials reporting activity according to PD-L1 expression

Population Median OS | Median PFS
PD-L1 IHC PD-L1 | evaluable for | ORR in PD-L1 in PD-L1 in PD-L1
Study threshold antibody PD-L1 positive pts positive pts | positive pts
clone (PD-L1 % (n) months months
positive pts) (95% CI) (95% CI
Hassan et al.
19 20.2 5.3
0 -
JAMA Oncol 5% 73-10 43 (16) (3/16) (4.9-n¢) (14-17.8)
2019
Quispel- 56
Janssen et al. 1% 28-8 33 (9) (5/9) na na
JTO 2018
ne ne
Okada et al. (HR OS .
Clin Cancer 1% 28-8 32 (20) (8‘/‘;)0) 0.542; 95% (Hg};;).gs ;
Res 2019 CI 0.208- °
1.415) 0.316-1.668)
Scherpereel et R 39
I:ﬂ 28-8 99 (16/41)
) 1% na na
Lancet Oncol 32
2019 SP-263 104 (15/47)
Alley et al.
20 18 54
V)
Lancet Oncol 1% 22C3 25 (5/25) (9.4-NR) (3.4-7-5)
2017
Desai et al. o 43
1TO 2019 50% 22C3 62 (14) (6/14) 12.5 4.9
Popat et al.
10.7 3.2
V)
Ango?gcol 1% E113N 51 (32) na (6.8-n¢) (1.9-4.2)

Abbreviations. IHC: immunohistochemistry; PD-L1: programmed death-ligand 1; ORR: objective response
rate; OS: overall survival; PFS: progression-free-survival; CI: interval confidence; HR: hazard ratio; ne: not
estimable, na: not available.
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Median Median Median
. Population ORR?2 | DCR® 0s? PFS@ PFS and
Study Phase Setting (subtypes) Drug %M | %(n) months months OS by
(95% CI) | (95% ClI) histology
Hassan et 53
al. progprtesssed Epithelioid 43 Avelumab 10 9 58 10.7 4.1
JAMA Phase Ib after platinum | Sarcomatoid 2 mg/kg every (5/53) | (31/53) | (6.4-20.2) | (1.4-6.2) na
Oncol : two weeks
2019 and mixed or
pemetrexed Unknown 8
. Pts 34
uispel- .
Tt o ohace 1| | SRodressed | g | velumabS g 47 11.8 2.6
ase after at least pithelioi mg/kg every " | na
JTOal2.018 one CT Sarcomatoid 2 WO weeks (9/34) | (16/34) | (9.7-15.7) | (2.23-5.49)
regimen Mixed 4
Ep vs non-
Ep
mOS 15.7
Vs 26.6
Fujimoto . months
etal. tztfnfjl'f;i?; 34 (HR 2.10,
JTO Clin 2 reaimens of Nivolumab 240 29 68 17.3 59 95% CI
and Phase Il cT ?ncluding Epithelioid 27 mg every two (10/34) | (23/34) (11.5- ( ﬁa) 0.73-6.11)
Research latinum- Biphasic 4 weeks 26.6)
Reports P Sarcomatoid 3 mPFS 3.9
2021 pemetrexed Vs 18.2
months
(HR 2.79,
95% ClI
1.03-7.56)
Pts b :
Scherperee progressed 63 Nivolumab 3 17 40°¢ 11.9 4
letal. | PPl | e first- or molkg every | 163y | (25/63) | (6.7-17.7) | (2.85.7) ne
' second-line Epithelioid 52 two weeks ‘ ' o
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Lancet platinum- Sarcomatoid or
Oncol pemetrexed biphasic 11
2019 CT
Non-Ep vs
Real- Pts 107 Ep
Cantini et progressed . mOS 4.8
al. (e\;(VOz:L%e after at least | Epithelioid 78 Ir\lnlv/()i!ur:\?;)rS (111;1)07 (48/710 6.7 2.3 vs 7.4
TLCR q a?:cess one cycle of | Sarcomatoid or t\?vo ?Neeksy ) 7) (6.2-10.0) | (1.6-2.9) months
2020 rogram) platinum- mixed 22 (HR 1.71,
prog folate CT Unknown 7 95% Cl
0.92-3.16)
Retrospec | Pts pretreated &
Mikami et 0P P
tive with at least S . 27 66
al. sinale- one line of Epithelioid 64 Nivolumab a971) | (4771) 14.3 4.1 na
102020 | 29 rera Sarcomatoid 9
Py Biphasic 6
Pts 221°
Fennell et progressed Nivolumab 240 11 64
al. Lancet after/on Epithelioid mg every two 10.2 3.0
oncol | Praselll | o tinum- 195 weeks (vs (25/)221 (12412)/ 2| (85-121) | (2.8-4.1) ne
2021 based Non- placebo)
CT Epithelioid 26
25
Pts for whom S Pembrolizumab
Alley et al. Epithelioid 18 28 18 5.8
JTO 2017 | Phaselb | standard oo aoigp | L0 MOkgevery | o | 76 1 9anNR) | (34-8.2) na
therapy failed Bi X 2 weeks (19/25)
iphasic 2
Unknown 3
Pts
progressed 64
. after Pembrolizumab
Desai et al. - o 22 63 115 4.1
Phase Il platinum- Epithelioid 49 | 200 mg every 3 na
JTO 2018 pemetrexed, | Sarcomatoid 5 weeks (14/64) | (40/64) (na) (na)
who received Biphasic 10

no more than




two lines of

therapy
Ep vs non-
Ep
:
Marmareli Retrospec Pts rani< )
tive Epithelioid 9 . 18 81 20.9 5.7 _
setal. . progressed to - Pembrolizumab p=0.31
single- X Sarcomatoid 2 (2/11) | (9/11) (na) (na)
JCO 2020 a previous CT - .
centre Biphasic 1
. MPFS 5 vs
Despoplastic 1 39 months
log rank
p=0.14
o Prtesssed 73 ¢ Pembrolizumab
Popat et al. paf?er/on 200 mg every 3 29 45 10.7 25
Ann Oncol | Phase IlI platinum- Epithelioid 66 weeks (vs (16/73) | (33/73) | (7.6-15.0) | (2.1-4-2) ne
2020 based Non- mono-
oT Epithelioid 7 chemotherapy)
118
Yap et al. Pts S .
Lancet progressed or | Epithelioid 82 | Pembrolizumab 8 46 100 (7.6- | 21 (2.1-
: Phase Il ineligibleto | Sarcomatoid 9 | 200 mg every 3 | (10/118 | (54/11 P ey na
Respir . . 13.4 3.9)
Med 2021 standayd Biphasic 10 weeks ) 8)
therapies na 17
Zg?il:]?ga?l' Retrospec | Pts pretreated 14 Pembrolizumab
Lun tive, with at least Epithelioid 13 (n=12), 21 43 na na na
c g single- one line of pih nivolumab (3/14) | (6/14)
ancer h Mixed 1 )
2021 centre therapy (n=2)

Abbreviations. ORR: objective response rate; DCR: disease control rate; OS: overall survival; PFS: progression-free-survival; Pts: patients; Cl: interval
confidence; CT: chemotherapy; NR: not reached; ne: not estimable; na: not available; Ep: epithelioid; non-Ep: non epithelioid; iv: intravenous.




a Calculated among patients evaluable for disease response or outcomes
b Nivolumab cohort

¢ DCR at 12 weeks from randomization

d Pembrolizumab cohort
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Table 2. Main characteristic of trials reporting activity according to PD-L1 expression

Population Median OS | Median PFS
IHC PD-L1 | evaluable for | ORR in PD-L1 in PD-L1 in PD-L1
PD-L1 . . o .
Study antibody PD-L1 positive pts positive pts | positive pts
threshold
clone (PD-L1 % (n) months months
positive pts) (95% CI) (95% CD)
Hassan et al.
19 20.2 5.3
0 -
TANA Oneol 3% 73-10 43 (16) (3/16) 49ne) | (14-17.8)
Quispel- 56
Janssen et al. 1% 28-8 33 (9) (5/9) na na
JTO 2018
Fujimoto et
al. o 40 19.1 7.2
JTO Clin and 1% 28-8 32(20) (8/20) (ne) (ne)
Res Reports
Scherpereel et 28-8 99 39
(16/41)
al. 1% na na
Lancet Oncol 32
2019 SP-263 104 (15/47)
Cantini et al. o SP263 or 5.4 4.2
TLCR 2020 1% 22C3 333D 36 @1 (ne) (ne)
Fennel et al.
Lancet Oncol 1% 22C3 161 (60) 2 12 (7/60) ® na na
2021
Alley et al.
20 18 5.4
V)
Lancze(;tl(gncol 1% 22C3 25 (5/25) (9.4-NR) (3.4-7-5)
Desai et al. 0 43
JTO 2019 50% 22C3 62 (14) (6/14) 12.5 4.9
Popat et al. 1382 e
0 b a . .
Ango(gr(;col 1% E1L3N 69 (31) 29 (9/31) (7.5-NR) (1.9-43)
Yap et al.
Lancet 0
Respir Med 1% 22C3 108 (77) 12 (9/77) na na
2021

Abbreviations. IHC: immunohistochemistry; PD-L1: programmed death-ligand 1; ORR: objective response
rate; OS: overall survival; PFS: progression-free-survival; Cl: interval confidence; HR: hazard ratio; ne: not

estimable; na: not available; NR: not reached.

a Pembrolizumab cohort
b Nivolumab cohort



https://www.editorialmanager.com/croh/download.aspx?id=164361&guid=69d7fb6f-949d-4229-8f87-c7bf8edddf03&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164361&guid=69d7fb6f-949d-4229-8f87-c7bf8edddf03&scheme=1

Figure 1 Click here to access/download;Figure;Figure 1.png %

947 potentially relevant
studies

912 primarily excluded
(reviews, editorials case
reports_non interventional
studies)

3S poteatially relevant

studies

22 exclnded
(trial design report only,
combination (rials first
line trials not lu English)

1S studies with single
agent PD-1/PD-L1

inhibitors
3 eacluded dae (o the inclusion

of treatment-nalve patiests, |
1 velevaut paper from alter multi-modality
International Meeting freatment, 1 diffecent drug
dosages, 1 lack of data an
aMM patients

10 studies selected for
the analysis



https://www.editorialmanager.com/croh/download.aspx?id=165006&guid=d840c559-36b7-4c34-9af5-cf6335da1791&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=165006&guid=d840c559-36b7-4c34-9af5-cf6335da1791&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2.png 2

ORR (95% coulideace interval)

== Hassan et al JAMA Oucol 2019

- 0.09 (0,04 -0.20)
== Quispel-Janssen ef al JTO 2018

0.26 (0,15-0.43)
= Okada et al Clin Cancer Res 2019

029 (0.17 - 0.46)
= =Scherpereel et al Lancet Oncol

e 0.17 (0.10-0.29)
~o=Dumoulin e al JTO 2019 - 0,12 (0.06-0.23)
== \ikamiet al JCO 2020 o 027 (0.18 - 0.38)
=@~ Alley et al Lancet Oncol 2017 - 0.20 (0.09 - 0.39)
—=Desalet al JTO 2018 =g 22(0.14-03%)
~a-Popatetal Aun Oncol 2019 - 022 (0.14.0.33)
=o=Marmarells ¢t al. JCO 2020 - 0.18 (0.05-0.48)

- A ggregate

—T— 0.20(0.17 - 0.24)

+
—l
r
p
-

v

01 02 03 0.4 0s 0.6 0.7


https://www.editorialmanager.com/croh/download.aspx?id=165007&guid=f342c11d-f493-4782-9a3d-8d4b78596e9f&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=165007&guid=f342c11d-f493-4782-9a3d-8d4b78596e9f&scheme=1

Figure 3 Click here to access/download;Figure;Figure 3.png 2

ORR (95% conlidence interval)

~@=Hassan et al JAMA Oncol 2019 -t 0,19 (0,07 - 0.43)

~p=Quispel-Janssen ef al JTO 2018 = 0.56 (0.27-0.81)

=o=0Okada et al Clin Cancer Res 2019 0.40 (0.22-0.61)

~=Scherpereel et al Lancet Oncol 2019 0.39(0.26 - 0.54)
(THC 28-8)

~a=Scherpereel et al Lancet Oncol 2019 |- 0.32 (0.20 - 0.46)
(THC SP-263)

== A lley et al Lancet Oncol 2017 > 0.20 (0.09 - 0.39)

~a-Desatet al JTO 2018 ~- 0.43(0.21-0.67)

== A guregate (with Scherpereel et al > 034(0.27_043)
THC 28-8)

== A garegate (with Scherpereel et al + 0.32 (0.25 - 0.40)

THC SP-263)



https://www.editorialmanager.com/croh/download.aspx?id=165008&guid=0856ed29-0992-47db-b49d-d49d90b200f5&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=165008&guid=0856ed29-0992-47db-b49d-d49d90b200f5&scheme=1

Figure 4 Click here to access/download;Figure;Figure 4.png =

0.0}

Standard Error

0.2

03 1 ) | . l A 1 i | ) | A |
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

Proportion



https://www.editorialmanager.com/croh/download.aspx?id=165009&guid=93fde46f-d3e2-4931-bcfa-84a84138e64e&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=165009&guid=93fde46f-d3e2-4931-bcfa-84a84138e64e&scheme=1

Figure 5 Click here to access/download;Figure;Figure 5.png 2

0.0}

O

Standard Error

0.2

03 1 » 1 A l : 1 ‘ | . 1 A | : |
-02 00 02 04 06 08 10 12

Proportion



https://www.editorialmanager.com/croh/download.aspx?id=165010&guid=4c6fb295-b370-40ca-8beb-5b6fbc8ebea3&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=165010&guid=4c6fb295-b370-40ca-8beb-5b6fbc8ebea3&scheme=1

Figure 7 Click here to access/download;Figure;Figure 7_ORR PDL1 funnel plot
(Scherpereel SP-263).pptx

0.0

0.1
/o

0.3
/ o

0.4

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Proportion


https://www.editorialmanager.com/croh/download.aspx?id=164370&guid=96d97dbb-2afc-4e22-b84c-f266f3d50f48&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164370&guid=96d97dbb-2afc-4e22-b84c-f266f3d50f48&scheme=1

Figure 1 Click here to access/download;Figure;Figure 1-consort.pptx %

973 studies

921 primarily excluded
(reviews, editorials, case
reports, non interventional
studies)

52 potentially relevant
studies

37 excluded
(trial design report only,
combination trials, first-
line trials, not in English)

15 studies with single-
agent PD-1/PD-L1

inhibitors _ _

4 excluded due to the inclusion
3 rel t studi of treatment-naive patients, 1
f re G‘;Vin > l: |esl due to the inclusion of patients
rom Internationa treated with immunotherapy

Meetings

doublet and not reporting the
response rate

13 studies selected for
the meta-analysis



https://www.editorialmanager.com/croh/download.aspx?id=164362&guid=c1f9cf2c-6b18-4481-a76d-cfa6656d9f27&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164362&guid=c1f9cf2c-6b18-4481-a76d-cfa6656d9f27&scheme=1

Figure 2 Click here to access/download;Figure;Figure 2_ORR forest plot.pptx %

Alley 2017 — B

Desai 2018 L B

Quispel-Janssen 2018 |— .

Scherpereel 2019 — .

Hassan 2019 — .

Marmarelis 2020 — ]

Cantini 2020 —

Popat 2020 - L]

Mikami 2020 - .

Fujimoto 2021 — .

Fennel 2021 — —.—
Yap 2021 - ]

Zhou 2021 —

Total (fixed effects) —

O
S
Total (random effects) |— —l

] ] ] ] ] ] ] ] ] ] ] ] ]
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Proportion



https://www.editorialmanager.com/croh/download.aspx?id=164363&guid=80ff1094-e115-45b5-b505-dd2a21dcfa4d&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164363&guid=80ff1094-e115-45b5-b505-dd2a21dcfa4d&scheme=1

Figure 3 Click here to access/download;Figure;Figure 3_DCR forest plot.pptx %

Alley 2017 — B

Desai 2018 - .

Quispel-Janssen 2018 |— .

Scherpereel 2019 — .

Hassan 2019 — .

Marmarelis 2020 — |

Cantini 2020 - ]
Popat 2020 - L]

Mikami 2020 - .

Fujimoto 2021 — .

Fennel 2021 — —.—
Yap 2021 - ]

Zhou 2021 — O
Total (fixed effects) — >
Total (random effects) }— o
] ] ] ] ] ] ] ] ] ] ]
0.0 0.2 0.4 0.6 0.8 1.0

Proportion


https://www.editorialmanager.com/croh/download.aspx?id=164364&guid=3546c947-1666-4f36-99d0-306e66baf862&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164364&guid=3546c947-1666-4f36-99d0-306e66baf862&scheme=1

Figure 4 Click here to access/download;Figure;Figure 4_ORR PDL1 forest plot
(Scherpereel SP-263).pptx

Alley 2017 — B

Quispel-Janssen 2018 |— |

Scherpereel 2019 — .

Hassan 2019 — B

Desai 2019 — B

Popat 2020 — B

Cantini 2020 — |

Fennel 2021 — .

Yap 2021 —

Fujimoto 2021 —

Total (fixed effects) — ’

Total (random effects) f—

0.0 0.2 0.4 0.6 0.8 1.0
Proportion


https://www.editorialmanager.com/croh/download.aspx?id=164365&guid=b80482a3-73bb-401a-ba55-9623bfe27c7e&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164365&guid=b80482a3-73bb-401a-ba55-9623bfe27c7e&scheme=1

Figure 5 Click here to access/download;Figure;Figure 5_ORR funnel plot.pptx %

0.0
O
O
/ %
O o
0:0
O
OO

0.2 / Q

/ ©)

0.3

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
Proportion


https://www.editorialmanager.com/croh/download.aspx?id=164366&guid=42613d20-0bd9-4d28-b6f7-83f30155500d&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164366&guid=42613d20-0bd9-4d28-b6f7-83f30155500d&scheme=1

Figure 6

0.0

0.1

0.2

0.3

Click here to access/download;Figure;Figure 6_DCR funnel plot.pptx =

Z ©
O
C O
O
O
O
/ o
L
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Proportion


https://www.editorialmanager.com/croh/download.aspx?id=164367&guid=9b260c1b-6123-4236-9b03-428c3e1c51fc&scheme=1
https://www.editorialmanager.com/croh/download.aspx?id=164367&guid=9b260c1b-6123-4236-9b03-428c3e1c51fc&scheme=1

Supplementary figure 1

Alley 2017 - B

Quispel-Janssen 2018 |— |

Scherpereel 2019 — .

Hassan 2019 — B

Desai 2019 — B

Popat 2020 - B

Cantini 2020 — |

Fennel 2021 — .

Yap 2021 —

Fujimoto 2021 —

Total (fixed effects) — ‘

Total (random effects) f—

0.0 0.2 0.4 0.6
Proportion



\

0.0

0.1

0.2

0.3

0.4

Supplementary figure 2

- O
o
C
/ O
o
o
o
1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Proportion



Highlights (for review)

Highlights:

e  First systematic review on single-agent immune checkpoint inhibitors (ICls) against PD-1/PD-L1 in

pre-treated advanced malignant mesothelioma
Single-agent ICls could lead to 18.1% response rate and 55.4% disease-control rate in pre-treated

advanced malignant mesothelioma
e This result compares favourably with historical data with single-agent chemotherapy

e Predictive factors of immunotherapy efficacy are still lacking
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