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Chapter 1

In the last couple of decades, the world of clinical oncology has witnessed remarkable 
changes in the way cancer has been studied and treated. Starting from a period in 
which cancer was seen as the sum of genetic modifications and limitless replicative 
power in somatic cells, which brought to the identification of driver oncogenes 
or tumor-suppressor genes as key factors to guide the development of targeted 
chemotherapies, researchers have now learned to finally appreciate the crucial role 
that the immune system plays in controlling cancer growth.

In reality, immunology and oncology have a longer relationship, and interconnections 
between the two fields have been studied over the past century. The fact that 
thymectomized mice were more susceptible to developing cancer after exposure 
to carcinogens (e.g., 3,4-benzopyrene)1 and polyoma virus2,3 and the observed 
increased rate of tumors in immunosuppressed humans (e.g., following therapy for 
transplantation)4, led to the theory of immunesurveillance that was initially conceived 
by Ehrlich5 and supported by Burnet6.

The question on how tumors trigger tumor immunity was addressed in the cancer 
immunoediting hypothesis7. According to this theory, in a first phase the immune 
system locates and eliminates (pre-) cancerous cells, yet if some cell variants escape 
this control, an equilibrium phase is reached with cells of the adaptive immune 
system restraining the growth of tumor cells. In a later phase, immune selective 
pressure on unstable tumor cells can lead to the onset of cell variants that escape 
immune control and ultimately become clinically apparent.

This phenomenon has been observed to occur not only in pre-clinical models but 
also in humans. This has been proven by multiple observations, spanning from the 
correlation between tumor infiltrating lymphocytes (TILs) and better prognosis8 to 
the increased CD8+ T cell frequency observed in regressing in-situ carcinomas9.

Tumors display multiple mechanisms to evading the immune response, by 
downregulating antigen expression on their surface and in the context of MHC 
molecules, secreting immunosuppressive cytokines, or recruiting immune 
suppressive cell types10.

Even when tumors are successfully invaded by anti-tumor T cells, shaping an 
immunogenic phenotype known as the ‘inflamed’ phenotype, some elusive 
mechanisms can come into play to impair activation of T cells and spontaneous tumor 
killing11. An effective T cell activation via the T cell receptor (TCR) normally requires 
not only the signal derived by antigen recognition but also a costimulatory signal. 
This response is also controlled by inhibitory checkpoint molecules on antigen-
experienced effector T cells, such as CTLA-4 (CD152) and PD-1 (CD279), which by 
interacting with B7 proteins on antigen-presenting cells (APCs) or non-immune cells 
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(such as CD80, CD86, PD-L1, and PD-L2), prevent unrestrained T-cell activation12. 
Chronic antigen exposure, which occurs in viral infections but also in cancer, induce 
exhaustion of activated T cells and upregulation of the pathways regulated by CTLA-4 
and PD-1 which in turn downregulates T cell activities13.

These discoveries led to the pharmacological development of immune checkpoint 
inhibitors (ICIs), antagonistic antibodies directed towards known targets of exhaustion 
including PD-1 and CTLA-4 that enable T cells to proliferate and respond more 
vigorously against the tumor14,15. Immunotherapies that were developed in the 
past decades were primarily focused on broadly amplifying immune activation 
mechanisms thus resulting in rare objective responses and frequent toxicity. 
Contrarily, the use of these blocking antibodies aiming at selectively restoring the 
tumor-induced immune deficiencies has represented a breakthrough in the history 
of modern oncology, initiating a Renaissance for cancer immunotherapies.

Nowadays, ICIs represent the standard of care across a wide range of solid tumor 
types, and their use has resulted in unprecedented clinical responses in difficult-to-
treat cancer histologies16.

This introductory chapter will review recent advances in tumor immunology and 
immunotherapy, with a special focus on lung cancer and mesothelioma. An outline 
of the thesis, with the different research questions addressed in every chapter, will 
be also presented.

Rationale for immunotherapy in lung cancer and mesothelioma

Both lung cancer and mesothelioma include different biological entities, whose 
multi-faced genomic and phenotypic features cannot be fully encompassed by 
traditional histological classification. Immunotherapy has been one of the greatest 
advances in clinical research for these neoplasms, with ICIs reaching approval by 
health authorities and being authorized as standard treatment17–19. Albeit the use of 
this type of immunotherapy has been recently expanded beyond non-small cell lung 
cancer (NSCLC) to include treatment of small cell lung cancer (SCLC) and malignant 
pleural mesothelioma (MPM), every cancer entity deserves separate chapters to 
fully characterize the rationale upon this treatment and to further fuel its potential 
of action. As data in NSCLC are more mature than in SCLC and MPM, the following 
overview will focus on the differences among the three tumor types.

Non-small cell lung cancer
After decades of repeated failures, the treatment scenario in NSCLC has seen 
remarkable changes, making this cancer entity as one of the most interesting 
paradigms for the development of new-generation therapies. Starting from its 
approval in the recurrent metastatic setting in 2015, we have witnessed a Renaissance 

1
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of immunotherapy for NSCLC with ICIs (especially those targeting the PD-1/PD-L1 
axis) making their way till the multimodal treatment of locoregional disease20.

Despite the success of this strategy, which has led to a remarkable survival gain for 
some NSCLC patients, primary and acquired resistance occur in most of the cases21, 
highlighting the need for further optimizing and fueling research in this setting. In 
addition, tumor responses often come at the price of new forms of toxicities, which 
should be properly managed to improve treatment benefit. Therefore, understanding 
the biological bases which prompted the investigation of immunotherapy in NSCLC 
is a crucial step to identify predictive biomarkers of response and toxicity.

By directly looking at immune cell population at tumor site or more indirectly 
measuring PD-L1 expression, interferon gamma-related signatures, NSCLC is 
considered an immunogenic tumor22–25. A crucial step for the induction of an antitumor 
immune responses is the recognition of cancer cells as foreign and NSCLC is largely 
caused by chronic exposure to mutagens such as carcinogens in cigarette smoke26. 
As such, it exhibits one of the highest prevalence of somatic mutations across cancer 
types27. This burden of nonsynonymous mutations usually observed in NSCLC28, often 
translates in an elevated neoantigen expression, playing a central role in antitumor 
immunity. However, there is large variability in tumor mutational burden (TMB) within 
different NSCLC types, with tumors in never-smokers generally showing less somatic 
mutation compared with smoking counterparts29. This makes the pair with a marked 
heterogeneity in PD-L1 expression on tumor cells30. In fact, while PD-L1 expression 
has been reported to be greater than or equal to 1% of tumor cells in approximately 
60% of advanced NSCLC, only 25% to 30% of cases have documented high levels 
(>50% of tumor cells) of expression. Moreover, while TMB levels have been associated 
with immune cell infiltration and an inflammatory T-cell–mediated response31, only a 
weak association between TMB and PD-L1 expression has been found in NSCLC32–34. 
At first, this inter-tumor variation was thought to be related to the use of multiple 
PD-L1 immunohistochemistry (IHC) assays/platforms, yet recently many efforts have 
been done to harmonize their clinical use30. Nevertheless, PD-L1 expression has been 
observed to vary also intra-tumor, across different anatomical sites and to change 
during disease course35. This reveals the complexity of dissecting the mechanisms 
of antitumor immune response in NSCLC.

Compared to normal tissue, NSCLC tumors contain higher CD3+ lymphocytes, CD8+ 

cytotoxic cells, CD8+/CD45R0+ effector memory cells36–40, and elevated levels of these 
T-cell subsets are correlated with better prognosis41,42. CD4+ helper T cells, regulatory 
T cells (Tregs), CD19+/CD20+ B-lymphocytes (in a smaller percentage compared to 
T cells, often grouped in tertiary lymphoid structures) are also present in the tumor 
microenvironment (TME) of NSCLC tumors36,38. Moreover, T cells infiltrating the 
tumor often express immune inhibitory receptors, such as PD-1, LAG-3, and TIM-3, 
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supporting the presence of an ongoing immunoediting process43. Contrary, innate 
immune cells (encompassing macrophages, dendritic cells (DCs) and NK cells) are 
present at a lower level in NSCLC compared to normal lung tissues37,40, yet their 
association with outcome is not fully elucidated44,45. These observations made by 
immunohistochemical staining are somehow mirrored by RNA sequencing data, 
showing that NSCLC tumors have a high calculated leukocyte fraction and often 
co-express CD8A and PD-L1 transcripts46,47. Taken globally, these data render NSCLC 
an immunologically active or “T-cell inflamed” tumor.

Differences in terms of immune composition and milieu have also been reported 
among histology variants 22,23,36,39,48,49 and among NSCLC harboring distinct mutational 
landscape50 and should be taken into account to fully unleash the potential of 
immunotherapy in this malignancy. It is now well established that either the activation 
of driver oncogenes or the occurrence of genomic alterations in key tumor suppressor 
genes can promote the protumor phenotype of the TME51–54. For example, genomic 
alterations in STK11/LKB1 (present in approximately 18% of NSCLC adenocarcinomas 
(ADCs)) have been associated with recruitment of immunosuppressive myeloid 
cells (predominantly neutrophils) in mice models, T cell exclusion (low TILs) and 
reduced expression of PD-L1 on tumor cells of NSCLC patients, regardless of TMB 
levels55. Similarly, somatic mutations in KEAP1, PIK3CA and PTEN are associated 
with immunologically cold tumors, reduced recruitment and function of NK cells, 
and lower levels of PD-L1 expression56–59. On the contrary, inactivation of TP53 is 
associated with higher TMB and increased CD8+ T-cell infiltrate in ADC60,61. As a result 
of the signaling pathway activation, most of the oncogene-addicted forms of NSCLC 
(main data concern EGFR-mutated and ALK-translocated NSCLC) are generally 
associated with high PD-L1 expression levels62,63 yet still with impaired tumor 
immunogenicity64,65 as witnessed by low TMB and reduced T-cell infiltration. Since 
most of the data on oncogenic pathways and co-mutations derive from retrospective 
studies, a better understanding of the exact mechanisms through which genotype 
influences immunophenotype in NSCLC is crucial to identify genomic correlates of 
response and resistance to immunotherapy.

So far, most of the developed therapeutic strategies that target NSCLC have been 
directed at the negative immune checkpoints signaling66. However, as learned from 
the benchmark study of Chen et al.67, many steps of the cancer-immunity cycle need 
to be accomplished for the immune system to effectively kill cancer cells. These steps 
are controlled by a series of positive and negative regulators that can be impaired at 
different levels yet can be potentially regulated by new immunotherapeutic agents. 
In addition, host–tumor interactions at a systemic level have demonstrated to be 
associated with tumor development/progression and response to immunotherapy 
in NSCLC. Many host factors such as gender, body mass index (BMI), smoking 
habits, concomitant medications, and gut microbiota have shown correlation with 

1
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outcome under ICIs68. For this reason, research is currently ongoing dissecting the 
characteristics and dynamic interactions within the interface host–tumor. It still needs 
to be clarified whether targeting these systemic host-associated factors in NSCLC 
by changing lifestyle or restoring normal blood levels of proteins, metabolites, and 
electrolytes will ultimately improve the fitness of immune system and boost cancer 
immunotherapy.

Small cell lung cancer
SCLC accounts for about 15% of all new lung cancers. The carcinogenesis process is 
strongly associated with smoking, with specific molecular signatures (such as C:G > 
A:T transversions) found one-third of patients69. This pathogenesis related to smoking 
exposure might explain why SCLC is placed among the tumor types with the highest 
mutational loads27,70. This feature can lead to a release of tumor neoantigens capable 
to stimulate an anti-tumoral immune response. However, for many years, research 
has failed to identify new treatments in this neoplasm, including immunotherapy. In 
particular, chemotherapy-free ICI trials in SCLC have not generated solid evidence71–73.

Interestingly, PD-L1 expression levels in SCLC are generally lower than NSCLC, with 
17% to 31% of cases expressing PD-L1 above 1% and only a minority expressing very 
high levels (above 50%)74,75. The immunohistochemical classification performed 
on SCLC also revealed a lower TILs percentage, with 264.6 CD8+ cells/mm2 in the 
peritumoral compartment of SCLC, compared to 1040.8 CD8+ cells/mm2 reported 
in lung ADCs and 1365.6 CD8+ cells/mm2 in squamous cell carcinomas (SCCs), 
confirming a less cytotoxic T-cell profile76.

Due to the limited adaptive immune response, the relationship between TILs and 
outcome in SCLC has not been clarified, yet lower ratio between suppressive cells 
and CD3+ cells has been demonstrated in tumors of long-term survivors77. Down-
regulation of MHC antigens, immunosuppression induced by SCLC tumor cells, 
autocrine and paracrine regulation might also explain the negative influence on the 
antitumor immune response78,79. For this reason, finding the perfect companion for ICIs 
(moving beyond the standard platinum-based chemotherapy) is crucial in SCLC. The 
best would be to find an agent (either chemotherapy or other agents) able to enhance 
immune infiltration/activation and/or modulate the immunosuppressive TME, thereby 
promoting the effect of ICIs on effector T cells and leading to a synergistic more than 
just an additive effect.

Mesothelioma
MPM is an aggressive malignancy arising from mesothelial cells of the pleura whose 
pathogenesis is related to mineral fibers (such as asbestos and erionite) exposure. 
Following the success in lung cancer, immunotherapy have been actively investigated 
in the context of MPM80.
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The modest response rate observed with ICI monotherapy has been initially 
ascribed to the low TMB, unusual for a cancer derived by exposure to environmental 
carcinogens81. However, it is possible that currently available NGS approaches are 
not able to capture the full genomic complexity of MPM, being unable to identify 
recurrent inter- or intra-chromosomal structural rearrangements in patterns such 
as chromoplexy or chromothripsis81. In fact, these rearrangements can generate 
truncations or fusion transcript, which have neoantigenic potential similar to insertion 
and deletion.

Also looking at pathogenesis, MPM seems to be strictly linked to inflammatory and 
immune response (Figure 1). The interaction between asbestos fibers and immune 
cells initiates a process of chronic inflammation that last up to 30-40 years. However, 
when asbestos fibers are phagocytized by macrophages, this leads to the production 
of reactive oxygen species (ROS), inflammatory cytokines, growth factors and attracts 
a wide spectrum of immunosuppressive and stromal cells, which in turn enhance 
tumor progression and shape a TME which is predominantly immunosuppressive82. 
Continued exposure to asbestos has also a direct effect on both CD8+ and CD4+ 
T cells, dampening differentiation, cytokine production and impairing their anti-
tumor activity83,84. A key role in shaping the immunosuppressive and anergic profile 
of the MPM TME is played by soluble factors, such as cytokines and chemokines. 
For example, C-C motif chemokine ligand 2 (CCL2) inflammatory chemokine and 
macrophage colony-stimulating factor (M-CSF) promote monocyte recruitment and 
skew them toward a pro-tumorigenic phenotype (M2 macrophages)85–87. Consequently, 
tumor associated macrophages (TAMs) become prominent in the TME, accounting 
for about 25-40% of total immune infiltrates and boosting the immunosuppressive 
phenotype of TME. Through secretory molecules, they lead to higher expression of 
cancer stem cell markers and promote infiltration of Tregs, rendering mesothelioma 
cells more treatment resistant88–90. According to a study by Cornelissen et al.91, the 
CD163+/CD68+ ratio (CD163+ representing M2 phenotype and CD68+ positive cells 
representing all macrophages phenotypes) in epithelioid MPM tumor tissue would 
correlate with overall survival (OS) better than the total number of macrophages. 
Skewing macrophages phenotype rather than just depleting them could then be 
more efficient in eliciting the anticancer response92,93. Myeloid-derived suppressor 
cells (MDSCs), which consist in both polymorphonuclear (PMN-MDSC) and monocytic 
(M-MDSC), also detain a central role in shaping the MPM TME94. They produce ROS 
and secrete growth factors which in turn activate epithelial–mesenchymal transition 
(EMT) of cancer cells, angiogenesis95,96, and suppress innate and adaptive immunity97, 
promoting the state of anergy. At the same time, DCs inside MPM TME are highly 
dysfunctional, causing impaired antigen presentation and affecting cytotoxic T-cell 
action. When exposed to mesothelioma cells, immature human monocyte-derived 
DCs (MoDCs) accumulate a higher lipid content and this translates into a reduced 
antigen processing ability and production of the tolerogenic cytokines, such as IL-1098. 

1
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As dendritic cell function is hampered in MPM, their generation ex vivo and usage 
as cancer vaccines is currently tested in patients. In pre-clinical models, a better 
outcome was achieved when DCs were injected early in tumor development99,100. A 
high tumor load is correlated with an increase of tumor-induced immunosuppression. 
Giving DC vaccination also after surgically reducing tumor load could therefore 
possibly improve clinical outcome and response to therapy.

MPM TME is also composed by a higher percentage of exhausted T cells, as 
demonstrated by many studies looking at PD-1, CTLA-4, T-cell immunoglobulin 
and mucin domain 3 (TIM-3), and T cell immunoreceptor with Ig and ITIM domains 
protein (TIGIT) expression on CD8+ T cells101. However, the prognostic role of TILs 
quantitative infiltration and phenotype is more controversial than in other cancer 
types. While first observations suggested that CD8+ TILs represented a significantly 
better prognostic factor for surgically resectable patients102, new studies with larger 
sample size indicated that high TILs (CD4+ and CD8+ T cells) infiltration correlated 
with non-epithelioid histology (characterized by worse prognosis with standard or 
no treatment), higher PD-L1/PD-L2 expression and worse prognosis103. Accordingly, 
Pasello et al. showed that sarcomatoid and biphasic MPM samples were characterized 
by higher CD8+ T cells, while epithelioid tumors had higher peritumoral CD4+ T and 
CD20+ B lymphocytes104.

In conclusion, despite its anergic and immunosuppressive TME, MPM should not be 
confused for a “cold” cancer, but rather interpreted as a malignancy with “altered” 
TME, further categorizing it as “immunosuppressed” (with TILs infiltrating the tumors 
without carrying out any meaningful activity) or “excluded” (with TILs but not beyond 
the invasive margin)105. Along this line, two different gene expression studies have 
suggested to move further the traditional histological classification which entails 
three discrete entities: epithelioid, biphasic and sarcomatoid MPM. Alcala et al. 
have identified a continuum of expression profiles, with two bad-prognosis profiles 
at one extreme: a “hot” bad-prognosis profile, with high lymphocyte infiltration and 
high expression of immune check points and pro-angiogenic genes; a “cold” bad-
prognosis profile, characterized by low lymphocyte infiltration106. At the other side of 
the spectrum, they identified another subgroup characterized by better prognosis, 
with high expression of VISTA (another immune checkpoint mainly expressed in 
epithelioid histotypes) and vascular endothelial growth factor receptor 2 (VEGFR2)106. 
Patil et al. have also recognized three MPM subgroups based on IHC and immune 
gene expression analysis: group 1 showing an immunologically ignorant or desert-
like phenotype, group 2 having moderate expression of T-cell effector genes and 
high expression of B-cell genes, and group 3 being associated with higher PD-L1 
expression levels and high expression of T effector cells107. This type of studies study 
paves the way for a rethinking of the concept of MPM as a low TMB tumor, underlining 
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the importance of dissecting its genetic but also pathophysiological vulnerabilities 
to deepen the role of immunotherapy in this neoplasm.

Figure 1. The role of immune cells in shaping the tumor microenvironment (TME) of meso-
thelioma. After penetrating the pleural space, asbestos fibers interact with both mesothelial 
cells and immune cells (macrophages), leading to tissue damage and local inflammation. Re-
cruited macrophages are unable to digest these fibers, therefore they start producing reactive 
oxygen species (ROS) and proinflammatory mediators such as TNF-a and IL-1β, supporting 
carcinogenesis. In particular, IL-1β binds to IL-1R on mesothelial cells inducing cell survival 
and proliferation, while TNF-a promotes NF-kB pathway in mesothelial cells, supporting their 
survival to asbestos fibers. ROS also lead to DNA damage in mesothelial cells, inducing cell 
death and release of damage-associated molecular patterns (DAMPs) such as High Mobility 
Group Box 1 protein (HMGB1), which in turn binds to TLR2, TLR4 and Advanced Glycation End-
products (RAGE), promoting carcinogenesis and tumor progression.

Once the tumor is established, tumor-associated macrophages (TAMs) play a key 
role in the TME. C–C chemokine ligand 4 (CCL4), C–C chemokine ligand 5 (CCL5) 
and C-X-C motif chemokine ligand 12 (CXCL12), are among the factors secreted by 
MPM cells that promote TAM recruitment. Similarly, IL-34 and macrophage colony-
stimulating factor (M-CSF) boost TAM activation, by binding to colony stimulating 
factor-1 receptor (CSF- 1R) on TAM surface. TAMs induce an immunosuppressive 
TME, recruiting regulatory T cells (Tregs) via C-C motif chemokine ligand 22 (CCL22) 
and dampening the activity of CD8+ T cells. The activity of CD8+ T cells inside the 
TME is also inhibited by myeloid-derived suppressor cells (MDSCs) that, besides 
enhancing angiogenesis and epithelial–mesenchymal transition (EMT), produce 
ROS and nitric oxide (NO) that affect IFNγ synthesis by CD8+ T cells. On the other 
hand, mesothelioma cells can suppress antigen-presentation activity of dendritic 

1
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cells (DCs), by releasing immunosuppressive cytokines, such as IL-10, which induce 
intracellular lipid accumulation and reduce major histocompatibility complex ii 
(MHC-II) expression on DC surface. Finally, in such an immunosuppressive milieu 
CD8+ T cells, MDSCs and TAMs increase the expression on their surfaces of immune 
checkpoint molecules such as PD-1, PD-L1, TIM3, T-cell immunoreceptor with Ig 
and ITIM domains protein (TIGIT) that ultimately restrain the antitumor activity of the 
immune system. Created with https://biorender.com/

From pharmacokinetics to safety data

The complexity of the anticancer immune response provides enormous opportunities 
for different immuno-oncology agents. Among the different strategies being tested 
in the context of lung cancer and MPM, ICIs (especially the one targeting the PD-L1/
PD-1 axis) have faced an unprecedented success, mainly attributable to their 
favorable response-to-toxicity profile. However, in some cases ICIs can lead to a 
broad and non-tumor specific activation of the immune system, which becomes 
supra supraphysiologic and translates in the onset of immune-related adverse 
events (irAEs)108. Since new agents entered the market, clinicians had to study the 
mechanism of action of immunotherapy and learn how to manage specific toxicities109. 
As documented by randomized trials and real-life reports in lung cancer110–112, ICI 
monotherapy is generally well tolerated (few grade 3–5 irAEs), with only about 5% 
discontinuing treatment because of irAEs. A higher rate (up to 10%) of grade 3 to 5 
toxicity has been observed with combinations of anti-PD1/PDL1 and anti-CTLA4, such 
as nivolumab–ipilimumab113. Unlike chemotherapy and targeted agents, irAEs may 
reach any organ at any time, although some preferential sites have been reported. 
Lung, colon, skin, and liver are the most affected organs, yet some more unusual irAEs, 
such as myocarditis or hypopituitarism are also observed. To note, ICI–chemotherapy 
combinations can lead to added toxicity in cancer patients, such as renal failure 
and interstitial nephritis109. Although most ICIs-related toxicities are self-limiting and 
readily manageable, a few may be severe and limit treatment, thus predicting the 
occurrence of ICIs-related toxicities can prevent interruption of continuum of care as 
well potential life-threatening consequences114.

To this regard, studying pharmacokinetics and pharmacodynamics (PK/PD) may shed 
light on the mechanism of action of ICIs, yet researchers are now challenged by an 
increasing complexity of timing and dosing regimen. The first two anti-PD1 agents 
which entered the treatment landscape of solid cancers (NSCLC being one of the first 
indications), namely nivolumab and pembrolizumab, were initially registered with a 
recommended weight-based dosing (mg/kg) regimen. When evaluated in a dose-
escalation study across multiple tumor types with doses ranging between 0.1 and 10 
mg/kg every 2 weeks (Q2W), nivolumab showed similar receptor occupancy across 
all dose levels115. Neither a maximum tolerated dose (MTD) nor a relationship between 
dose and high-grade toxicity was identified, while a dose-response relationship 
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was observed, yet plateauing at levels greater than or equal to 3 mg/kg for NSCLC. 
This dose therefore became the recommended phase 2/3 dose across all tumors. 
Subsequent studies revealed a exposure–response (E-R) and a comparable safety 
profile between 240 mg Q2W to 3 mg/kg Q2W, leading to the approval of the flat-
dosing regimen116. In fact, flat-dosing seems to represent a more suitable option for 
agents with a broad therapeutic index as it offers many practical advantages related 
to reduced risk of error in dose preparation and elimination of drug wastage117.

Similar to nivolumab, no MTD was reached for pembrolizumab in phase I trials 
with adaptive dose escalation, where doses ranged from 0.005 to 10 mg/kg118. A 
quantitative E-R relationship and an association between dose exposure and AE rates 
were also not identified119. These assessments showed that the benefit-risk profile of 
pembrolizumab 200-mg every 6 weeks was comparable to 2 mg/kg every 3 weeks119. 
Most recently, the need of frequent patients accesses to oncology departments led 
to an increasing interest in alternative ICIs administration schedules able to offer 
longer dose intervals. Based on model-based approach and on patient data across 
multiple tumor types, extended-interval dosing (ED) of nivolumab (480 mg Q4W) and 
pembrolizumab (400 mg Q6W) was approved120,121. Nowadays, a wide percentage 
of patients in clinical practice have been shifted to (or treated upfront with) ED ICIs. 
However, incidence, clinical patterns, and survival implications for patients who 
develop irAEs across different dosing regimen need to be further elucidated.

Efficacy data: the evolution of immunotherapy in the clinical treatment of lung 

cancer and mesothelioma

At time of writing, three anti-PD1 monoclonal antibodies (mAbs; pembrolizumab, 
nivolumab, cemiplimab), two anti-PDL1 mAbs (atezolizumab and durvalumab) and 
one anti-CTLA4 mAb (ipilimumab) have been approved for immunotherapy treatment 
of NSCLC. The Renaissance of immunotherapy started from the recurrent metastatic 
setting, with nivolumab, pembrolizumab, and atezolizumab being approved by 
health authorities for second-line treatment based on survival and safety data 
from numerous clinical trials (CheckMate 078, CheckMate 017 and CheckMate 057, 
KEYNOTE 010, OAK)110,111,122–124. The full approval of pembrolizumab in this setting 
(after disease progression on or after platinum-containing chemotherapy or targeted 
therapy against ALK or EGFR) was initially conditioned to PD-L1 expression ≥1%, 
while nivolumab and atezolizumab could be used regardless of PD-L1 expression. 
Subsequentially, ICIs moved to the front-line setting for advanced NSCLC patients 
without druggable genomic alteration. Pembrolizumab in this case was the first-
class agent to show a significant survival benefit over chemotherapy, as reported in 
the KEYNOTE 042125 and in the KEYNOTE 024 trial126. Both studies were conducted 
in biomarker-selected patients and revealed an increased survival benefit in the 
subgroup of patients with high PD-L1 expression (≥50%). Similarly, the Impower 110 
trial127, which compared atezolizumab versus chemotherapy found a survival benefit 
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for patients in the PDL1-high categories according to the SP142 assay (PD-L1 staining 
on tumor cells (TCs) ≥50% or immune cells (Ics) ≥10%). Finally, cemiplimab has been 
recently approved in tumors with PD-L1 expression ≥50% based on data from the 
EMPOWER-lung1128. Altogether, data from these trials established ICIs as appropriate 
strategy for NSCLC with high PD-L1 expression.

For patients with PD-L1 expression ≥1%, an initial cross of the survival curves was 
observed at the beginning of the ICI treatment in these trials, suggesting that a 
relative proportion of them does not derive benefit from ICI monotherapy125. To this 
regard, the combination of nivolumab plus ipilimumab has been compared with 
chemotherapy in the CheckMate 227 trial, showing a survival benefit among patients 
with PD-L1 ≥1%, and leading to FDA approval of this strategy. Of note, the efficacy of 
this combination according to PD-L1 strata was not the primary endpoint of the trial129.

For patients unselected by PD-L1 expression, the combination of first-line 
pembrolizumab plus chemotherapy (carboplatin plus pemetrexed) proved to 
significantly improve survival outcomes compared to chemotherapy alone in non-
squamous NSCLC with no EGFR/ALK genetic alterations in the context of the 
KEYNOTE 189 trial130. The benefit was observed across PD-L1 cutoff points and 
regardless of metastatic sites. The same survival advantage was also observed 
for the squamous histology in the KEYNOTE 407 trial in which pembrolizumab was 
combined with carboplatin and paclitaxel or nab-paclitaxel131. A shorter course of 
platinum doublet chemotherapy was used in the CheckMate 9LA trial, where 2 
cycles of platinum-based chemotherapy combined with nivolumab and ipilimumab 
proved to be superior to chemotherapy alone in recurrent or metastatic NSCLC132. 
The FDA also approved atezolizumab in combination with chemotherapy (with or 
without bevacizumab) based on results from the IMPower 150133 and IMPower 130 
trials134. As recently presented long-term data135,136 continue to support chemo-
immunotherapy as best front-line treatment for metastatic NSCLC, this option should 
be also considered for patients with PD-L1 expression above 50%, yet with high tumor 
disease burden or worrisome symptoms17.

Based on an unprecedented success in metastatic NSCLC, ICIs is currently being 
introduced in the earlier setting, with durvalumab being approved as consolidation 
therapy in unresectable stage III NSCLC following chemoradiation therapy137. Very 
recently, atezolizumab has been approved as adjuvant option after surgery and 
chemotherapy for patients with stage II to IIIA NSCLC whose tumors express PD-L1 on 
≥ 1% of TCs138, while 3 cycles of neoadjuvant nivolumab combined with chemotherapy 
have significantly increased pCR rates compared to chemotherapy alone (24% vs 2.2%) 
leading to its approval prior to definitive surgery in resectable NSCLC20.
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Despite a relatively high TMB and some pathological elements suggesting 
immunogenicity, the addition of ICIs to the treatment of extensive disease (ED) SCLC 
has not retraced the magnitude of benefit observed in advanced NSCLC. Addition 
of atezolizumab139 or durvalumab140 to first-line chemotherapy has proved additional 
benefit in terms of activity and efficacy, without relevant toxicities issues, and has 
become standard of care for patients with ED-SCLC regardless of PD-L1 expression 
in most countries. Of note, median survival values were only moderately higher than 
the ones observed with chemotherapy, yet long-term estimations of these trials 
indicate that ICI benefit may extend over time in a minority of patients19.

After a recent phase III trial had failed to show any survival difference between 
second-line pembrolizumab and chemotherapy141, the combination of nivolumab and 
ipilimumab has recently revealed an overall survival (OS) benefit over chemotherapy 
also in the context of unresectable MPM. Notably, the survival gain shown in the phase 
III Checkmate743 randomized trial differs remarkably among histological subtypes, 
revealing a statistically significant superiority of this ICI combination in non-epithelioid 
MPM only, with an almost twofold increase in median OS142. Nevertheless, results of 
these trials, with 28% of responding patients still showing an ongoing response at a 
3-year update143, clearly demonstrate that combining immunotherapies might be a 
successful strategy to overcome resistance in MPM.

How to improve outcomes and counteract resistance to immunotherapy in lung 

cancer and mesothelioma

Despite the advent of ICIs revamped the enthusiasm over highly treatment-resistant 
diseases such as NSCLC, SCLC, and MPM many issues remain unsolved. Only a 
subset of tumor histologies and a small percentage of the patients in each histology 
are responsive to these inhibitors. In NSCLC, for example, up to 30% still present with 
early progression and/or hyperprogression and less than 20% derive a very long-term 
benefit from ICI immunotherapy18. The percentage of long-term survivors is even 
inferior in SCLC and MPM. The difference in response and the limited durability of 
benefit highlights some crucial needs that need to be met.

Inferring data from real-world analyses
Randomized controlled trials represent the gold standard for evaluating new 
treatment strategies. However, outcomes observed within clinical trials are not 
always replicated in the real-world, mainly because of the more unselected and 
heterogeneous patient cohort usually treated in clinical practice144. Similarly, the 
efficacy of new emerging treatments such as immunotherapy in lung cancer and MPM 
as determined by clinical trials has not always been replicated by its effectiveness 
in the real world.

1
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In a study assessing real world outcome of patients with advanced NSCLC treated 
with first-line pembrolizumab, the efficacy-effectiveness gap was 0.45, indicating 
a steep decrease of 55% in median survival in patients treated in clinical practice 
compared to those enrolled in clinical trials145. Similarly, the overall survival benefit is 
lower in patients with poor performance status (ECOG PS ≥2), as shown by a systematic 
real-world review of 35,103 patients treated with second-line immunotherapy146.

Real-world analyses also enable investigators to deepen the role of immunotherapy 
in special populations. Because of that, ICIs are currently offered to patients initially 
excluded from clinical trials, such as elderly147, those with non–life-threatening and 
quiescent autoimmune diseases148,149, those with controlled viral infection (HBV, HCV, 
or HIV)150,151, and those receiving steroid treatment at baseline152.

Due to multiple comorbidities, cancer patients in the real-life context often receive 
different non-cancer medications at time of starting cancer therapy. Concomitant 
baseline medications such as statins but also systemic antibiotics (ATB) and proton 
pump inhibitors (PPIs)153, have been differently associated with radiological response 
and survival following ICIs. This fact was further supported by pre-clinical models, for 
example supporting a role of statins in strengthening antigen presentation to T cells 
and synergizing with PD-1 inhibitors. However, data on the impact of concomitant 
medications are not consistent across malignancies and have not been confirmed 
in lung cancer and mesothelioma. Moreover, whether this association needs to be 
found in the connection with well-known baseline prognostic factors (such as disease 
burden, performance status, and PD-L1 expression) or in a drug-related immune-
modulatory effect, is still a matter of debate.

Improving biomarkers-based selection: from the tumor to the patient
Due to the onset of primary resistance (defined as no objective tumor radiographic 
response and treatment duration < 6 months) and acquired resistance (an objective 
tumor response or treatment duration ≥ 6 months), identifying determinants of 
response and resistance to immunotherapy in lung cancer and MPM patients is 
needed18. In NSCLC (yet not in SCLC and MPM), PD-L1 expression represents the only 
validated predictive biomarker which is standardized and routinely available for ICI 
treatment19. Across many clinical trials154–156 and retrospective analysis157, its expression 
has been associated with progressively improved outcome, with a maximum benefit 
observed among tumors with PD-L1 expression ≥90%, corroborating its implication 
for treatment selection. However, PD-L1 is not perfect and in most cases, it is not 
sufficiently accurate for an individual prediction test. A subset of patients does not 
respond to ICIs despite having tumors with high PD-L1 expression; on the other 
hand, a few patients with tumors with absent PD-L1 get still benefit from ICI strategy. 
Besides, the heterogeneity of distinct IHC assays used to assess PD-L1 expression 
dampens the reproducibility of this biomarker across different indications19. Other 
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tumor-related factors, such as TMB, TILs infiltration, immune signatures, and specific 
molecular alterations are being investigated in NSCLC yet results have not always 
been replicated in prospective studies158,159. Moreover, some technical limitations 
often emerge in tumor site analyses, especially in patients with thoracic cancers. In 
addition, response and resistance to immunotherapy is related not only to the genetic 
and functional profile of tumor cells (intrinsic mechanisms) but also to the factors 
other than the tumor itself (extrinsic mechanisms)68.

Recently, a more holistic approach has been adopted and different studies have 
suggested a potential impact of host-factors such as smoking history, gender, 
BMI, and microbiome diversity on the efficacy of ICI monotherapy160–164. Blood-
derived parameters such as circulating tumor DNA165, immune cell subsets166, and 
inflammation markers167 may represent a useful and easy-to-access predictor 
of immunotherapy response. Depicting the circulating immune profile is also an 
attractive strategy to infer immune-modulating off-target effects of chemotherapy. 
Finally, components of lipid profile have been assessed as determinants of several 
alterations occurring in tumor and immune cells168–170.

In the era of high-throughput technologies, new computational tools and data 
sharing agreements will be needed to refine and integrate the plethora of available 
biomarkers and obtain an appropriate identification of patients who may derive 
benefit from immunotherapy.

Exploring new frontiers of cancer immunotherapy
Beside optimizing patient stratification through a more rational biomarker 
implementation, a further development of immunotherapy strategies is awaited to 
overcome resistance mechanisms. This new era of cancer immunotherapy involves 
different strategies18,171 (Figure 2).

First strategy involves modulating co-stimulatory and/or co-inhibitory signaling 
pathways besides PD-1/PD-L1 axis to target the antitumor ability of effector T cells. 
Several novel ICIs targeting TIGIT, LAG-3, TIM-3 and VISTA are currently investigated 
in clinical trials to evaluate their efficacy in lung cancer and MPM172–175. Second 
strategy involves enhancing tumor antigenicity by using optimal agents to trigger 
immunogenic cell death and improve synergy with ICIs176. Third strategy also implies 
turning a cold tumor hot and enhancing the immune response directed towards 
tumor-associated antigens by using passive and active immunization approaches 
such as (DC-)vaccination177, TCR-engineered or chimeric antigen receptor (CAR) 
T-cell therapy178. Fourth strategy involves integrating immunotherapy in the earlier 
setting as most of these agents demonstrated a better outcome when injected 
earlier in tumor development99,100. Fifth strategy involves targeting other actors in 
the context of the TME using targeted therapies but also exploiting off-target effects 
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of chemotherapy. As previously highlighted, TAMs, neutrophils, MDSCs and Tregs can 
exert an immunosuppressive activity in both lung cancer and MPM, thus strategies 
aimed at skewing or depleting these immune populations can help removing 
obstacles to the generation of an effective anti-tumor immunity179. Sixth strategy 
involves modulating the immune metabolism(s) both at the TME and systemically 
aiming to modulate different compounds (lipids, tryptophan, adenosine) which 
may limit antigen presentation and T-cell activity180,181. Seventh strategy involves 
overcoming the so-called host “immune breaking” factors. As tumors and immune 
system manipulate each other not only locally but also systemically, a multi-organ 
modulation which takes into account concomitant medications (statins, steroids, 
antibiotics) and microbiota composition before or during immunotherapy may unleash 
anti-tumor immune activity164.

In conclusion, implementing one or more of these non-redundant strategies on a 
per patient basis will most probably alleviate both primary and secondary forms of 
immune resistance.
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Figure 2. New frontiers of cancer immunotherapy for lung cancer and mesothelioma. In the 
context of lung cancer and mesothelioma, multiple strategies are investigated to overcome 
primary and acquired resistance to immune checkpoint inhibitor (ICI) monotherapy. Combina-
tions of anti-PD1/PDL1 agents with other antibodies targeting co-inhibitory or co-stimulatory 
receptors (TIGIT, LAG-3, TIM-3 and VISTA) unleash the antitumor ability of effector T cells. Che-
motherapy addition results in a synergistic effect by favoring an immunogenic type of cancer 
cell death and, similarly to some types of target therapy, is able alleviate immunosuppression 
thereby reshaping the tumor microenvironment (TME). Passive and active immunization ap-
proaches such as and chimeric antigen receptor (CAR) T-cell therapy DC therapy help turning 
a cold tumor hot thus making ICIs more active. Once T cells are primed by DC therapy and 
infiltrate the TME, usage of ICIs may prevent the onset of early exhaustion mechanisms. Mod-
ulating the immune metabolism(s) both at the TME and systemically as well as targeting host 
“immune breaking” factors also represent appealing strategies to obtain a more widespread 
reinvigoration of the anti-tumor immune response. Finally, translating immunotherapy to an 
earlier disease setting, when redundant pathways of immune escape are not activated yet, or 
simultaneously reducing tumor load to alleviate immunosuppression, would probably increase 
response rate to immunotherapy. Created with https://biorender.com/
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Aims and outline of this thesis

Similar to Renaissance, which is a period that marked the transition from the Middle 
Ages to modernity, immunotherapy symbolized a paradigm shift for lung cancer 
and MPM. After an initial skepticism due to its lack of efficacy, inconsistency, and 
significant toxicity, immunotherapy (in the form of ICIs) nowadays represents the 
backbone upon other treatment are developed.

In MPM, despite a deeper appreciation of the pathobiology of this orphan disease, 
ICI monotherapy has not always retraced the magnitude of benefit observed in other 
cancers, with results of phase II studies not being replicated in larger, randomized, 
phase III trials. In Chapter 2, the most promising emerging therapies for the treatment 
of MPM are revised, discussing the biological rationale underlying their development 
as well as the issues surrounding clinical trial design and proper selection of patients 
for every treatment. In Chapter 3, we highlighted the potential of combining ICIs with 
other immunotherapies, as well as targeted agents and old-school chemotherapy 
to improve prognosis in MPM. Since the “one size fits all” approach is unlikely to 
adapt to MPM, focus should lie on the heterogeneity of the genetic and epigenetic 
landscape and of the composition of TME to take a step further single immune check 
point inhibition and increase the population of MPM patients who may derive clinical 
benefit from these approaches.

Due to the widespread use of ICIs, irAEs are now a cause for increasing concern 
regarding the comparative safety of these drugs in the treatment of cancer patients. 
Different ICI drugs and doses can lead to different toxicity features. As COVID-19 
pandemic hit, physicians started feeling the need of modulating patients’ access 
to oncology departments. This led to an increasing interest in alternative ICIs 
administration schedules able to offer longer dose intervals. In Chapter 4, we 
investigated the safety of switching ICI monotherapy from canonical interval dosing 
(CD) to ED to assess whether this regimen could represent a safe and feasible option 
also in solid cancer patients outside of clinical trials.

While randomized controlled trials remain the gold standard for evaluating the 
integration of immunotherapy in the clinical arena, their reported outcomes are 
not always replicated in everyday practice. Real-world analysis can therefore offer 
valuable insights into treatment practices by investigating understudied population or 
helping biomarker identification. In Chapter 5, we evaluated the outcome of nivolumab 
in a population of MPM patients pre-treated with chemotherapy. Furthermore, we 
analyzed the correlation between clinically important factors, baseline peripheral 
blood parameters and clinical outcomes. The impact of radiological response on 
outcome was also investigated.
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In lung cancer and to a greater extent in MPM, responses to ICI monotherapy remain 
highly variable, with some patients experiencing durable partial or even complete 
tumor responses yet others responding temporarily or not at all. Combinations 
with other drugs are then needed to improve response. Since pre-clinical studies 
suggested a potential synergy between statins and PD-1 inhibitors, in Chapter 6 we 
performed a multicenter study to assess the impact of baseline statin use on the 
clinical outcome of MPM and advanced NSCLC patients treated with PD-1 inhibitors. 
In Chapter 7, by looking at a real-world dataset SCLC and MPM patients treated with 
lurbinectedin chemotherapy, we explored the immune-modulating effect of this drug 
to provide novel insights into its mechanism of action and implement new data for a 
potential immunotherapy combination.

MPM is characterized by an anergic TME, in which both the effector arm (cytotoxic 
T cell response inside the tumor) and the inductive arm of the antitumoral immune 
response (antigen-presenting cells) are suppressed. Cancer vaccines, especially 
when used earlier in tumor development, might represent a valid immunotherapy 
strategy as they proved able to induce tumor-specific response without off-target 
toxicity. In Chapter 8, we presented the trial protocol of a phase I study with DC therapy 
(Mesopher) as (neo)adjuvant approach combined with extended pleurectomy/
decortication (eP/D) surgery in patients with resectable epithelioid MPM. Such a 
study, with the availability of tumor tissue before and after DC therapy, may provide 
a platform to evaluate whether Mesopher is capable to establish and/or maintain a 
tumor-specific T cell response.

Finally, Chapter 9 recapitulate the collected evidence and discuss it into the context 
of current literature to provide future directions in this new era of treatment for lung 
cancer and MPM.

1
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Abstract

Malignant pleural mesothelioma (MPM) is an uncommon but aggressive and 
treatment resistant neoplasm with low survival rates. In the last years we assisted to 
an exponential growth in the appreciation of mesothelioma pathobiology, leading 
several new treatments to be investigated both in the early stage of the disease and 
in the advanced setting. In particular, expectations are now high that immunotherapy 
will have a leading role in the next years. However, caution is required as results 
from phase II studies in MPM were often not replicated in larger, randomized, phase 
III trials. In this review, we describe the most promising emerging therapies for the 
treatment of MPM, discussing the biological rationale underlying their development 
as well as the issues surrounding clinical trial design and proper selection of patients 
for every treatment.
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Introduction

Malignant pleural mesothelioma (MPM) is an uncommon and highly lethal cancer. 
The annual incidence of MPM ranges between 10 cases per million to 29 cases per 
million depending on the country and, because of the long latency period, the peak 
is expected in the 2020s (1) in high-income countries. In addition, according to WHO 
prediction (2), developing countries where asbestos is still used, are likely to face a 
new epidemic of asbestos-related diseases, including MPM.

MPM pathogenesis is peculiar, as the direct causal relationship between exposure 
to airborne asbestos particles and the development of MPM is well established (3). 
The chronic exposure to asbestos fibers, which may enter the lung periphery and 
the pleura, leads to chronic inflammation of the mesothelium which sustains the 
carcinogenic processes (4). Individuals with germline BRCA1 associated protein-1 
(BAP1) mutations may be predisposed to MPM, since they may develop it without 
any apparent asbestos exposure (5). Recent biological and preclinical studies 
provided further insights into MPM carcinogenesis, revealing the importance of tumor 
suppressor gene inactivation, through several mechanisms (single nucleotide variants 
(SNVs), copy number losses, gene fusions and splicing alterations). Tumor suppressor 
genes highly altered are cyclin-dependent kinase inhibitor 2A (CDKN2A, 60% of the 
cases), BAP1 (60% of the cases also in sporadic MPM) and neurofibromin 2 (NF2, 75% 
of the cases) (6–9).

The chronic inflammatory response to asbestos involved in the pathogenesis of MPM 
also causes a unique tumor environment. This microenvironment is mainly composed 
of immunosuppressive cells (regulatory T cells, macrophages and myeloid-
derived suppressor cells (MDSCs)) and the number of these cells as determined by 
immunohistochemistry (IHC) represents a negative prognostic factor (10,11). On the 
other hand, immune-activating responses, such as the presence of CD8+ T cells, are 
correlated with better outcome, although such links with prognosis are less important 
when compared with other cancer entities which are more immunogenic than MPM 
(12).

The management of MPM is complex and outcomes remain poor. For patients with 
early stage MPM the role of radical surgery is still a matter of debate and it should 
be considered only as part of a multimodal treatment (i.e., surgery combined with 
chemotherapy, radiotherapy, or both). Looking at unresectable MPM, no major 
breakthroughs have been made since the approval of antifolate and platinum 
combination chemotherapy (13,14). Median overall survival (OS) time with standard 
first-line options is about 13 months, with the best outcome for the epithelioid MPM 
subtype (14). Second-line treatment scenario is even more disappointing. With 
the only exception of a repeated course of pemetrexed-based chemotherapy for 

2
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previously responsive patients (15), limited options are available for relapsed MPM 
and new treatments are urgently needed.

Steps have been made towards a best appreciation of mesothelioma biology and 
have been essential to identify novel molecular therapeutic targets, representing the 
rationale for testing multiple targeted therapies in MPM (Table 1). Nevertheless, the 
potential to improve the potency and the specificity of the immune system, along with 
recent successes in other thoracic tumors, have attracted a growing interest in cancer 
immunotherapy. Continue efforts are necessary to further deepen our understanding 
of mesothelioma, taking into account biological and temporal heterogeneity of the 
disease in order to finally optimize the development of new treatment options in the 
context of well-designed clinical trials (Figure 1).

In this review, we describe last emerging therapies for mesothelioma, discussing 
the current status of knowledge in mesothelioma genetics and immune-biology, as 
well as the issues surrounding the conduction of high-quality trials in MPM and the 
selection of best patients for different treatments.
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Figure 1. Potential targets of emerging therapies for malignant pleural mesothelioma. AS-
SI=argininosuccinate synthase I. CAR=chimeric antigen receptor. CD80=cluster of differentiation 
80. CD86=cluster of differentiation 86. CDK4/6=cyclin-dependent kinase 4/6. CTLA-4=cytotoxic 
T lymphocyte associated protein-4. EZH2=enhancer of zeste homolog 2. PARP=poly ADP ribose 
polymerase. PD-1=programmed cell death-1. PD-L1=programmed death ligand-1. TAAs=tu-
mor-associated antigens. TKI=tyrosine kinase inhibitor. TTF= tumor-treating fields. VEGFR=vas-
cular endothelial growth factor receptor.

Neoadjuvant/adjuvant setting

Due to the anatomy, microscopically radical (R0) resection is not achievable in 
mesothelioma surgery and the goal of mesothelioma surgery is macroscopic 
complete resection (R1). Surgery alone is not curative; it is usually performed with 
chemotherapy and/or radiation therapy and reserved to a subset of patients with 
early tumor stage, epithelioid histology and good performance status.

Therapeutic surgery in mesothelioma has historically involved either an extended 
pleurectomy-decortication (eP/D) or an extrapleural pneumonectomy (EPP) (16,17). 
eP/D has been proven to offer better results in the context of multimodality treatment 
(18,19), and although the benefit of systemic therapy has been shown only in the 
advanced/unresectable disease, it is common practice to give four cycles of cisplatin 
or carboplatin with pemetrexed as adjuvant or neoadjuvant therapy. Two on-going 
trials, MARS 2 (NCT02040272) and EORTC1205-LCG (NCT02436733), are currently 
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evaluating the usefulness, the feasibility and the best timing for the combined 
approach of surgery and chemotherapy.

In order to improve local control and ideally survival, radiotherapy can be given. New 
approaches of radical hemithoracic radiation using intensity-modulated techniques 
are being tested. Rimner et al. showed that hemithoracic intensity-modulated pleural 
radiation therapy (IMPRINT) after chemotherapy and P/D was safe in 27 MPM patients 
as part of a multimodality lung-sparing treatment, with an acceptable rate of radiation 
pneumonitis (20). Larger clinical trials are awaited to confirm the effectiveness of this 
approach.

Recently, intrapleural therapies have been reported with the aim of improving loco-
regional control of the disease by spreading drugs directly on the tumor surface. 
Several techniques with different rationale have been used with promising results: 
hypertermic intrapleural chemotherapy, photodynamic therapy (PDT), intrapleural 
immunotherapies (interferons (IFNs) and interleukin-2 (IL-2)) and gene therapy (21). 
However, available evidences are mainly based on retrospective, small and single-
institution studies and controlled randomized trials are required.

If given as neoadjuvant therapy, novel agents should have the ability to induce 
tumor shrinkage, increasing the possibility of a complete microscopic resection 
and ultimately prolonging overall survival while maintaining a good safety 
profile. Designing studies in this setting remains a challenging effort that requires 
multidisciplinary involvement (22). Nevertheless, the neoadjuvant setting provides 
the unique possibility to conduct translational research in the context of window-
of-opportunity trials, acquiring valuable information from blood and tissue 
collection. For example, the focal adhesion kinase (FAK)-inhibitor defactinib showed 
immunomodulatory effects when administered pre-operatively in a phase II window 
of opportunity trial (23) with a good tolerability profile, an objective response rate of 
13% and 67% of stable disease, thus not altering resectability or mortality compared 
to historical controls. Final trial data are expected for 2020.

This approach has also paved the way for testing the properties of immune check-
point inhibitors (CIs). There are several ongoing neoadjuvant trials which aim to assess 
the immunomodulatory and pharmacodynamics effect of CIs, as monotherapy 
(NCT02707666), as combination of anti-cytotoxic T-lymphocyte-associated protein 
4 (CTLA4) and anti-programmed cell death protein (PD-1) agents (NCT02592551, 
NCT03918252) and as combination of anti-programmed death-ligand 1 (PDL1) with 
standard chemotherapy (NCT03228537).

2
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By assessing translational surrogates of response, these trials may represent an 
opportunity to look into predictive biomarkers, improving selection of candidates 
to CIs-treatment.

CIs are also tested in the adjuvant setting (NCT02707666). From an immunological 
perspective, the main goal of combining surgery with adjuvant CIs is to reduce tumor 
induced immunosuppression (24). Increased tumor size correlates with major immune 
suppression and surgically shrinking tumor size may potentially reduce immune 
inhibition and T-cell exhaustion (25).

Another approach to increase immune activation in the adjuvant setting is 
represented by vaccines, either protein, bacteria or cell-based. An adjuvant Wilms 
tumor 1 (WT1) vaccine (galinpepimut-S), given with granulocyte-macrophage colony-
stimulating factor (GM-CSF) and an immunologic adjuvant called montanide ISA 
51 UFCH in MPM patients whose tumors expressed WT1 at IHC, had completed 
combined multimodality therapy and had no evidence of disease, showed a median 
progression-free survival (PFS) of 10.1 months (95% CI 5.5—20.8 months) and a 
median OS of 22.8 months (95% CI 9.1-37.6 months) with a favorable safety profile 
(26). Galinpepimut-S is currently being tested in the advanced setting combined with 
CI-treatment (NCT04040231).

In peritoneal mesothelioma, the feasibility of administering dendritic cells pulsed 
with an allogenic tumor cell lysate after cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy (HIPEC) is being assessed in the ongoing MESOPEC 
trial (NTR7060) (27). Secondary objectives of the study are to assess the safety of 
dendritic cells and determine whether this adjuvant treatment may induce a specific 
immunological response against the tumor (27). Pre-clinical evidences showed that 
dendritic cell therapy leads to better outcome when dendritic cells are injected 
in murine models with lower tumor volume (28,29). An efficient immune response 
is hampered by cytokines and regulatory T-cells induced by mesothelioma cells, 
showing that a low tumor load correlates with a better functioning immune system 
and higher anti-tumor responses. Giving dendritic cell therapy after surgically 
reducing tumor load might therefore improve response to therapy and clinical 
outcome.

To date, despite the neoadjuvant/adjuvant treatment represents a promising 
setting to test new therapeutic strategies, the global level of evidence is quite low 
and international guidelines (30) do not recommend either neoadjuvant or adjuvant 
radiotherapy/chemotherapy as standard options for resectable MPM.
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Unresectable mesothelioma

Tumor treating fields

Based on the results of the prospective, single-arm, phase II STELLAR trial, the 
NovoTTF-100L System was approved by U.S. FDA in combination with pemetrexed 
plus platinum-based chemotherapy for the first-line treatment of unresectable locally 
advanced or metastatic MPM. NovoTTF-100L was approved under Humanitarian 
Device Exemption, an approval process guaranteed by the U.S. FDA which, taking into 
consideration the urgent need to identify more effective treatments for rare disease 
(such as MPM), allows medical devices to be marketed without requiring evidence 
of effectiveness.

NovoTTF-100L is a portable Tumor Treating Fields (TTFields) delivery system. 
TTFields represent a non-invasive, regional treatment modality by which alternating 
electric fields (at a frequency of 150 kHz) are continuously administer to the local site 
to arrest tumor cancer cell division. In human mesothelioma cell cultures, combining 
TTFields with cisplatin or pemetrexed led to reduction in cell count, induction of 
apoptosis and reduced clonogenic potential (31). These alternating electric fields act 
by disrupting spindle formation during metaphase and blocking the localization of 
intracellular organelles during telophase.

The 80 patients enrolled in the STELLAR trial (32) had a median OS of 18.2 months 
(95% CI 12.1-25.8), with 40.3% of partial responses and 97.2% of them obtaining a clinical 
benefit. Response rates were similar to the ones with standard chemotherapy but 
lasted longer by adding TTFields (median response duration was 5.7 months, ranging 
from 1.4 to 13 months). The rate of serious systemic adverse events remained the 
same when NovoTTF-100L was added to chemotherapy (either pemetrexed plus 
cisplatin or pemetrexed plus carboplatin, according to investigator choice). Expected 
TTFields-related skin toxicity was reported in 66% (53 patients) with only 5% of grade 
3 skin toxicity. The planned duration was at least 18 hours/day along with up to 6 
courses of chemotherapy and patients’ compliance was 68% (16.3 hours/day).

To note, these results, although promising, should be considered in context of the 
randomized phase III MAPS trial (33), in which bevacizumab added to pemetrexed 
and cisplatin significantly improved median OS compared to pemetrexed plus 
cisplatin alone (median OS 18.8 versus 16.1 months, hazard ratio (HR) 0.77, p = 0.0167). 
The control arm of this trial performed 4 months better than the historical cohort 
analyzed by Ceresoli - the landmark study by Vogelzang et al. - (14) and should be 
considered while discussing STELLAR data. Also PFS (7.6 months) and response 
(40%) were similar when compared to control groups in the MAPS and the recent 
LUME-meso trials (34). Authors attributed the fact that the median OS in the STELLAR 
study was comparable to the control groups of the MAPS and the LUME-meso trials 

2
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to differences in prognostic factors (such as pathological subtypes). However, this 
fact, together with the potential sampling bias in single-arm studies and the effect of 
subsequent therapy, limits the interpretation of STELLAR data. Further investigation 
of TTFields in randomized trials is strongly encouraged.

Chemotherapy
There is no approved maintenance treatment for MPM patients who did not progress 
after first-line chemotherapy. NVALT19 was an open label, multicentric, randomized 
phase II trial, in which patients were assigned 1:1 to gemcitabine (1250 mg/m2 day 1 
and 8 of 3 weekly schedule) or best supportive care (BSC) after 4-6 cycles of first-
line platinum-pemetrexed without progression. Data presented at the last ESMO 
conference showed an improvement in PFS (median 6.2 months versus 3.2 months 
in the BSC arm (HR 0.42 (95% CI 0.28-0.63), p < 0.0001)), at the cost of an increased 
yet manageable toxicity (57% of patients experienced grade 3-4 adverse events 
versus 13% in the BSC-arm, with neutropenia, nausea and lung infection being the 
most frequent) (35). Since post-study treatments and OS data were not reported, the 
reported improvement in PFS could be simply due to an anticipation of second-line 
therapy.

Lurbinectedin is a new molecule that binds to the DNA minor groove in regulatory 
regions, inhibiting the function of oncogenic transcription factors. It also modulates 
the transcriptional program of monocytes and TAMs, hampering cytokine production 
(36). Investigator tested the role of lurbinectedin in the context of relapsed MPM, 
where no approved therapy exists. Recent data from the SAKK 17/16 multi-center, 
single-arm phase II trial, showed activity of lurbinectedin. Median PFS and median 
OS were 4.1 months (95% CI 2.6-5.5) and 11.9 months (95% CI 9.2-14.7), respectively. 
Lurbinectedin also worked independently of histology or prior immunotherapy (36).

These data support evaluation of the both gemcitabine as switch maintenance and 
lurbinectedin as second-line strategy in larger, randomized, phase III trials.

Anti-angiogenic agents

Activation of the vascular endothelial growth factor (VEGF) pathway, via its tyrosine 
kinase receptors, is crucial for mesothelioma cells growth (37), thus representing a 
rationale for antiangiogenic treatments in this neoplasm.

The addition of bevacizumab to pemetrexed and cisplatin chemotherapy as first-
line treatment with bevacizumab maintenance therapy in patients who did not 
progress showed improved overall survival. However, bevacizumab remains 
currently unlicensed in this setting since the MAPS trial was not a registration trial 
(33). Moreover, results of Bevacizumab (an anti-VEGF monoclonal antibody (mAb)) as 
first-line option in combination with chemotherapy were not confirmed by other anti-
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angiogenic agents, such as the tyrosine-kinase inhibitors (TKIs) axitinib (an anti-VEGFR 
TKI), sorafenib (anti-VEGFR2/3, platelet-derived growth factor receptor (PDGFR) and 
rapidly accelerated fibrosarcoma (RAF)/c-KIT), or imatinib mesylate (targeting BCR-
ABL, c-KIT, and PDGFR) (38–41).

Since the benefit in the phase 2 trial (n=87 patients) (42) was higher in epithelioid MPM 
than in non-epithelioid subtypes, the multi-targeted anti-angiogenic kinase inhibitor, 
nintedanib (targeting VEGFR 1–3, PDGFR α or β, fibroblast growth factor receptor 
(FGFR) 1–3, SRC and ABL kinases pathways) was tested in conjunction with first-
line cisplatin plus pemetrexed in a randomized phase III trial versus placebo only in 
patients with epithelioid histology. However, among the 458 randomized patients, the 
previous phase II efficacy findings were not confirmed and PFS did not differ between 
the nintedanib group (median 6.8 months (95% CI 6.1–7.0)) and the placebo group (7.0 
months (95% CI 6.7–7.2); HR 1.01 (95% CI 0.79–1.30), p = 0.91). The interim analysis of OS 
also showed no difference between groups (34).

Nintedanib is also being currently investigated as only maintenance treatment for 
patients non-progressive after first line chemotherapy (NCT02863055).

Cediranib, a VEGFR and PDGFR inhibitor, added to first-line platinum-based 
chemotherapy, improved PFS in a randomized phase II trial (43). Primary end-point of 
the trial was to detect a PFS difference (by RECIST version 1.1) at the 1-sided 0.10 level 
and it was met. PFS was significantly higher in MPM patients who received cisplatin-
pemetrexed chemotherapy with cediranib followed by maintenance cediranib, 
compared to the ones receiving cisplatin-pemetrexed with placebo. HR was 0.69 
(median PFS 7.2 vs 5.6 months, p = 0.096). However, PFS was not different by modified 
RECIST and no significant difference in OS was reported. As with bevacizumab, 
cediranib is not approved as first-line treatment combined with chemotherapy.

Ramucirumab is a monoclonal antibody that binds the extracellular domain of human 
VEGFR-2. Due to VEGF-R2 expression on macrophages, ramucirumab also inhibits 
macrophages and their infiltration into mesothelioma microenvironment, thereby 
decreasing tumor growth and proliferation (44). One-hundred sixty-four patients are 
planned to be randomized in a multicenter, double-blind, placebo-controlled phase 
II trial comparing gemcitabine with or without ramucirumab in the second-line setting 
(NCT03560973 (RAMES)), whose completion is expected for 2020.

Targeted therapies

New studies have recently provided a comprehensive genomic profiling of 
mesothelioma. Genomic analysis may help in detecting actionable alterations 
and developing more tailored and effective therapies for MPM patients (6). Tumor 
suppressor inactivation (loss-of-function) represents one of the most frequent 

2
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mutational events in this tumor. In addition, multiple studies have pointed out frequent 
copy gains and copy losses involving different portions of the genome (6,7,45–48).

Carriers of inherited loss-of-function mutations in BAP1 are predisposed to 
mesothelioma (5,45,49,50). BAP1 encodes a deubiquitinase enzyme, a member of 
the ubiquitin carboxy (C)-terminal hydrolase (UCH) family, involved in different cellular 
pathways among which the cell cycle, cellular differentiation, cell death, metabolism, 
and the DNA damage response (51). In particular, BAP1 is thought to bind to the breast 
cancer type 1 susceptibility protein (BRCA1) and the BRCA1-associated RING domain 
protein 1 (BARD1) and enhance their tumor suppressor function (52). Besides germline 
mutations, recent analysis of the BAP1 locus by targeted next-generation sequencing 
identified homozygous inactivating mutations in approximately 60% of patients 
(53). This implies that the role of BAP1 in defective DNA repair and homologous 
recombination might be therapeutically exploited in a large number of MPM.

In a recent paper, among 385 patients treated with platinum chemotherapy, median 
OS was increased for MPM patients who had inherited mutations in DNA repair and/
or other tumor suppressor genes (54). This is consistent with what already observed 
in ovarian and breast cancer patients with inherited mutations in BRCA1 and BRCA2 
(55–58). Conversely, BAP1 mutant mesothelioma cell lines resulted significantly less 
sensitive than BAP1 wild type cells to gemcitabine (59). In addition, the role of somatic 
BAP1 expression in MPM patients receiving chemotherapy still represents a matter of 
debate, with retrospective studies showing contradictory evidences (60,61).

By inducing synthetic lethality of alternate DNA repair pathways, poly-ADP ribose 
polymerase (PARP) inhibitors have proved to be able to cause cell death in cell lines 
with loss of function of BAP1. This observation suggests that patients with mutations in 
BAP1 and in DNA repair genes might also benefit from treatment with PARP inhibitors 
(62). An enrolling clinical trial in MPM patients is examining the relationship between 
patient genotype and response to the PARP inhibitor olaparib (NCT03531840). Another 
PARP inhibitor, niraparib, is being tested in patients with BAP1 and other DNA damage 
response (DDR) pathway deficient neoplasms including mesothelioma (NCT03207347).

BAP1 inactivation also works as a putative epigenetic regulator involved in the 
polycomb repressive complex 2 (PRC2) and enhancer of zeste-homolog 2 (EZH2) 
pathway. Mesotheliomas with BAP1 loss proved to be responsive to EZH2 inhibition 
in vitro and in vivo (63). EZH inhibition may then represent a promising strategy, 
with tazemetostat showing a promising disease control rate of 51% at 12 weeks in a 
multicenter phase 2 trial (64).

CDKN2A is a tumour suppressor gene frequently inactivated in mesothelioma. 
CDKN2A encodes the ADP-ribosylation factor (ARF, also known as p14) and INK4A 
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(also known as p16) via alternative reading frames (65). By inhibiting cyclin-dependent 
kinase 4 (CDK4) and CDK6, INK4A decelerates the G1–S cell cycle transition. Small 
molecules CDK4 and CDK6 inhibitors induce apoptosis in CDKN2A-mutated tumors 
(66–69) and MPM cell lines viability was inhibited in a dose-dependent manner by 
the CDK4/CDK6 inhibitor abemaciclib (70). Combined with radiotherapy, this agent 
also completely suppressed tumor growth in a mouse model of MPM (70). These 
finding led to the investigation of abemaciclib in p16INK4A negative MPM patients 
(NCT03654833 (MiST)).

The hepatocyte growth factor (HGF), by binding to the MET receptor and activating its 
downstream target PI3K has been shown to enhance MPM cell proliferation, migration 
and invasiveness. Therefore, this pathway represents a compelling therapeutic 
target in this disease (71). However, the modest response rate observed in the early 
phase trials assessing agents targeting this pathway (72), indicates that combination 
regimens with other classes of antitumor agents with a sufficiently wide therapeutic 
window, will be necessary.

The enzyme argininosuccinate synthetase 1 (ASS1) leads to arginine biosynthesis 
from citrulline and is epigenetically suppressed in a high proportion of mesothelioma 
cell lines (73). Loss of ASS1 renders mesothelioma cells addicted to exogenous 
arginine (74), and this defect may be therapeutically exploited by pegylated arginine 
deiminase (ADI-PEG20), which works by clearing circulating arginine (73). Non-
epithelioid (biphasic and sarcomatoid) MPM subtypes are characterized by a 75% 
rate of ASS1 loss and disease control rate (DCR) of this subgroup resulted 94% in 
the TRAP Phase I trial (75) of ADI-PEG 20 combined with 1st-line pemetrexed and 
cisplatin chemotherapy. Results from the randomized, placebo-controlled, double-
blind phase 2/3 global ATOMIC-meso trial (NCT02709512) in non-epithelioid MPM 
are awaited.

In conclusion, despite our improved understanding of the biology of MPM, 
response to targeted therapies is hampered by intra-tumor heterogeneity and it 
is still unclear whether most of the actionable mutations constitute clonal or sub-
clonal driver events. Longitudinal prospective studies, such as the TRACERx study 
in lung cancer (76), aiming at elucidating mechanism of resistance to treatment, 
are still missing in MPM. Properly designed clinical trials, which stratify patients for 
predictive biomarkers, are warranted. To this regard, patients enrolled in the MiST 
trial (NCT03654833) are currently offered a specific study treatment (either the parp-
inhibitor rucaparib, the CDK4/6 inhibitor abemaciclib, the combination of the PD-1 
inhibitor pembrolizumab and the AXL inhibitor bemcentinib or the combination of the 
PD-L1 inhibitor atezolizumab and the anti-angiogenic agent bevacizumab) determined 
by the results of the molecular panel testing of their diagnostic tumor block. The ones 
who exhibit positive testing in more than one biomarker, will potentially be eligible 
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for a subsequent protocol upon disease progression. This trial design is aimed at 
providing a more tailored approach for MPM patients.

Mesothelin targeted therapies

Mesothelin (MSLN) is a glycoprotein with high expression in epithelioid mesothelioma 
and low expression in normal tissues, thereby it represents an attractive target for 
several therapies. A phase II trial comparing amatuximab (an anti-MSLN chimeric 
monoclonal antibody) plus first-line chemotherapy versus chemotherapy alone 
was prematurely stopped in January 2017, not because of unacceptable toxicity but 
because of business reasons (NCT02357147).

According to a public announcement, anetumab ravtansine (an antibody-drug 
conjugate made by combining a human anti-MSLN antibody and the maytansinoid 
tubulin inhibitor DM4) also failed to improve PFS compared to vinorelbine in a 
randomized phase II trial for patients progressing after first-line (NCT02610140) (77).

CRS-207 is a live, attenuated, non-virulent, Listeria monocytogenes (LADD) encoding 
human MSLN. After receiving two priming infusions of CRS-207, followed by 
pemetrexed/cisplatin chemotherapy, and CRS-207 booster infusions in a phase Ib 
trial, 89% (31/35) of patients had disease control; one complete response (3%) and 19 
partial responses (54%) were reported. Reduction of tumor size was also observed 
post-CRS-207 infusion prior to chemotherapy in 11 patients and no treatment-
related serious adverse events or deaths were observed. These results suggested 
that combining CRS-207 with traditional chemotherapy might potentially result in 
increased anti-tumor activity (78). However, after a phase II trial had showed no clinical 
activity of the combination of CRS-207 with PD-1 inhibition (NCT03175172), clinical 
development of this therapy was discontinued.

LMB-100 is a next generation immunotoxin against MSLN that consists of a humanized 
fragment of the anti-MSLN Fab bound to a de-immunized Pseudomonas exotoxin 
(PE). This PE-fusion protein has been engineered to decrease its immunogenicity. A 
Phase I, open-label study to investigate the safety, pharmacokinetics, and activity 
of LMB-100 in relapsed MPM patients is planned to complete accrual this year 
(NCT02798536).

Evaluating new combinations of MSLN directed therapies with checkpoint inhibitors 
and integrating MSLN targeting into new approaches such as adoptive T cell transfer 
might constitute the next step in the field, as first results have been promising (79).

Immunotherapy

Immune checkpoint inhibitors. The immune system is known to play a key role 
in MPM. Immune suppression locally induced by the tumor is high (80). Survival of 
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patients with MPM is longer when tumors are highly infiltrated by cytotoxic CD8+ T 
cells (tumor-infiltrating lymphocytes), whereas PD-L1 expression is associated with 
shorter survival (median OS 5.0 in patients who are PDL1-positive vs 14·5 months 
PDL1-negative patients; p < 0·0001) (81,82). Due to their ability to restore the capacity 
of immune system to counterattack tumor growth, CIs (directed towards CTLA4, 
PD1, PDL1 or their combinations) started to be investigated in MPM patients. A 
large randomized phase IIb trial, assessing tremelimumab, an anti-CTLA4 mAb, 
versus placebo in a second or third-line setting did not show superiority of the 
immunotherapy in terms of OS (83). Looking at agents targeting the PD-1/PD-L1 
pathway, interesting results were reported in the first early phase trials with overall 
response rates (ORR) ranging from 9 to 29% in patients previously treated with 
chemotherapy (84).

As shown in other types of cancer (85), combining CTLA-4 and PD-(L)1 mAb might 
further improve outcomes. In a single-center, single-arm, phase II trial (INITIATE) (86), 
the combination of ipilimumab and nivolumab for the treatment of recurrent MPM 
was assessed. Of the 34 patients evaluated for radiological response at 12 weeks, ten 
(29%) patients were partial responder and 13 (38%) had stable disease; adverse events 
were quite frequent (94% of patients) with 12 (34%) patients reporting grade 3 toxicity. 
Another randomized, non-comparative, open-label, phase 2 trial (MAPS2), conducted 
in 21 hospitals in France (87), met its primary endpoint of DCR after randomization in 
the first 108 patients. This trial aimed to assess the anti-PD1 mAb alone (nivolumab) or 
in combination with anti-CTLA4 (ipilimumab) mAb in MPM patients who progressed to 
first-line chemotherapy. Twenty-four (DCR 44%) of 54 patients treated with nivolumab 
and 27 (DCR 50%) of 54 patients treated with nivolumab plus ipilimumab achieved 
disease control at 12 weeks. Objective responses were ten (19%) with nivolumab and 
15 (28%) with nivolumab plus ipilimumab. Again, the safety profile was consistent 
with previous data on the combination. To note, three (5%) treatment-related death 
were reported with the combination (one fulminant hepatitis, one encephalitis, and 
one acute kidney failure).

These findings confirm the promising activity of both single and double check-
point blockade in MPM patients who have relapsed. However, data presented at 
2019 ESMO conference from the European Thoracic Oncology Platform (ETOP 
9-15) PROMISE-meso randomized phase III trial (NCT02991482) comparing PD-1 
inhibition with pembrolizumab to institutional choice single agent CT (gemcitabine or 
vinorelbine) as second line treatment failed to show superiority of PD-1 treatment (88). 
Nearly four times more patients responded to immunotherapy (ORRs were 22% with 
pembrolizumab versus 6% in CT, p = 0.004), but these responses were not translated 
into delayed progression or improved survival (median PFS was 2.5 months (95% CI 2.1-
4.2) with pembrolizumab and 3.4 months (95% CI 2.2-4.3) with chemotherapy, HR = 1.06 
(95% CI 0.73–1.53), p = 0.76). In this study long term responders to pembrolizumab were 
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also found, again underlining the importance of understanding which patients should 
receive this treatment instead of chemotherapy (88). Data from another randomized 
trial comparing nivolumab versus placebo in patients pre-treated with at least two 
lines of chemotherapy (NCT03063450 (CONFIRM)), are also warranted in order to 
select the best strategy. At the current time, results from the MAPS2 trial supported 
the National Comprehensive Cancer Network (NCCN) panel decision to introduce 
either nivolumab or nivolumab plus ipilimumab as treatment options in relapsed 
MPM patients and nivolumab was approved in Japan as second-line treatment after 
results from a multicenter, open-label, single-arm, Japanese phase II study in MPM 
(MERIT) were reported, with ten (29%) patients showing an objective response (89).

Similar to other cancers, there might be a subgroup of MPM patients who might 
obtain a larger benefit from CIs, but relevant biomarkers have not been determined 
yet. Tumor PD-L1 IHC expression (with a cut-off of 1%) was correlated to ORR in both 
groups of MAPS-2 trial (nivolumab alone or nivolumab combined with ipilimumab) (87) 
but resulted in a better OS only in the nivolumab group. These correlations were not 
consistent in another phase II trial with nivolumab (90) and, although PD-L1 status may 
be associated with sensitivity to CIs, also patients with low PD-L1 expression benefit 
from this treatment, with a reported ORR of 11.1% (91). Intra-patient heterogeneity, 
different cut-points for PD-L1 positivity and lack of assay standardization also prevent 
PD-L1 from being used as the only selection criteria for CIs-treatment in MPM. This 
should lead researchers to investigate other tumor and patients’ characteristics 
(histological subtype, performance status, blood-derived tests) to get an upfront 
identification of patients who are likely to respond to CIs and integration of multiple 
parameters (infiltration of CD8 and other subpopulations of T-cells (92), genomic 
signatures, specific mutations, expression of different checkpoint inhibitors) beyond 
PD-L1 status will be crucial.

To improve response rate to CIs in MPM patients, two options may be pursued. The 
first one is to move CIs towards the first-line setting, where the reinvigoration of 
the immune system may be stronger and more efficient, and to combine them with 
chemotherapy, similar to what happened in non-small cell lung cancer. Results of 
the addition of the PD-L1 inhibitor durvalumab to cisplatin and pemetrexed were 
presented in form of an abstract at the 2018 World Conference on Lung Cancer (93), 
showing a PFS of 6.2 months with a 48% ORR in the context of a non-randomized 
phase II trial - ORR is 41.3% with first-line chemotherapy alone, as historically reported 
(14). In the United States, a similar phase II trial investigating durvalumab (MEDI4736) 
in combination with chemotherapy for first-line treatment of MPM is currently in the 
analysis phase (NCT02899195). The addition of either pembrolizumab (NCT02784171) 
or nivolumab (in a Japanese population) (94) to chemotherapy is also being studied. 
The combination of ipilimumab and nivolumab is being compared with the cytotoxic 
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chemotherapy standard in the first-line setting as well, with about 600 patients 
expected to be enrolled in a phase III trial (95).

The second option may be to combine CIs with either different immune-modulatory 
molecules, targeted therapies, antiangiogenic agents, or radiotherapy. Additional 
co-inhibitory and co-stimulatory molecules such as T-cell immunoglobulin and 
mucin-domain containing-3 (TIM3, also known as HAVCR2), lymphocyte activation 
gene 3 (LAG3) and inducible T cell co-stimulator (ICOS) are being investigated in 
mesothelioma (96–98). Inhibiting FAK together with PD-1, may enhance immune 
cell-associated antitumor cytotoxicity in vivo, which is hampered by expression of 
PD-L1 (99) and this represented the rationale for a phase I/IIa currently ongoing 
(NCT02758587). Similarly, in addition to the direct anti-tumor effects, pegylated 
arginine deiminase (ADI-PEG 20) may boost tumor immune surveillance and might be 
a good primer for an additional anti-tumor immune therapy (100), raising the question 
whether combining ADI-PEG 20 with PD-1/PD-L1 blockers may further enhance these 
drugs’ anti-tumor efficacy (101).

Early phase trials also assessed the combination of anti-PD1/PDL1 agents and MSLN-
directed therapies (in MSLN-positive patients). After results from a pre-clinical murine 
lung tumor model (CT26hMeso) demonstrated anti-PD1 enhanced LADD-induced 
tumor response (102), a phase 2 single-arm study of CRS-207 with pembrolizumab 
in relapsed MPM was started but no responses were showed, and the study was 
discontinued (102). Two other phase 2 trials (NCT03644550, NCT03126630) assessing 
the combination of pembrolizumab with the anti-MSLN Immunotoxin LMB-100 and 
with the antibody-drug conjugate anetumab ravtansine are currently enrolling 
patients, with the latter one also randomizing patients to pembrolizumab alone as 
active comparator.

Growing evidence that pro-angiogenesis factors have immunosuppressive activity has 
led researchers to evaluate the potentially synergistic combination of antiangiogenic 
agents and immunotherapy also in the treatment of MPM. VEGF signaling has been 
shown to attenuate the immune antitumor response by either influencing lymphocyte 
trafficking across endothelia to the tumor or directly inducing inhibitory immune 
cell subsets (103). Several trials are aiming to address whether the combination of 
CIs and antiangiogenic agents (either mAbs as bevacizumab and ramcirumab or 
TKIs as nintedanib) is able to improve outcomes in MPM patients (NCT03762018, 
NCT02856425, NCT03502746).

Finally, similarly to certain types of chemotherapy, radiotherapy can be exploited for 
its ability to cause immunogenic cell death (ICD), thus priming the release of damage-
associated molecular patterns (DAMPs) and tumor-associated antigens (TAAs) and 
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inducing a systemic anti-tumor immune response, that may be further enhanced by 
PD-1 (pembrolizumab) or PD-L1 (avelumab) blockade (NCT02959463, NCT03399552).

Vaccines. Vaccines represent another way to boost the immune system activation 
against the tumor. Both protein, vector and cell-based vaccines have been tested 
in MPM.

Galinpepimut-S is a WT-1 synthetic peptide vaccine made out of molecules similar 
to those in the WT1 protein. After a phase II trial confirmed vaccine’s safety when 
administered in the adjuvant setting, researchers’ efforts are currently directed towards 
the assessment of the combination of galinpepimut-S and nivolumab (NCT04040231). 
It has been hypothesized that the negative influence of tumor microenvironment 
factors on the immune response might be mitigated by nivolumab, thus providing 
the opportunity for the reinvigorated immune cells, specifically sensitized against 
WT1 by the vaccine, to invade and destroy cancerous growth deposits.

Dendritic cells are antigen-presenting cells that present tumor-associated antigens 
(TAAs) to the immune system by trafficking from tumors to lymph nodes. They are 
essential in priming proliferation and activation of CD8+ cytotoxic T–lymphocytes and 
CD4+ helper T-lymphocytes resulting in a potent and specific anti-tumor response 
(104). Dendritic cell function is hampered in cancer patients by tumor-derived soluble 
factors that suppress their immune-stimulatory ability (105,106). However, dendritic 
cells can be generated in large amounts ex vivo and loaded with TAAs, prompting 
their recent usage as cancer vaccines in several neoplasms, including MPM. Several 
sources of tumor antigens (mRNA, peptides, proteins or whole tumor cell lysate) can 
be used to load DCs (107). Because TAAs are difficult to identify in mesothelioma (thus 
excluding peptides as best source), and adequate tumor tissue is rarely obtained 
from mesothelioma patients (108,109), an allogenic tumor lysate has been developed 
(110). Results from a first-in-human clinical trial involving nine MPM (non-progressive 
after at least 4 cycles of chemotherapy) showed that this approach is safe (no dose-
limiting toxicities were established) and led to radiological responses and promising 
survival data, with median PFS of 8.8 months and median OS not reached (110). A large 
multicentric phase II/III randomized trial with allogeneic-lysate pulsed dendritic cell 
immunotherapy as maintenance treatment after platinum-based chemotherapy is 
currently enrolling in Europe (NCT03610360 (DENIM)) (111).

T cell therapies. Another promising cell-based strategy in mesothelioma is 
represented by adoptive T cell therapy. Data from a phase I trial investigating chimeric 
antigen receptor (CAR) T cell therapy targeted to the MSLN protein in 19 MPM patients 
progressed following standard platinum-based chemotherapy were recently reported 
(79). A single-dose of second-generation CD28-costimulated MSLN-CAR T cells with 
the Icaspase-9 safety gene (IcasM28z) was given intrapleurally (as recommended 
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by previous observations in murine models, in which intrapleural administration 
vastly outperformed intravenous infusion) (112) with or without cyclophosphamide 
preconditioning. No evidence of on-target, off-tumor or therapy related toxicity was 
seen, and CAR T-cell persistence was associated with decreased levels of serum 
soluble MSLN-related peptide (SMRP) levels (>50% compared to pretreatment) and 
evidence of tumor response. Of the 14 patients who received anti-PD1 agents, off-
protocol, after the CAR T-cell therapy, 2 achieved a complete metabolic response, 5 
obtained a partial response, and 4 had stable disease. Combining anti-PD1 therapy 
with CAR T cells is also supported by prior preclinical data showing that CAR T cells 
become functionally exhausted in the presence of a large tumor burden and that 
anti-PD-1 therapy can reactivate these exhausted cells (113).

Virotherapy. Oncolytic viral therapy represented in the last decades an emerging 
field of immunotherapy and a promising experimental strategy. Viruses can act by 
infecting cancer cells and leading to cell lysis after replication. This renders tumor-
associated and viral antigens recognizable to the immune system, thus triggering 
antitumor immune responses (viroimmunotherapy) (114,115). Oncolytic viruses need 
also to be tumor selective, and although malignant cell-specific oncolysis naturally 
occurs because of the impairment of the type I interferon pathway in many tumor 
cells, viruses may be engineered in order to increase their selectivity. Viruses may 
be used also for gene therapy, thereby therapeutically changing the infected tumor 
cells by gene transfer (116).

The pleural location and the peculiar pattern of growth (mostly localized), which 
provide access to direct intratumoral injection of virus, make MPM an ideal candidate 
for assessing the efficacy of oncolysis (116). The safety of virotherapy has been 
assessed and some clinical response have been reported (114). Among the many 
viral vectors that have been investigated, the recombinant replication incompetent 
adenoviral (ADV) vector encoding human interferon-α (IFNα, a naturally-occurring 
protein with anti-cancer properties) administered ‘in situ’ (intrapleurally) with celecoxib 
(to reduce the number of immunosuppressive MDSCs) before chemotherapy, was 
well tolerated and appeared to improve overall survival rates (117). Combinations of 
virotherapy with CIs, chemotherapy, and radiation are expected to further boost the 
effects on antitumor immunity and represent the object of ongoing trials (118–120), 
such as the phase III INFINITE trial (NCT03710876), in which about 300 patients will 
receive gemcitabine and celecoxib with or without the ADV-delivered IFNα-2b (rAd-
IFN).

Conclusion

In the past two decades there was limited success in the development of novel 
therapies for MPM. Multiple biases in the design of clinical trials and the peculiar 
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biological features of MPM were most probably responsible for delaying the discovery 
of effective therapeutic agents. Most of the previous trials attempted to readapt drugs 
that succeeded in other cancer types to MPM. However, they were either too small 
or not stratified for predictive biomarkers. Results from phase II studies were often 
not replicated in larger, randomized, phase III trials, pointing out that well controlled 
trials with appropriate size and duration are crucial to confirm the efficacy of a new 
agent (121).

In the last few years, mesothelioma genetics, epigenetics and the tumor 
microenvironment (especially immune-biology) have been studied more deeply 
and this knowledge has started to be properly applied to discover new therapies. In 
particular, expectations are now high that CIs and other immunotherapies will have a 
leading role in the future therapeutic armamentarium of MPM. Noteworthy, scientific 
evidence supporting the use of CIs in MPM are still incomplete, mainly based on 
non-randomized studies with surrogate end-points and they have not been always 
replicated in the real-life context. Because of the risk of cumulative toxicities and of 
the high cost of these drugs (especially of combinations), validated biomarkers are 
urgently needed to select MPM patients who may benefit from immunotherapies. 
Since the ‘one-size fits all’ approach is not recommended for immunotherapy and 
MPM and the efficacy of CIs is still to be established in a larger population, there is 
still a need for new treatments in MPM and the implementation of other targeted 
agents is eagerly awaited.

Only a close collaboration between medical centers and industry may lead to the 
conduction of well-designed, biomarker-driven clinical trials. New trials should 
always include translational and quality of life components, in order to clarify the 
molecular basis of response or progression to treatments and to finally improve the 
degree of reliability of the possible benefit of new therapies for MPM.
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Abstract

Malignant pleural mesothelioma (MPM) is an aggressive neoplasm with low survival 
rates. Platinum-based chemotherapy has represented the cornerstone of treatment 
for over a decade, prompting the investigation of new therapeutic strategies 
both in the early stage of the disease and in the advanced setting. The advent of 
immune check-point inhibitors (ICIs) has recently revamped the enthusiasm for 
using immunotherapy also in MPM. However, results from first clinical trials using 
single immune check-point inhibition have been conflicting, and this may be mainly 
attributed to the lack of specific biomarkers as well as to intra- and inter- patient 
heterogeneity. The phase III Checkmate743 firstly demonstrated the superiority of 
an ICI combination (nivolumab plus ipilimumab) over chemotherapy in the first-line 
treatment of unresectable MPM, leading to FDA approval of this regimen and showing 
that moving beyond single immune check point inhibition might be a successful 
strategy to overcome resistance in the majority of MPM patients. In this review, we 
describe the emerging immunotherapy strategies for the treatment of MPM. We also 
discuss how refining the approach in pre-clinical studies towards a more holistic 
perspective (which takes into account not only genetic but also pathophysiological 
vulnerabilities) and strengthening multi-institutional collaboration in clinical trials is 
finally helping the clinical development of immunotherapy in MPM.
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Introduction

Malignant pleural mesothelioma (MPM) represents an uncommon and orphan 
thoracic malignancy, whose incidence is peaking worldwide. The prognosis of this 
disease has not been improving since the addition of pemetrexed to platinum-based 
chemotherapy in 2004 [1], with a median survival of about 1-year post-diagnosis for 
unresectable patients [2]. The advent of immunotherapy across multiple cancer 
types along with a better appreciation of mesothelioma biology has revamped 
the enthusiasm for improving outcomes of this extremely resistant neoplasm [3]. 
Expectations were high that immune check-point inhibitors (ICIs) might have entered 
the treatment landscape, mirroring what had already happened in other thoracic 
cancer [4]. However, findings from both clinical trials [5, 6] and real-life observations 
[7, 8] with single ICIs were conflicting, with tumor responses being variable and so 
far unpredictable. The CONFIRM (Checkpoint Blockade for Inhibition of Relapsed 
Mesothelioma) randomized phase III trial showed the superiority of the anti-
programmed death-1 (PD-1) agent nivolumab versus placebo in relapsed MPM [9]. 
However, investigators of the PROMISE-MESO trial did not find any difference in terms 
of progression free survival (PFS) when pembrolizumab, another anti-PD1 agent, was 
compared to investigator’s choice chemotherapy, despite an increase in response 
rate [10]. More recently, the CheckMate 743 trial combined ICIs by evaluating the 
combination of nivolumab and ipilimumab (anti-PD-1 and anti-cytotoxic T-lymphocyte 
associated protein 4 (CTLA-4), respectively) reporting a significant improvement in 
overall survival (OS) versus platinum-based chemotherapy (to a greater extent in 
non-epithelioid tumors), leading to a new standard of care in the first-line setting [11].

These results highlighted the potential of combining ICIs with other immunotherapies, 
as well as targeted agents and old-school chemotherapy to improve prognosis in 
MPM. Since the “one size fits all” approach is unlikely to be satisfying in MPM, focus 
should now lie on the heterogeneity of the genetic and epigenetic landscape and of 
the composition of the tumor immune microenvironment of MPM.

Herein, we discuss the rationale behind and the preclinical development of new 
immunotherapy strategies, taking a step further single immune check point inhibition 
to increase the population of MPM patients who may derive clinical benefit from 
these approaches.

3
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Rationale of immune-modulation in mesothelioma patients

Studying mesothelioma pathogenesis is crucial to understand how its unique tumor 
immune microenvironment (TIME) is shaped and to unleash the potential of immune-
modulation in treating patients. By migrating to pleural space and interacting with 
mesothelial cells and immune cells, asbestos fibers are known to establish a process 
of chronic inflammation [12]. Asbestos fibers are phagocytized inside the pleural 
space by macrophages, which are in turn unable to totally digest them, leading to 
the production of reactive oxygen species (ROS). Asbestos has also a direct effect on 
mesothelial cells through DNA damage and strand breaks, which adds to the indirect 
effect caused by ROS release [13]. The release of inflammatory cytokines and growth 
factors by both mesothelial cells and macrophages attracts a wide spectrum of 
immune and stromal cells, leading to carcinogenesis (through genetic and epigenetic 
mechanisms) [14] and progression with a latency of up to 30-40 years from exposure 
to MPM diagnosis [3].

This long carcinogenesis process, combined with tumor localization, might explain 
the resistance of MPM tumors to treatments. In particular, two main steps of the 
anti-tumor immune response machinery contribute to the conflicting results of ICI 
monotherapy in mesothelioma: tumor antigen presentation and T cell activation. 
While the second may be restored by the use of anti-PD(L)1 agents, it would not 
translate into an effective and durable tumor response in the absence of the first 
factor [15] [16].

Unlike other tumors associated with carcinogenic exposures such as lung cancer 
and malignant melanoma, next generation sequencing (NGS) reported very low 
tumor mutation burdens (TMB) in mesothelioma [17]. Noteworthy, besides events 
like alternative splicing which seems per se a source of tumor-specific neoantigens 
and shapes the TIME in MPM [18], currently available NGS approaches might be 
not able to capture the full genomic complexity of this tumor, being unable to 
identify recurrent inter- or intra-chromosomal structural rearrangements in patterns 
such as chromoplexy or chromothripsis. Chromosomal rearrangements generate 
truncations or fusion transcript which, similarly to insertion and deletion, have 
neoantigenic potential [17]. Kosari and colleagues used a new genomic approach 
to detect structural variants (as defined by tumor junction burdens) resulting from 
chromosomal rearrangements and combined them with transcriptomic data to refine 
selection of patients receiving ICIs. They showed that genomic structural variants 
were associated with improved survival, but only in the context of antigen processing 
and presentation gene set expression. In contrast, tumor junction burdens in the 
absence of antigen processing and presentation gene set expression were predictive 
of reduced survival [19]. These findings were specific to patients treated with immune 
checkpoint inhibitors, highlighting that expression of neoantigens and aberrant self-
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antigens, as well as antigen processing and presentation are crucial hallmarks of 
response to ICB also in the context of mesothelioma [20].

Since T-cell receptor (TCR) repertoire is driven by the intratumoral neoantigen 
landscape, in turn modeled by focal HLA loss or antigen processing defects, it was 
questioned whether TCR clonality/diversity might be correlated with clinical outcome 
for ICI therapy in MPM.

In contrast to TMB-high tumors such as melanoma [21] or non-small cell lung cancer 
(NSCLC) [22] in which the anti-tumor immune responses is driven by a clonal TCR, 
Forde and colleagues showed that immune cell repertoire diversity is required to 
mount an effective anti-tumor immune response in MPM. Noteworthy, these data were 
observed in MPM patients treated with chemoimmunotherapy and chemotherapy-
induced cell death might have impacted on the TCR repertoire landscape leading 
to efficient antigen presentation to T cells and expansion of specific clones [23]. On 
one hand, this fact prevents the authors from extrapolating the results in the context 
of single-agent ICI, on the other it paves the way for new mechanistic insights on the 
way chemoimmunotherapy might help overcoming primary resistance to check-point 
inhibition alone [24] (Figure).
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Figure 1. Emerging immunotherapy strategies in malignant pleural mesothelioma (MPM) 
beyond single immune check-point inhibitors (ICI). Multiple strategies are currently investi-
gated in the context of MPM to overcome primary and acquired resistance to ICI monotherapy. 
Combination with platinum-based chemotherapy results in synergistic effect by favoring an 
induction of an immunogenic type of cancer cell death through exposure of calreticulin and 
release of ATP and high-mobility group protein box-1 (HMGB-1). As epithelioid MPM is more 
chemosensitive while ICIs conferred a striking survival advantage especially in non-epithelioid 
MPM, it is possible that the synergistic effect of chemo-immunotherapy confers a particular 
advantage for patients with epithelioid MPM. Radiotherapy facilitates recruitment of anti-tu-
mor immune cells and cause tumor-specific activated T lymphocytes to mediate regression 
of distant tumors not being irradiated themselves (abscopal effect), although this effect might 
have a lower impact in mesothelioma as most tumors spread locally. Anti-angiogenic agents 
can also alleviate immunosuppression and, when combined to ICIs, reshape the tumor immune 
microenvironment (TIME) through vascular remodeling. DC therapy, namely DCs which are 
ex vivo loaded with tumor-associated antigens (TAAs), acts as adjuvant in those first critical 
steps of tumor-specific immune responses which are critically impaired in MPM because of 
its “cold” phenotype. Once T cells are primed and activated by DC therapy, usage of ICIs may 
prevent the onset of early exhaustion mechanisms. Combinations of anti-PD1/PD-L1 agents 
with other antibodies targeting co-inhibitory or co-stimulatory receptors (T cell immunoglob-
ulin and mucin-domain containing-3 (TIM3) receptor, lymphocyte activation gene 3 (LAG3) 
receptor, or inducible T cell COStimulator (ICOS)) confer a more widespread reinvigoration of 
the anti-tumor immune response. Albeit adoptive T-cell therapy in MPM is usually limited by 
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heterogeneity in tumor antigen expression, immunosuppressive TIME, and inhibition of immune 
cell trafficking, it may optimally synergize with ICIs blocking inhibitory signals and therefore 
allowing transferred T cells to function effectively. Other abbreviations: B7, B7 protein (CD80/
CD86); CAR, chimeric antigen receptor; CD28, cluster of differentiation 28; CD40, cluster of dif-
ferentiation 40; CSF-1R, colony stimulating factor 1 receptor; CTLA-4, cytotoxic T lymphocyte 
associated protein-4; DAMP, damage-associated molecular pattern; MDSC, myeloid-derived 
suppressor cells; MHC, major histocompatibility complex; PD-1, programmed cell death-1; 
PD-L1, programmed death ligand-1; TAM, tumor-associated macrophages; TCR, T-cell receptor; 
TCR-T cell, TCR engineered T cell; TKI, tyrosine kinase inhibitor; Treg, regulatory T cells; VEGFR, 
vascular endothelial growth factor receptor.

Considering intra and inter-patient heterogeneity, Zhang and colleagues unveiled 
that the genomic clonal architecture modulates immune surveillance, with MPM 
harboring higher subclonal neoantigen burden being associated with higher T 
cell infiltration, but also with HLA loss of heterozygosity (HLA LOH) consistent with 
immune escape, probably as a consequence of heightened tumor surveillance [25]. 
This is paralleled by a substantial changes in the expression of immune-related genes 
in different tumor samples from the same patient, as well as by differential infiltration 
of immune populations in the TIME, supporting the necessity of multi-sampling for 
the implementation of a tailored immunotherapy approach [26, 27].

By performing an unsupervised analysis of gene expression in 284 MPMs, Alcala 
and colleagues showed that samples did not form discrete clusters, and rather 
conformed to a continuum of expression profiles, suggesting to move further the 
traditional histological classification which foresees three discrete entities: epithelioid, 
biphasic and sarcomatoid MPM. At one extreme of this continuum two bad-prognosis 
specific molecular profiles were identified: a “hot” bad-prognosis profile, constituted 
by high lymphocyte infiltration and high expression of immune check points and 
pro-angiogenic genes; a “cold” bad-prognosis profile, with low lymphocyte infiltration 
[28]. These evidences, together with the fact that antiangiogenic agents encourage 
the differentiation and activity of immune cells [29], targeting both the immune and 
vascular systems in MPM might represents an alternative therapeutic strategy in the 
context of proper patients’ stratification (Figure).

Due to its relatively modest response rates with immune check-point inhibition 
alone, MPM might generally be considered a “cold” cancer. However, MPM TIME 
profile might be more commonly defined as “altered” and further categorized as 
“immunosuppressed” (with cytotoxic T-ymphocytes [CTLs] infiltrating the tumors 
without carrying out any meaningful activity) or “excluded” (with CTL infiltration but 
not beyond the invasive margin) [30]. In fact, the MPM TIME tends to acquire an 
anergic profile, sculpted by the presence of different immunosuppressive cells, which 
in turn suppresses not only the effector arm (CTL response inside the tumor) but also 
the inductive arm of the anti-tumoral immune response (antigen-presenting cells) [31].
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Awad and colleagues found frequent co-expression of PD-1 and T-cell 
immunoglobulin and mucin domain 3 (TIM-3) on CD8+ T cells in the TIME, suggesting 
that combined immune check-point inhibition might improve tumor responses 
in specific MPM subtypes such as PD-L1 positive and those with a sarcomatoid 
component [32]. Noteworthy, the tumor draining lymph node (TDLN) might also 
play a crucial role in generating primary anti-tumor immune responses following ICI 
therapy. In fact, recent data derived from a mesothelioma mouse model suggest that 
anti-tumor T cell immunity can also be boosted by selectively alleviating immune 
suppression in the TDLN leading to effectively control distant tumor sites [33]. 
This follows recent insights into tumor biology showing that PD-1 inhibition takes 
place mostly in B7-rich environment such as LNs, and is less likely in the immune-
suppressive TIME such as MPM [34].

A strong expression of the immune-checkpoint gene V-domain Ig suppressor of T 
cell activation (VISTA), strikingly higher than in other solid cancers, was also reported 
in epithelioid MPM. VISTA is a member of the B7 family of and is thought to act as 
negative checkpoint regulator primarily expressed on infiltrating tumor macrophages. 
Because in the context of MPM, VISTA was found to be highly expressed mainly on 
MPM cells (unlike other cancer types where it is more often expressed on immune 
cells) [35], and was not related with overall mutation load, it was speculated that 
VISTA may restrain antitumor immune responses in a subset of MPM cases [36].

Using gene set variation analysis to infer the abundance of immune cell fractions out 
of 516 MPM samples, Alay and colleagues found three prognostic immune clusters. 
IG1 (54.5% of the samples) was characterized by high T-helper 2 and low cytotoxic T 
cell levels, while on the opposite side of the spectrum IG3 (8.5%) was defined by low 
T-helper 2 and high cytotoxic T cell levels. Authors also stated that patients belonging 
to IG3 may derive a larger benefit from immunotherapy [37].

Tumor response can also be promoted or hindered by the dynamic cross talk 
between tumor cells and immune cells other than helper and/or cytotoxic T cells. 
Regulatory T cells (Tregs), as well as tumor associated macrophages (TAMs) and 
myeloid-derived suppressor cells (MDSCs) play a key role in shaping the MPM TME 
and their presence should be regarded not only as prognostic biomarker but also as 
critical regulator of resistance to ICI monotherapy as these cells are able to attenuate 
the activity of effector and helper T-cells [38, 39]. Higher Treg abundance was found 
in MPMs with lower neoantigen diversity [25]. In a mice mesothelioma model, tumor 
growth was significantly reduced and survival increased after depleting Treg cells by 
a CD25-depleting antibody prior to tumor implantation or by using cyclophosphamide 
[40, 41].
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The size of the myeloid suppressor compartment is considered to be an important 
factor in the clinical success or failure of cancer immunotherapy [42]. When co-
cultured with CD8+ T-cells from the same MPM tissue, both granulocytic and 
monocytic myeloid-derived suppressor cells (Gr-MDSC/Mo-MDSC) reduced CD8+ 
T-cell interferon gamma (IFNγ) production and proliferation. Moreover, they produced 
ROS, nitric oxide (NO) and kynurenine, further boosting the immunosuppressive effect 
on T-cells [43].

TAMs are also numerous in MPM tissue, with about 25-40% of total immune infiltrates 
[31, 44]. Their phenotype is plastic and regulated by the local microenvironment, 
yet they are held responsible for tumor development and for boosting the 
immunosuppressive TIME of MPM [45, 46]. TAMs can secrete chemokines and 
cytokines that promote the development of tumors such as IL-6, IL-8, IL-10, and 
CCL22 [47], which further promotes the infiltration of Tregs inside TIME. Albeit too 
simplistic, a binary classification of TAMs has been proposed, with M1 macrophages 
displaying antitumorigenic function and type M2 macrophages promoting tumor 
development [48]. Using multiplexed fluorescence, Ollila and colleagues recently 
confirmed the association between type M2 pro-tumorigenic macrophages (CD163+ 
CMAF+ HLA-DRA1-) in the TIME and shorter survival [49]. Colony-Stimulating Factor 1 
(CSF1)/Colony-Stimulating Factor Receptor (CSF1R) signaling also detains a key role 
in the differentiation of monocytes into specific TAM phenotypes and CSF1R inhibition, 
combined with PD-L1 inhibitors, might limit mesothelioma growth [50].

However, effectively targeting and reducing TAMs by M-CSFR inhibition led to 
lower neo-angiogenesis and ascites in mesothelioma mouse models, but did not 
increase local infiltration of CD8+ T-cells [51]. When targeting TAMs was combined 
with dendritic cell (DC) vaccination, longer survival was achieved in the same mouse 
models with a concomitant increase in CD8+ T-cell numbers and functionality [51]. This 
may be ascribed to the fact that by depleting TAMs, not only the immunosuppressive 
but also the immunoactivating ones were depleted. Other efforts have been done 
to shift the macrophage fenotype in vivo [52], but results in murine models have not 
be replicated in the clinic so far. Again, this heterogeneity and granularity of results 
highlight the importance of understanding how best to harness the immune response 
to MPM to improve prognosis (Figure).

Another complicating factor in mesothelioma is the lack of a common tumor 
associated antigen (TAA) [53-55]. Another issue is the fact that a tumor might be 
able to express different tumor antigens in different amounts depending on the 
environmental circumstances. When the cytotoxic T-cell reaction is directed against 
a certain antigen this antigen may be downregulated by the tumor cell or clonal 
selection might occur followed by resistance to antigen-targeting immunotherapy [15]. 
This might impair the multiple tumor-associated antigen-targeting immunotherapy 

3
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approaches (e.g. antibody based therapy, chimeric antigen receptor [CAR] and TCR 
T-cell therapies) that are currently tested in MPM [56].

In this context, vaccines with tumor lysate priming strategies may be advantageous in 
providing the full antigenic repertoire of the tumor, reducing the possibility of tumor 
escape and inducing a broader immune response. Therefore, both priming (through 
vaccines) and activating (through active and passive immunotherapy) the anti-tumoral 
immune response, thus moving beyond single immune check point inhibition, is key 
to obtain significant and durable tumor responses and is where most of the research 
on MPM is moving in the last two years [56] (Figure). As already done for other cancer 
types, the impact of host-intrinsic factors should also be taken into account, as it 
might help researchers to better understand MPM and immune co-evolution. To this 
extent, evidence is now accumulating on the role of glucose and lipid metabolism in 
the competition between tumor and immune cells [57, 58] and on the susceptibility 
to nutrient stress in MPM cell lines [2, 59], yet success in targeting cancer metabolism 
therapeutically has been limited so far [60, 61].

In conclusion, adopting a more holistic perspective and identifying not only genetic 
but also pathophysiological vulnerabilities, may lead to the development of new 
therapeutic combinations and ultimately increase the percentage of MPM patients 
who benefit from immunotherapy.

Combination of immune check point inhibitors with conven-
tional therapies

Combination of multiple immune check point inhibitors

A combination of ICIs may amplify their antitumoral effect and help overcome 
frequently observed therapeutic resistance since immune checkpoint proteins are 
involved in different stages of T-lymphocyte activation. Interest has emerged in using 
ICI combinations as both initial and rescue therapies. Positive clinical effects have been 
previously documented with the combination of anti-CTLA-4 monoclonal antibodies 
(Mabs) with anti-PD-L1 Mabs in other cancers by limiting the ability of malignancies 
like melanoma and NSCLC from exploiting negative feedback mechanisms leading 
to immune exhaustion and tolerance [62]. Several trials now support the use of this 
and of other immune checkpoint combination strategies in MPM.

In NIBIT-MESO-1, an open-label, single center, phase 2 study, Calabro’ and colleagues 
investigated the use of tremelimumab (anti-CTLA-4 MAb) combined with durvalumab 
(anti-PD-L1 MAb) in patients with unresectable pleural (or peritoneal mesothelioma) 
that had declined or progressed after first-line chemotherapy. Of the 40 patients 
recruited, the majority of whom had pleural mesothelioma, 28% had partial response 
to therapy with a duration of 16.1 months and 65% had disease control with a median 
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duration of 10.6 months. Median PFS was 8 months and mOS was 16.6 months. 
Notably, 75% of participants had immune-related adverse events (irAEs), mainly 
involving the skin and gastrointestinal tract, with a smaller proportion affecting 
the endocrine, hematological, neurological, and renal systems [63]. Subsequently, 
another single center, phase 2 study by Venkatraman and colleagues, assessed again 
the combination of tremelimumab and durvalumab for patients that had previously 
received pemetrexed-based chemotherapy. Despite enrollment of 19 participants, 
they were unable to meet their primary endpoint of overall response rate (complete 
and partial response to therapy) as defined by the Response Evaluation Criteria in 
Solid Tumors (RECIST) criteria, but they showed that the treatment combination was 
well-tolerated [64].

Disselhorst and colleagues demonstrated in the INITIATE trial – a prospective, 
single center, phase 2 trial – that the combination of ipilimumab and nivolumab, 
in patients with previously treated and/or recurrent MPM, led to disease control 
(either stable disease or partial response) at 12 weeks in 68% of the study participants 
with a median duration of response (time from start of response to progression) 
of 14.3 months. At 6-month follow-up, 50% of patients enrolled had continued 
disease control. As with previous combination trials, however, a large proportion of 
enrollees (94% of participants) experienced some irAEs with 23% requiring systemic 
corticosteroids [65]. Published in the same year, the MAPS2 trial by Scherpereel 
and colleagues - a multicenter, randomized, non-comparative, open label phase 
2 trial - evaluated the role of nivolumab as monotherapy and of the combination 
of nivolumab and ipilimumab in patients with MPM progressing after first-line 
chemotherapy. The investigators showed a disease control rate at 12 weeks of 50% 
of those in the combined therapy group and of 44% in the monotherapy group, with 
a 1-year estimated survival of 79.2% and 58.1%, respectively. Most participants in the 
combination arm (94%) had mild treatment related AEs, but importantly three (5%) 
resulted in death, specifically from encephalitis, hepatitis, and acute renal failure in 
an end-of-life patient with progressive disease [6].

More recently, the open-label, multicenter, randomized, phase 3 study (CheckMate 
743) compared the effect on OS of the combination of nivolumab and ipilimumab 
versus platinum-based chemotherapy in patients with previously untreated MPM. 
The combination immunotherapy group had a median OS of 18.1 months versus 14.1 
months in the chemotherapy group (96.6% CI 0.60-0.91 p=0.0020) and an impressive 
2-year survival rate of 41% versus 27%. The benefit also extended to 3 years with an OS 
rate of 23% with nivolumab plus ipilimumab versus 15% with chemotherapy. Patients 
with non-epithelioid histology (HR 0.46 [95% CI 0.31–0.68]) or PD-L1 tumor expression 
of 1% or higher (HR 0.69 [95% CI 0.55–0.87]) benefited more by the combination of 
nivolumab and ipilimumab in terms of OS than those with epithelioid subtype (HR 0.86 
[95% CI 0.69–1.08]) or PD-L1 expression of less than 1% (HR 0.94 [95% CI 0.62–1.40]) [11].

3
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Noteworthy, this regimen was generally well tolerated, with three treatment related 
deaths occurring secondary to pneumonitis, encephalitis, and heart failure, showing 
that moving the combinational treatment as front-line may also result in a better 
patients’ compliance [11]. These studies paved the way for FDA approval as first-line 
treatment of unresectable MPM for this combination in October 2020. The treatment 
has been endorsed as first-line approach also in the recently published ESMO 
guidelines [66].

The large differences observed in patient responses across different trials still 
remains difficult to interpret by using the traditional biomarkers. In an attempt to 
solve this research question, Mankor and colleague evaluated participants’ peripheral 
blood samples from the INITIATE and NivoMes trials (ClinicalTrial.gov identifier: 
NCT02497508) to characterize the immune cell response resulting from nivolumab 
monotherapy compared to nivolumab/ipilimumab combination ICI therapy. Unlike 
nivolumab alone, combination therapy resulted in proliferation and activation of more 
memory T-cell subsets independent of clinical response, and study participants who 
achieved better outcomes had a different T-cell distribution at baseline with more 
cytokine expressing terminally differentiated effector memory cells re-expressing 
CD45RA (EMRA) CD8+ T cells and less naïve CD8+ T cells [67]. Understanding this 
difference in immune response with single versus combined ICIs further supports 
additional study of combined immune pathway as targets for the treatment of MPM.

In addition to CTLA-4 blockade, animal models exploring PD-L1 ICI in combination 
with TIM-3 or lymphocyte activation gene product (LAG-3) blockade showed in-
vivo survival advantage by targeting these tumor infiltrating lymphocyte receptors 
[68, 69], and safety studies are ongoing exploring these target combinations in the 
clinic in a variety of malignancies including mesothelioma (ClinicalTrial.gov identifier: 
NCT03219268). CA-170, an oral PD-L1, PD-L2 and VISTA checkpoint blocker recently 
completed a phase I trial (ClinicalTrial.gov identifier: NCT02812875) with a good safety 
profile, and phase 2 trials are pending to assess clinical efficacy of this drug [70].

Combination of immune check-point inhibitors with chemotherapy

Despite the advances with combinations of ICIs, chemotherapy is expected to remain 
the backbone of therapy for years to come especially in patients with epithelioid 
MPM, with cisplatin and pemetrexed being the drugs more commonly used and the 
only approved therapy for over a decade [1]. One of the problems with combined 
ICI-strategies (such as the combination of nivolumab and ipilimumab investigated in 
the Checkmate 743 trial) is the rapid drop-off in PFS in patients receiving only ICIs. A 
similar problem has been already observed in NSCLC and it has been circumvented 
by adding a few cycles of cytotoxic chemotherapy that may further induce immune 
activation [71]. Therefore, clinical development of the treatment strategies in first-line 
treatment of MPM is likely to follow the same trajectory.
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As described previously, anti-PD-1 ICIs are safe and well tolerated when used in 
MPM, including patients previously treated with chemotherapy [72]. Durvalumab, 
an ICI against PD-L1, besides being safe, also showed signs of activity when used 
in combination with chemotherapy in the context of the DREAM trial [24]. In this 
study conducted in Australia, 54 MPM patients received cisplatin, pemetrexed, and 
durvalumab for a maximum of six cycles, followed by durvalumab maintenance for 
up to 12 months as first-line treatment. Six-month PFS resulted 57%, while objective 
response rate (ORR) and disease control rate were 48% and 87%, respectively. The 
recently published PrE0505 trial reported the effects of the same ICI-chemotherapy 
combination on OS. This phase 2 single arm study enrolled 55 patients of either 
MPM histology and at an average 24-month follow-up the median OS for participants 
was 20.4 months (compared to the historical 12-month median OS) with 44.2% of 
patients being alive at the end of the study. Those with epithelioid histology and 
with a higher tumor mutation burden were more responsive, both radiologically and 
in terms of OS [23]. Very recently, data from 18 MPM patients enrolled in the phase 
II JME-001 trial of first-line combination chemotherapy with nivolumab were also 
reported, showing an impressive rate of objective responses (77.8%; 95% CI 52.4%-
93.6%) and disease control (94.4%; 95% CI 72.7%-99.9%). Grade 3 or worse AEs were 
experienced by 10 (55.6%) patients [73]. Table 1 summarizes clinical outcomes and 
safety of clinical trials assessing the role of chemo-immunotherapy in first-line treated 
MPM patients. The ongoing DREAM3R (ClinicalTrial.gov identifier: NCT04334759) 
phase III trial will compare durvalumab in combination with standard chemotherapy 
versus chemotherapy alone helping to definitely clarify the role of this chemo-
immunotherapy combination.

3
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3.3. Combination of immune check-point inhibitors with other biological targets

Therefore, combination of multiple ICIs (and probably with chemotherapy) can further 
improve survival in MPM with generally manageable safety profiles. However, the 
most effective combination of ICI for each patient remains probably to be determined, 
and expanding our pool of drugs beyond targeting T-cell function to include other 
mechanisms such as angiogenesis, cell adhesion, mesenchymal transition, or 
combining immune-stimulation or microbiome manipulation may prove to be 
beneficial [74].

To this regard, several trials are ongoing exploring non-immune checkpoint mAb with 
potential to aid ICIs in disease control. For example, the BEAT-meso (ClinicalTrial.gov 
identifier: NCT03762018) a multicenter, randomized phase 3 trial, is looking to enroll 
400 participants to compare the OS using a combination of atezolizumab (anti-PDL1) 
with bevacizumab (anti-vascular endothelial growth factor [VEGF]) and chemotherapy 
versus chemotherapy and bevacizumab as first-line therapy. The combination of the 
antiangiogenic mABs (bevacizumab) with cisplatin and pemetrexed chemotherapy 
in treatment naïve MPM patients already proved to be effective in a phase 3 trial 
(MAPS study) done by Zalcman and colleagues that demonstrated a statistically 
significant increase in OS (18.8 months in the treatment group versus 16.1) [75]. 
However, bevacizumab has never been submitted for regulatory approval and other 
anti-angiogenic agents such as nintedanib and cediranib, both targeting VEGF, failed 
to produce a significant difference in OS when combined with standard chemotherapy 
and compared to placebo [76, 77]. Therefore, the BEAT-meso will finally investigate 
the potential of a unique combination of ICI with an anti-angiogenetic agents and 
standard chemotherapy, mixing T-cell and angiogenesis and lymphangiogenesis 
manipulation, all important elements in MPM carcinogenesis [78].

Clinical trials studying the combination of ICIs with additional targets relevant for MPM 
(mesothelin, VEGFR-2, ILT2/ILT4), bispecific antibodies (i.e, vudalimab), and T-cell 
activating proteins are ongoing (Table 2).

Combination of immune check-point inhibitors with local approaches

The evaluation of combined ICI therapy is not limited to additional biological targets, 
and combination with local approaches such as surgical resection is another avenue 
of active research. At the 2021 World Lung Cancer Conference (WCLC), Tsao and 
colleagues showed that neoadjuvant atezolizumab combined with cisplatin-
pemetrexed and followed by either pleurectomy/decortication (P/D) or extrapleural 
pneumonectomy (EPP) is a safe strategy for resectable MPM, with sixty percent of 
eligible patients being able to proceed to maintenance atezolizumab [79]. A currently 
enrolling Phase I/II trial is looking to use nivolumab with or without ipilimumab as 
neoadjuvant therapy for surgically resectable MPM and determine its safety, feasibility 
as well as disease response (ClinicalTrial.gov identifier: NCT03918252).

3
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In addition to direct tumor cell destruction via DNA injury, radiation therapy improves 
antigen presentation, upregulates inflammatory mediators and immunomodulatory 
cytokines with local and abscopal (i.e., distant from the irradiated field) antitumoral 
effects [80-82], thus an additive therapeutic effect may be seen when combined 
with ICI. Animal models using CTLA4 and PD-1 checkpoint blockade combined with 
radiotherapy have shown promising preclinical results with evidence of effector 
T cell activation and downregulation of Tregs [83-85]. While clinical data is very 
limited, local and abscopal anti-tumoral response with sequential radiation therapy 
and pembrolizumab has been described. However, there is reasonable concern that 
the immune potentiating effects of these therapies may increase the incidence of 
irAEs [86, 87]. Early phase trials are ongoing to evaluate stereotactic body radiation 
therapy (SBRT) in combination with ICI (ClinicalTrial.gov identifiers: NCT04926948, 
NCT03399552) also in mesothelioma.
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Immunotherapy for mesothelioma

Ta
b

le
 2

. C
o

n
ti

n
u

e
d

.

C
li

n
ic

a
lT

ri
a

l.
g

o
v 

id
e

n
ti

fi
e

r
D

ru
g

 o
r 

in
te

rv
e

n
ti

o
n

 c
o

m
b

in
a

ti
o

n
P

h
a

se
D

e
si

g
n

C
e

n
te

r
P

la
n

n
e

d
 p

a
rt

ic
ip

a
n

t 
e

n
ro

ll
m

e
n

t
E

xp
e

c
te

d
 

c
o

m
p

le
ti

o
n

 d
a

te

C
e

ll
 t

h
e

ra
p

y 
tr

ia
ls

N
C

T0
36

10
36

0
M

e
so

P
h

e
r 

(d
e

n
d

ri
ti

c 
ce

ll
s 

lo
ad

e
d

 w
it

h
 

al
lo

g
e

n
e

ic
 t

u
m

o
r 

ce
ll 

ly
sa

te
).

P
h

as
e

 2
/3

R
an

d
o

m
iz

e
d

, p
ar

al
le

l 
as

si
g

n
m

e
n

t,
 o

p
e

n
 

la
b

e
l.

M
u

lt
ic

e
n

te
r, 

6
 s

ite
s.

23
0

F
e

b
ru

ar
y 

20
23

N
C

T0
45

77
32

6
M

S
L

N
 t

ar
g

e
te

d
 C

A
R

-T
 c

e
ll

s.
P

h
as

e
 1

S
in

g
le

 g
ro

u
p

 
as

si
g

n
m

e
n

t,
 d

o
se

 
e

sc
al

at
io

n
 t

ri
al

.

S
in

g
le

 c
e

n
te

r
30

S
e

p
te

m
b

e
r 

20
23

N
C

T0
30

5
42

9
8

L
e

n
ti

vi
ra

l t
ra

n
sd

u
ce

d
 h

u
C

A
R

T-
m

e
so

 
ce

ll
s.

P
h

as
e

 1
N

o
n

-r
an

d
o

m
iz

e
d

, 
p

ar
al

le
l a

ss
ig

n
m

e
n

t,
 

o
p

e
n

 la
b

e
l.

S
in

g
le

 c
e

n
te

r
27

M
ar

ch
 2

0
25

N
C

T0
39

0
78

52
T

C
-2

10
 (G

av
o

ca
b

ta
g

e
n

e
 a

u
to

le
u

ce
l, 

au
to

lo
g

o
u

s 
g

e
n

e
ti

ca
lly

 e
n

g
in

e
e

re
d

 T
 

ce
ll

s 
w

it
h

 s
in

g
le

-d
o

m
ai

n
 a

n
ti

b
o

d
y 

fu
se

d
 

to
 t

h
e

 C
D

3ε
 s

u
b

u
n

it 
ag

ai
n

st
 M

S
L

N
).

P
h

as
e

 1
/2

N
o

n
-r

an
d

o
m

iz
e

d
, 

si
n

g
le

 g
ro

u
p

 
as

si
g

n
m

e
n

t,
 o

p
e

n
 

la
b

e
l.

M
u

lt
ic

e
n

te
r, 

7 
si

te
s.

70
Ja

n
u

ar
y 

20
23

N
C

T0
39

35
8

9
3

A
d

o
p

ti
ve

 t
ra

n
sf

e
r 

o
f 

T
IL

.
P

h
as

e
 2

S
in

g
le

 g
ro

u
p

 
as

si
g

n
m

e
n

t,
 o

p
e

n
 

la
b

e
l.

S
in

g
le

 c
e

n
te

r
10

Ju
n

e
 2

0
30

V
a

cc
in

e
 t

ri
a

ls

N
C

T0
45

25
8

59
p

o
ly

-I
C

LC
 (H

ilt
o

n
o

l®
).

P
h

as
e

 1
N

o
n

-r
an

d
o

m
iz

e
d

, 
p

ar
al

le
l a

ss
ig

n
m

e
n

t,
 

o
p

e
n

 la
b

e
l.

S
in

g
le

 c
e

n
te

r
19

A
u

g
u

st
 2

0
24

N
C

T0
15

0
31

77
M

V
-N

IS
 (m

o
d

ifi
e

d
 v

ac
ci

n
e

 s
tr

ai
n

 
m

e
as

le
s 

vi
ru

s 
g

e
n

e
ti

ca
lly

 e
n

g
in

e
e

re
d

 t
o

 
p

ro
d

u
ce

 h
u

m
an

 t
h

yr
o

id
al

 s
o

d
iu

m
 io

d
in

e
 

sy
m

p
o

rt
e

r)
.

P
h

as
e

 1
S

in
g

le
 g

ro
u

p
 

as
si

g
n

m
e

n
t,

 o
p

e
n

 
la

b
e

l.

S
in

g
le

 c
e

n
te

r
15

A
p

ri
l 2

0
19

N
C

T0
37

10
8

76
In

tr
ap

le
u

ra
l a

d
m

in
is

tr
at

io
n

 o
f 

rA
d

-I
F

N
 

in
 c

o
m

b
in

at
io

n
 w

it
h

 c
e

le
co

xi
b

 a
n

d
 

g
e

m
ci

ta
b

in
e

.

P
h

as
e

 3
R

an
d

o
m

iz
e

d
, p

ar
al

le
l 

as
si

g
n

m
e

n
t,

 o
p

e
n

 
la

b
e

l.

M
u

lt
ic

e
n

te
r, 

42
 

p
ar

ti
ci

p
at

in
g

 s
ite

s.
53

N
o

ve
m

b
e

r 
20

24

A
b

b
re

vi
at

io
n

s:
 C

A
R

-T
 –

 c
h

im
e

ri
c 

an
ti

g
e

n
 r

e
ce

p
to

r 
T-

ce
ll

, C
T

L
A

-4
 –

 c
y

to
to

xi
c 

T-
ly

m
p

h
o

cy
te

 a
ss

o
ci

at
e

d
 p

ro
te

in
 4

, h
u

C
A

R
T

 –
 h

u
m

an
 c

h
im

e
ri

c 
an

ti
g

e
n

 r
e

ce
p

to
r 

m
o

d
ifi

e
d

 
T-

ce
ll

s,
 IC

I –
 im

m
u

n
e

 c
h

e
ck

p
o

in
t i

n
h

ib
ito

r, 
IL

 –
 in

te
rl

e
u

ki
n

, I
LT

 –
 Ig

-l
ik

e
 t

ra
n

sc
ri

p
t,

 L
A

G
-3

 –
 ly

m
p

h
o

cy
te

 a
ct

iv
at

io
n

 g
e

n
e

 3
, M

P
M

 –
 m

al
ig

n
an

t p
le

u
ra

l m
e

so
th

e
lio

m
a,

 M
S

LN
 –

 
m

e
so

th
e

lin
, P

D
-1

 –
 p

ro
g

ra
m

m
e

d
 c

e
ll 

d
e

at
h

 p
ro

te
in

 1
, P

D
-L

1 
– 

p
ro

g
ra

m
m

e
d

 d
e

at
h

-l
ig

an
d

 1
, r

A
d

-I
FN

 -
 a

d
e

n
o

vi
ru

s-
d

e
liv

e
re

d
 In

te
rf

e
ro

n
 A

lp
h

a-
2b

, S
B

R
T

 –
 s

te
re

o
ta

ct
ic

 b
o

d
y 

ra
d

ia
ti

o
n

 t
h

e
ra

p
y,

 T
IL

 –
 t

u
m

o
r 

in
fil

tr
at

in
g

 ly
m

p
h

o
cy

te
s,

 V
EG

F 
– 

va
sc

u
la

r 
e

n
d

o
th

e
lia

l g
ro

w
th

 f
ac

to
r, 

V
EG

FR
 –

 v
as

cu
la

r 
e

n
d

o
th

e
lia

l g
ro

w
th

 f
ac

to
r 

re
ce

p
to

r.

3

166414_Cantini_BNW-def.indd   99166414_Cantini_BNW-def.indd   99 3-5-2023   20:18:303-5-2023   20:18:30



100

Chapter 3

New avenues: vaccines and cellular immunotherapies

Therapeutic cancer vaccines utilize TAAs as targets for T-cell activation to overcome 
the immune suppressant TIME through diverse platforms and with multiple potential 
targets, some potentially useful in MPM. This may complement not only traditional 
chemotherapy but also ICIs (Table 2) [88, 89].

Dendritic cell therapy

One platform utilizes autologous DCs, by exposing them to tumor lysates and 
generating a cytotoxic T-cell response to the target cancer using these antigen 
presenting cells (APCs). In 2010, Hegmans and colleagues published the first DC 
therapy use in humans for MPM. Participants received three immunizations with 
mature DCs that were previously exposed to autologous tumor lysate. Three out 
of the ten participants showed a partial response to immunotherapy while one had 
disease stabilization. Overall, therapy was well tolerated [54]. Since ICIs lead to a 
clinical response in a small proportion of patient partly due to a low tumor-infiltrating 
CD8+ T-cell population, a population that can be induced by DCs sensitized to TAAs, 
DC immunotherapy is a promising companion/alternative to ICIs for MPM [4, 90, 91]. 
The subsequent study was published in 2015, this time combining DC immunotherapy 
with cyclophosphamide to reduce tumor induced immune suppression: out of ten 
participants, 8 had disease control and 7 out of 10 had survived for at least two 
years [92]. In 2018, unlike the prior two studies, DCs sensitized with allogeneic tumor 
lysate were used in 9 MPM patients, resulting in a median PFS of 8.8 months with 
OS approaching 2 years [55]. If these results are supported in the ongoing DENIM 
(ClinicalTrial.gov identifier: NCT03610360) trial, it would make DC therapy more 
accessible, as it would likely eliminate the need to obtain an autologous tumor lysate 
to generate APC useful for a cytotoxic response. The DENIM trial is a multicenter 
phase II/III study that will compare allogenic tumor lysate sensitized DCs as 
maintenance treatment after first-line chemotherapy versus chemotherapy alone, 
at the same time analyzing safety and tolerability [93].

Adoptive T cell transfer

Using CAR T-cells may be also a therapeutic option for MPM and other malignancies. 
These T cells, following introduction of CARs, bind specific TAAs tailored to a specific 
malignancy. Combining this therapy with ICI may circumvent the issue of T-cell 
exhaustion limiting efficacy of CAR T-cells in solid malignancies like MPM [94]. While 
several CAR T-cell targets have been proposed (e.g., ErbB2, 5T4, CSPG4) [56, 95-101], 
the majority of clinical trials have focused on targeting mesothelin. Adusumilli and 
colleagues administered intrapleural mesothelin-targeted CAR T-cells in addition to 
the anti-PD1 agent pembrolizumab to 18 patients with MPM; this resulted in a median 
OS of 23.9 months, with 8 participants achieving disease stability for over 6 months 
and 2 participants a complete response on positron emission tomography (PET) 
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imaging [102]. A phase I trial, currently recruiting participants, aims to assess the safety 
of genetically engineered autologous T-cells targeting mesothelin that also have a 
cell-intrinsic anti-PD1 component (ClinicalTrial.gov identifier: NCT04577326). A different 
phase I trial is exploring the safety of both local and intravenous administration of 
lentiviral transduced huCART-meso cells (human CAR T-cells targeting mesothelin) 
for MPM and other mesothelin expressing malignancies like lung adenocarcinoma, 
sierous epithelial ovarian cancer, among others; recruitment is ongoing (ClinicalTrial.
gov identifier: NCT03054298). In addition to mesothelin, fibroblast activation protein 
(FAP) as a target for this therapeutic modality is also promising, with locally delivered 
anti-FAP CAR T-cells being well tolerated after first line chemotherapy and with ICI 
blockade in a small safety study [103].

Other approaches

In addition to ICI combinations and the previously described cell-based therapy, 
other therapeutic approaches, e.g., vaccine-based therapies to enhance the cellular 
immune response to MPM are being evaluated. Locally delivered (intrapleural) viral 
based therapy is proving to be a safe therapeutic option. HSV1716 is an oncolytic 
herpes simplex virus that in a phase I/IIa trial was associated with disease stability 
in half of the MPM patients 8 weeks after therapy meeting the primary objective of 
safety with only mild AEs reported (mainly fatigue and fever) [104]. A phase I trial 
assessing dosing and safety of a oncolytic measles virus MV-NIS was recently 
completed (ClinicalTrial.gov identifier: NCT01503177) and published data reports an 
adequate safety profile and disease stability in 67% of the 12 participants [105]. The 
effect on OS in patients with MPM after local administration of adenovirus-delivered 
IFN-α-2b with celecoxib and chemotherapy is being evaluated in the INFINITE trial, 
a phase 3 randomized clinical trial (ClinicalTrial.gov identifier: NCT03710876), building 
on prior pilot studies showing an excellent safety profile and anti-tumoral effect [106, 
107]. Poly-ICLC (Hiltonol®) is a syntetic dsRNA viral mimic that increases antitumoral 
cellular response by inducing IFNγ production leading to cytotoxic cytokine release 
by CD8+ T-cells and circumventing resistance ICIs as IFNγ also induces expression 
of PD-1 and PD-L1 on T cells and cancer cells. [108, 109]. The study of poly-ICLC use 
in MPM is currently ongoing (ClinicalTrial.gov identifier: NCT04525859).

Wilms tumor-1 (WT1) protein is overexpressed in MPM, unlike in normal tissues. 
Synthetic immunogenic peptides eliciting a heteroclitic response (i.e. variable 
antibody binding) have been developed and are undergoing study as therapeutic 
options for cancer. Galinpepimut-S is one of those peptides and it is made out of 
molecules similar to those in the WT1 protein. When used in MPM, it showed a median 
PFS of 10.1 months (95% CI, 5.5–20.8 months) and median OS of 22.8 months (95% 
CI, 9.1–37.6 months) [110]. Currently, this vaccine is being studied in combination with 
nivolumab (ClinicalTrial.gov identifier: NCT04040231).

3
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Isolating autologous tumor-infiltrating lymphocytes (TILs), expanding them ex-vivo, 
and later infusing them back to the patient following lympho-depleting chemotherapy 
is another way to boost the immune response by avoiding CD8+ T-cell exhaustion [111]. 
With evidence primarily for melanoma, autologous TIL may play a role in patients that 
fail ICI therapy [112], and a phase II study of adoptive cell transfer (ACT), is recruiting 
participants to evaluate its use in solid tumors, including MPM (ClinicalTrial.gov 
identifier: NCT03935893).

Conclusion

After two decades of disappointing results, a new era in the treatment of 
mesothelioma has just started in which clinical scientists will be finally able to talk 
about treatment sequences with their patients. The potential to combine ICIs with 
other immunotherapies, as well as targeted agents and old-school chemotherapy 
needs to be fully unleashed and expectations are now high that this will lead to 
a plethora of new treatment options and eventually to cure some mesothelioma 
patients. In order to achieve that, it is critical to couple clinical research with 
translational investigations and to strengthen multi-institutional collaboration in 
the conduction of well-designed, biomarker-driven clinical trials, finally tackling 
disparities and delays that are usually encountered in cancer of rare incidence. The 
adoption of more holistic approach, which looks at different facets of MPM patients 
and takes into account spatial and temporal heterogeneity of this disease, is the final 
needed step to move further the clinical development of immunotherapy in MPM.
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Abstract

Background: Real-life spectrum and survival implications of immune-related 
adverse events (irAEs) in patients treated with extended interval dosing (ED) immune 
checkpoint inhibitors (ICIs) are unknown.

Methods: Characteristics of 812 consecutive solid cancer patients who received at 
least one cycle of ED monotherapy (pembrolizumab 400 mg Q6W or nivolumab 480 
mg Q4W) after switching from canonical interval dosing (CD, pembrolizumab 200 mg 
Q3W or nivolumab 240 mg Q2W) or upfront were retrieved. Primary objective was to 

compare irAEs patterns within the same population (before and after switch to ED). 
irAEs spectrum in patients treated upfront with ED and association between irAEs and 
overall survival (OS) were also described.

Results: 550 (68%) patients started ICIs with CD and switched to ED. During CD, 225 
pts (41%) developed any grade and 17 (3%) G3/G4 irAEs; after switching to ED, any 
grade and G3/G4 irAEs were experienced by 155 (36%) and 20 (5%) patients. Switching 
to ED was associated with a lower probability of any grade irAEs (adjusted odds ratio 
[aOR]: 0.83; 95% CI: 0.64-0.99; p=.047), while no difference for G3/G4 events was noted 
(aOR: 1.55; 95% CI: 0.81-2.94; p=.18). Among patients who started upfront with ED (n=232, 
32%), 107 (41%) developed any grade and 14 (5%) G3/G4 irAEs during ED. Patients with 
irAEs during ED had improved OS (aHR: 0.53; 95% CI 0.34-0.82; p=.004 after switching; 
aHR: 0.57; 95% CI 0.35-0.93; p=.025 upfront).

Conclusions: Switching ICI treatment from CD and ED did not increase the incidence 
of irAEs and represents a safe option also outside clinical trials.
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Background

Immune checkpoint inhibitors (ICIs) have deeply changed clinical practice in the field 
of medical oncology. Despite their first introduction as traditional body weight-based 
dosing regimens, simulation pharmacokinetics studies demonstrated that weight 
provides only a marginal contribution to ICIs physiological distribution, therefore ICI 
flat doses became the standard (1–3).

Recently, long life expectancy of patients treated with ICIs, high healthcare costs, 
and the need to reduce avoidable hospital admissions during COVID-19 crises, led 
to an increasing interest in alternative longer dosing schedules. According to clinical 
trials data, adoption of extended interval dosing (ED) ICIs, pembrolizumab 400 mg 
Q6W and nivolumab 480 mg Q4W, offers similar outcomes and safety compared 
with canonical interval dosing (CD) schedules (200 mg Q3W and 240 mg Q2W, 
respectively) (4–7). This makes the pair with economic and logistic advantages 
provided by ED ICIs which seem to be unquestionable. Although in the real-life setting 
an increasingly wide percentage of patients have been shifted to (or treated upfront 
with) ED ICIs, incidence, clinical patterns, and survival implications for patients who 
develop immune-related adverse events (irAEs) during ED ICIs, is unknown. In a recent 
study involving 45 patients with advanced non-small cell lung cancer (NSCLC), the 
switching of pembrolizumab from CD to ED resulted in the manifestation of different 
and worsening irAEs (8). In this multicenter cohort study, we aim to provide further 
insights on this topic by (1) investigating the safety of switching the ICI interval dosing 
from CD to ED across multiple cancer types and different indications (2) characterizing 
the spectrum of irAEs in cancer patients treated upfront with ED ICIs and (3) describing 
the association between irAEs and overall survival (OS) in ED treated patients.

4
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Patients and methods

Study design and population

To investigate the primary objective of our study, which was to characterize incidence 
and spectrum of irAEs in patients switched to ED ICIs and compare them with those 
before switching (during CD ICI treatment), we designed the multicentre EDICI 
(“Extended interval Dosing in patients receiving Immune Checkpoint Inhibitors”) 
study. Patients with a diagnosis of malignancy undergoing treatment with ICIs as 
monotherapy (namely pembrolizumab and nivolumab) for an approved oncological 
indication between April 2015 and December 2021 were retrospectively identified 
from electronic medical records at 30 European Oncological Departments 
(Supplementary Table 1) and entered into a prospectively maintained database. 
Patients were included if they were ≥ 18 years of age, if they were switched from the 
CD (pembrolizumab 2 mg/Kg or 200 mg Q3W and nivolumab 3 mg/Kg or 240 mg 
Q2W) to the ED (pembrolizumab 400 mg Q6W and nivolumab 480 mg Q4W) of the 
same ICI (first switch reported in May 2018), or if they had started upfront with ED (first 
upfront ED treatment reported in May 2018). This allowed us to compare irAEs patterns 
within the same population (before and after switch to ED) but also to describe the 
irAEs spectrum in cancer patients treated upfront with ED ICIs.

irAEs were evaluated according to Common Terminology Criteria for Adverse Events 
(version 5) and further defined according to the organ or system involved as follows 
based on previous retrospective studies (9,10) and Society for Immunotherapy of 
Cancer (SITC) guidelines (11): thyroiditis, diarrhea/colitis, endocrine (excluding 
thyroid disorders), hepatitis, neurologic, arthralgia, asthenia (or fatigue), dermatitis, 
pneumonitis, others (cardiac, pyrexia, anorexia, renal, hematologic, rheumatic other 
than arthralgia/arthritis, pulmonary other than pneumonitis, gastrointestinal other 
than diarrhea/colitis). Investigators assigned the respective irAE to the patient after 
excluding other alternative diagnosis, based on multidisciplinary evaluation, clinical 
benefit after ICI discontinuation and/or immunosuppressive treatment, or pathologic 
evidence of irAE. Multi-system irAEs were defined as irAEs involving more than one 
organ system. irAEs data were collected until death or date of last contact if patients 
were still alive or lost at follow-up. The data cutoff period was March 2022.

The following clinicopathological and treatment characteristics were also collected 
at start of upfront CD/ED: age, gender, weight, height, smoking status, past medical 
and family history, Eastern Cooperative Oncology Group Performance Score (ECOG 
PS), concomitant medications, tumor type/histology, driver mutations, treatment 
setting, number and site of metastasis, previous local and systemic treatments.

To switch from CD to ED, a patient must have survived until that point, and no events 
(“deaths”) can be expected before. Therefore, OS was calculated as time from ED 
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ICI start (after switching for patients who received upfront CD) until death from any 
cause; patients still alive at the time of data cut-off (March 2022) were censored at 
the date of last contact. Ethical approval to conduct this study was obtained by the 
respective local ethical committees on human experimentation of each participating 
center, after previous approval by the coordinating center (‘Comitato Etico Regionale 
delle Marche - C.E.R.M.’, Reference Number 2021 389). All study related procedures 
and data collection were conducted in accordance with the Declaration of Helsinki 
and in accordance with Good Clinical Practice.

Statistical analysis

Clinicopathological characteristics were presented using count and percentage for 
categorical variables, median, and range for continuous variables. McNemar test 
was used to compare irAEs onset before and after switch to ED. In order to adjust 
for exposure time (represented by number of cycles) that may affect the chance 
of irAEs onset, nested logistic regressions with intraclass correlation correction 
between different ICI interval dosing on the same patient was used. More precisely, 
since different treatment schedules of the same patients become part of the model, 
a nested model has been implemented to avoid the risks associated with non-
independence. In other words, this approach avoids the bias in direct comparisons of 
coefficients across models related to the scale changes that accompany changes in 
the set of explanatory variables. A sensitivity analysis was also performed stratifying 
patients by tumor type.

OS curves were plotted using the Kaplan-Meier method and differences in probability 
of surviving between the strata were evaluated by log-rank (Mantel-Cox) test. As the 
incidence of irAEs is “time-dependent” (12,13), those patients interrupting ICI treatment 
quickly were exposed to the potential “triggering effect” for a shorter time, and had 
a lower risk of experiencing irAEs. For minimizing the immortal time bias a landmark 
method was then used, and all patients who died before 3 months were excluded 
from the OS analysis. The cut-off point of 3 months was chosen to evaluate the impact 
of both early and late onset irAEs, as median time to onset of irAEs usually ranges 
between 2 and 16 weeks from ICIs start. Among patients who switched to ED, 39 were 
excluded from the 12-week landmark analysis because of death before the 3-month 
cut-off; 39 patients among those who started upfront with ED were also excluded 
from the 12-week landmark analysis. To evaluate the association of irAEs onset with 
OS independent of other clinicopathological factors, a multivariable proportional 
hazard regression model was built.

Data for this study were collected in a REDCap® (Research Electronic Data Capture) 
database, and analyses were conducted using R (version 4.0.3; R Foundation). All P 
values are two-sided and confidence intervals (Cis) are at the 95% level, with statistical 
significance defined as P ≤ .05.

4
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Results

Patient characteristics

A total of 835 patients were enrolled in the EDICI study. Among these, 812 were 
included in the final safety analysis (Figure 1). ICI treatment was represented by 
nivolumab in 540 (66.5%) cases and pembrolizumab in 272 (33.5%). The most common 
tumor types were melanoma (n=456, 56.2%) and NSCLC (n=204, 25.1%), with 663 (81.6%) 
patients being treated in the advanced/metastatic setting.

Among the enrolled patients, 550 (67.7%) started ICIs with CD and subsequentially 
switched to ED. The exposure time was similar, with a median number of 13 CD cycles 
and 7 ED cycles (1 cycle of ED corresponding to 2 cycles of CD in terms of exposure 
time). Main reason for switching to ED was physicians’ choice (n=465, 84.6%), while 
73 patients (13.2%) requested to switch. The remaining patients (n=262, 32.3%) started 
upfront with ED and were exposed to the drug for a median of 7 cycles.

At a median follow up of 24.8 (95% CI: 23.0-26.4) months, median OS was 67.2 (95% 
CI: 56.2-not reached [NR]) months in the whole cohort. Among all 812 patients, 368 
(45.3%) experienced 1 or more irAEs regardless of the treatment schedule, including 
52 (6.4%) G3 to G4 irAEs.

The clinical baseline characteristics of the whole cohort, stratified by tumor type, 
treatment initiation (upfront CD vs upfront ED), and irAEs onset are outlined in Table 

1, Supplementary Table 2 and 3.

166414_Cantini_BNW-def.indd   120166414_Cantini_BNW-def.indd   120 3-5-2023   20:18:313-5-2023   20:18:31



121

Safety of Extended interval Dosing Immune Checkpoint Inhibitors

F
ig

u
re

 1
. S

T
R

O
B

E
 d

ia
g

ra
m

 o
f 

th
e

 E
D

IC
I s

tu
d

y.
 IC

Is
, i

m
m

u
n

e
 c

h
e

ck
p

o
in

t 
in

h
ib

ito
rs

.

4

166414_Cantini_BNW-def.indd   121166414_Cantini_BNW-def.indd   121 3-5-2023   20:18:313-5-2023   20:18:31



122

Chapter 4

Table 1. Baseline clinical characteristics by tumor type.

Characteristic NSCLC (%) Melanoma (%) Renal (%) Other (%)

No. (n = 812) 204 (25.1) 456 (56.2) 141 (17.4) 11 (1.3)

Age, median (range), y 68 (43-85) 67 (26-94) 67 (43-86) 68 (61-81)

Gender

 Female 73 (35.8) 184 (40.4) 31 (22) 1 (9.1)

 Male 131 (64.2) 272 (59.6) 110 (78) 10 (90.9)

ECOG-PS

 0-1 181 (88.7) 439 (96.3) 134 (95) 11 (100)

 ≥ 2 22 (10.8) 16 (3.5) 7 (5) 0

 Unknown 1 (0.5) 1 (0.2) 0 0

Smoking status

 Current 61 (29.9) 59 (12.9) 15 (10.6) 3 (27.3)

 Former 128 (62.7) 119 (26.1) 72 (51.1) 6 (54.5)

 Never 15 (7.4) 278 (61) 54 (38.3) 2 (18.2)

Treatment setting

 First line 138 (67.6) 232 (50.9) 8 (5.7) 2 (18.2)

 ≥ 2nd line 66 (32.4) 75 (16.4) 133 (94.3) 9 (81.8)

 Adjuvant 0 149 (32.7) 0 0

Number of metastatic sitesa

 < 2 61 (29.9) 86 (28) 23 (16.3) 1 (9.1)

 ≥ 2 119 (58.3) 180 (58.6) 111 (78.7) 9 (81.8)

 Unknown 24 (11.8) 41 (13.4) 7 (5) 1 (9.1)

Surgeryb

 Yes 34 (16.7) 393 (86.2) 121 (85.8) 7 (63.6)

 No 170 (83.3) 63 (13.8) 20 (14.2) 4 (36.4)

Concomitant radiotherapyc

 Yes 37 (18.1) 85 (18.6) 33 (23.4) 1 (9.1)

 No 166 (81.4) 370 (81.1) 107 (75.9) 10 (90.9)

 Unknown 1 (0.5) 1 (0.3) 1 (0.7) 0

Type of ICI

 Pembrolizumab 169 (82.8) 87 (19.1) 5 (3.5) 11 (100)

 Upfront CD 138 (67.6) 62 (13.6) 3 (2.1) 8 (72.7)

 Upfront ED 31 (15.2) 25 (5.5) 2 (1.4) 3 (27.3)

 Nivolumab 35 (17.2) 369 (80.9) 136 (96.5) 0

 Upfront CD 34 (16.7) 208 (45.6) 97 (68.8) 0

 Upfront ED 1 (0.5) 161 (35.3) 39 (27.7) 0

irAEs onset

 Yes 95 (46.6) 252 (55.3) 60 (42.6) 4 (36.4)

 No 109 (53.4) 204 (44.7) 81 (57.4) 7 (63.6)
aPercentage calculated on the number of patients with metastatic cancer. bSurgery refers to resection of primitive 
tumor or metastatic site or both. cRadiotherapy concomitant to ICIs refers to primitive tumor or metastatic site 
or both.
CD, canonical interval dosing; ECOG-PS, Eastern Operative Oncology Group-Performance status; ED, extended 
interval dosing; ICI, immune checkpoint inhibitor; irAEs, immune related adverse events, NSCLC, non-small cell 
lung cancer.
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Spectrum and comparison of irAEs in patients who switched from CD to ED

Among patients who started with CD ICI and subsequentially switched to ED 
(n=550), 225 pts (40.9%) developed irAEs of any grade and 17 patients (3.1%) had G3/
G4 events during CD; once they switched to ED-ICI, irAEs of any grade and G3/G4 
events were experienced by 179 (37.1%) and 23 (4.8%) patients, respectively (p=.09 
for any grade irAEs and p=.11 for G3/G4 irAEs). After adjusting for exposure time in a 
multivariable nested logistic regression model, ED treatment was associated with a 
lower probability of irAEs of any grade (adjusted odds ratio [aOR]: 0.83; 95% CI: 0.64-
0.99; p=.047), while no difference in the likelihood of experiencing G3/G4 events was 
noted (aOR: 1.55; 95% CI: 0.81-2.94; p=.18). Sensitivity analysis stratified by tumor type 
showed that melanoma patients had lower risk of any grade irAEs after switching to 
ED (aOR: 0.59; 95% CI: 0.41-0.85; p=.005) and similar risk of G3/G4 irAEs (aOR: 1.06; 95% 
CI: 0.43-2.60; p=.89). No difference between CD and ED was noted in NSCLC patients, 
either in terms of any grade (aOR; 1.31; 95% CI: 0.80-2.12; p=.27) or G3/G4 irAEs (aOR: 
2.97; 95% CI: 0.73-11.98; p=.12).

Noteworthy, 78 out of 179 (44.6%) cases of any grade irAEs and 12 (52.2%) of G3/
G4 irAEs during ED represented de novo toxicity, meaning that patients had not 
experienced any irAEs during CD. In a subgroup of patients, any grade (n=77 out of 
179, 43%) or G3/G4 (n=7 out of 23, 30.4%) irAEs arised after only one ED administration. 
Thirty-four (6.2%) patients switched back to CD, and main reason for returning to CD 
was toxicity (n=15, 44.1%).

The most common irAEs (any grade) in patients during CD ICI were dermatitis (n=77, 
14%), thyroiditis (n=69, 12.6%), and asthenia (n=57, 10.4%) (Figure 2 and Supplementary 

Table 4 for stratification by tumor type); the spectrum of irAEs did not change 
after switching to ED, either at time of first switching (after first ED administration, 
Supplementary Table 5 for stratification by tumor type) or long-term, with dermatitis 
(n=62, 12.8%, p=.24), asthenia (n=53, 10.9%, p=.71) and diarrhea/colitis (n=46, 9.5%, p=.77) 
being the most common irAEs (any grade) (Figure 2 and Supplementary Table 6 

for stratification by tumor type); also looking at more worrisome toxicities such as 
pneumonitis (p=.45) and hepatitis (p=.12), no statistically significant differences were 
noted after switching; 104 (18.9%) patients developed multisystem irAEs during CD, 
and 79 (16.4%) after switching to ED (p=.21), with the difference being statistically 
significant after adjusting for the number of cycles administered (ED vs CD, aOR: 0.80; 
95% CI: 0.58-0.99; p=.049).

4
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Figure 2. Spectrum of irAEs for cancer patients before (during upfront CD) and after switch to ED, 
overall and per organ/system involved. irAEs, Immune-related adverse events; CD, canonical 
interval dosing; ED, extended interval dosing.

Spectrum of irAEs in patients who started upfront with ED

Among patients who started upfront with ED (262), 107 of them (40.8%) developed 
irAEs of any grade and 14 (5.3%) G3/G4 irAEs during ED. Only 18 (6.8%) switched to 
CD, mainly due to toxicity (7 [38.8%]).

Patients who started upfront with ED experienced dermatitis (32 [12.2%]), diarrhea/
colitis (32 [12.2%]) and thyroiditis (26 [9.9%]) as most common irAEs (any grade) 
(Supplementary Table 7 for stratification by tumor type). Any-grade pneumonitis 
and hepatitis were observed in 16 (6.1%) and 12 (4.6%) cases during upfront ED, while 
multisystem irAEs were registered in 30 cases (11.4%).

Association between irAEs onset and survival

Patients who developed irAEs during ED also had longer OS compared to the no 
irAEs group. Among patients who switched to ED and were included in the landmark 
analysis (n=444), median OS was NR (95% CI: NR-NR) in the irAEs group versus 40.4 
months (95% CI: 26.4-NR) in the no irAEs group (p=.005). Among patients who started 
upfront with ED and were included in the landmark analysis (n=223), median OS was 
34.2 months (95% CI: 19.1-NR) in the irAEs group versus 23.4 months (95% CI: 17.4-27.1) 
in the no irAEs group (p=.01) (Figure 3). This association between irAEs onset and OS 
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was confirmed in a multivariable model which included tumor type, treatment setting 
and ECOG PS as other variables (adjusted hazard ratios [aHR]: 0.53; 95% CI: 0.34-0.82; 
p=.004 and aHR: 0.57; 95% CI; 0.35-0.93; p=.02, respectively, Table 2 and Table 3).

Figure 3. Overall survival stratified by irAEs onset in patients who switched from CD to ED 
(A) and in patients treated upfront with ED ICIs (B). Overall survival in Figure 3 was calculated 
since start of ED treatment. Landmark method was used to correct for immortal time bias (all 
patients who died before 3 months were excluded from the analysis). CD, canonical interval 
dosing; ED, extended interval dosing; ICI, Immune checkpoint inhibitors; irAEs, Immune-related 
adverse events.

4
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Table 2. Multivariable Cox regression model of overall survival in patients who switched from 
CD to ED ICIs.

Characteristic Hazard ratio (95% CI) p value

irAEs onset

No Ref

Yes 0.52 (0.33 - 0.81) .004

Tumor type

NSCLC Ref

Melanoma 1.24 (0.71 - 2.18) .43

Renal 0.99 (0.55 - 1.77) .97

Other 1.49 (0.34 - 6.45) .58

Treatment setting

Adjuvant Ref

Advanced/metastatic 1.03 (0.50 - 2.11) .92

ECOG PS

0 Ref

≥1 3.29 (2.14 - 5.06) <.001

Overall survival was calculated since start of ED treatment. Landmark method was used to correct for immortal 
time bias (all patients who died before 3 months were excluded from the analysis).
CD, canonical interval dosing; ED, extended interval dosing; ICIs, immune checkpoint inhibitors; irAEs, immune-
related adverse events; NSCLC, non-small cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group 
Performance Score.

Table 3. Multivariable Cox regression model of overall survival in patients treated upfront with 
ED ICIs.

Characteristic Hazard ratio (95% CI) p value

irAEs onset

No Ref

Yes 0.57 (0.35 – 0.93) .02

Tumor type

NSCLC Ref

Melanoma 1.16 (0.58 – 2.33) .66

Renal 0.51 (0.22 – 1.14) .10

Treatment setting

Adjuvant Ref

Advanced/metastatic 7.66 (1.84 – 31.89) .005

ECOG PS

0 Ref

≥1 1.74 (1.08 – 2.79) .02

Landmark method was used to correct for immortal time bias (all patients who died before 3 months were 
excluded from the analysis).
ED, extended interval dosing; ICIs, immune checkpoint inhibitors; irAEs, immune-related adverse events; NSCLC, 
non-small cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Score. 
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Discussion

The findings of this international multicenter pan-cancer cohort study suggest that 
switching from CD to ED during ICI treatment did not worsen the safety profile. After 
switching to ED, any grade and G3/G4 irAEs occurred in 37.1% and 4.8% of patients 
respectively, and only 6.2% of patients returned to CD it. Dermatitis, asthenia, and 
diarrhea/colitis were the most common irAEs after swiching to ED treatment. The 
progressive reduction of toxicities observed after switching to ED in our study, with 
a incidence even lower than that reported in clinical trials, somehow corroborates 
previous observations (particularly in the real-life context) indicating that prolonged 
ICI treatment does not lead to an increased cumulative incidence of irAEs (14–16).

Nevertheless, some irAEs cases after switch to ED represented de novo toxicity, 
revealing that the pathobiology of immune-related toxicity might differ between the 
two schedules; moreover, 43% of any grade and 30.4% of G3/G4 irAEs occurred after 
only one ED administration. This phenomenon was already observed in a recently 
published retrospective study limited to NSCLC patients (8); on one hand, this might 
reflect the increase in peak concentrations (Cmax) observed with ED compared to 
CD and the peak proliferative response of CD8+ T cells occurring in the first weeks 
after switching (4,17,18); on the other hand, it suggests that surveillance should be 
more intensive during the first ED cycles and that biomarkers of toxicity should be 
found to support the decision making (19).

To this extent, investigating how the two schedules differently affect the abundance 
of specific circulating immune cell types and/or T cell receptor (TCR) diversity might 
help predicting irAEs onset and improve clinical management (20).

The study also investigated a separate cohort of pan-cancer patients treated upfront 
with ED, showing a real-life incidence and a spectrum of irAEs in line with those 
observed in historical cohort of patients treated with CD and with those reported by 
clinical trials with ED ICIs (7,10,13,15). The lack of a control cohort treated with upfront 
CD with similar baseline characteristics and follow-up time prevented us from making 
comparisons to avoid selection bias; in fact, the cohort included in our study was 
skewed towards long survival and good tolerability as, to transition from CD to ED, 
a patient must have survived and tolerated CD ICI well enough. However, a recent 
study which shown no differences in time-to-treatment discontinuation (a measure 
of real-world effectiveness) between upfront CD and upfront ED, also tried to infer 
irAEs incidence using incident levothyroxine and prednisone prescription and found 
no discrepancies between the two groups (21).

Finally, this analysis revealed that irAEs onset during ED was associated with 
improved OS. While results in melanoma and NSCLC patients treated with CD ICIs are 

4

166414_Cantini_BNW-def.indd   127166414_Cantini_BNW-def.indd   127 3-5-2023   20:18:333-5-2023   20:18:33



128

Chapter 4

contradictory, due in part to methodological limits (10,13,22,23), our results suggest 
that irAEs might be considered a surrogate of clinical activity in the setting of ED ICIs. 
External validation among more homogeneous patient populations will be needed 
to confirm this observation.

Besides the retrospective nature which may have led to underreporting of irAEs (in 
particular grade 1 to 2), another limitation of this study is represented by missing data 
about treatment discontinuation. Nevertheless, taking into account the occurrence of 
de novo toxicity that may develop in a subset of patients, these findings demonstrate 
that switching ICI treatment from CD and ED did not increase the incidence of irAEs 
across different indications. Since the need of remodulating patients accesses to 
oncology departments is increasing, this treatment schedule represents an important 
alternative for treating physicians. Further prospective studies with proper comparison 
should look at the safety of this approach when used upfront, investigate ED efficacy 
data outside of clinical trials, and deepen the potential economic impact of this 
strategy.
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Supplementary Material

Supplementary Table 1. Contributing centers. 

Center Location No. patients 
enrolled

% Total cohort

Ospedali Riuniti di Ancona Ancona 63 7.6

Azienda Ospedaliera Santi Antonio e Biagio e Cesare 
Arrigo

Alessandria 10 1.2

Azienda Ospedaliera Universitaria Policlinico di Bari Bari 33 4

Policlinico Universitario Monserrato Casula Cagliari 14 1.7

Policlinico Campus Biomedico Roma 41 4.9

Azienda Ospedaliera Universitaria Careggi Firenze 50 6

Ospedale SS Annunziata Chieti 9 1.1

Centro di Riferimento Oncologico di Aviano Aviano 34 4.1

Geneva University Hospital Geneva 2 0.2

IRCCS Ospedale Policlinico San Martino Genova 149 17.9

INT IRCCS SS Oncologia Medica Toraco-Polmonare Milano 42 5

INT IRCCS SS Oncologia Medica GenitoUrinaria Milano 20 2.4

INT IRCCS Fondazione Pascale Napoli 30 3.6

INT IRCCS Istituto Regina Elena Roma 10 1.2

Ospedale San Salvatore L’Aquila 10 1.2

Ospedale S.M. Goretti Latina 12 1.4

Ospedale Generale Provinciale Macerata 7 0.8

Ospedale San Gerardo Monza 30 3.6

AOU Luigi Vanvitelli Napoli 3 0.4

Ospedale Michele e Pietro Ferrero ASL CN2 Verduno 2 0.2

Policlinico Fondazione IRCCS Ca’ Granda Milano 10 1.2

Ospedale Santa Maria delle Croci Ravenna 8 1

AOU Sant’Andrea Roma 26 3.1

Erasmus University Medical Center Rotterdam 78 9.4

Policlinico Le Scotte UOC Immunoterapia Oncologica Siena 22 2.6

Ospedale Santa Chiara Trento 22 2.6

Policlinico Umberto I Roma 15 1.8

Azienda Ospedaliera Universitaria di Verona Verona 16 1.9

Ospedale di Circolo Varese 66 7.9

4
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Supplementary Table 2. Baseline clinical characteristics by treatment starting (canonical vs 
extended). 

Characteristic Upfront CD (%) Upfront ED (%)

No. (n = 812) 550 (67.7) 262 (32.3)

Age, median (range), y 67 (26-93) 67 (28-94)

Gender

  Female 189 (34.4) 100 (38.2)

  Male 361 (65.6) 162 (61.8)

ECOG-PS

  0-1 524 (95.3) 241 (92)

  ≥ 2 24 (4.4) 21 (8)

  Unknown 2 (0.3) 0

Smoking status

  Current 98 (17.8) 40 (15.3)

  Former 241 (43.8) 84 (32)

  Never 211 (38.4) 138 (52.7)

Treatment setting

  First line 264 (48) 116 (44.3)

  ≥ 2nd line 198 (36) 85 (32.4)

  Adjuvant 88 (16) 61 (23.3)

Number of metastatic sitesa

  <2 129 (27.9) 42 (20.9)

  ≥ 2 287 (62.1) 132 (65.7)

  Unknown 46 (10) 27 (13.4)

Surgeryb

  Yes 357 (64.9) 198 (75.6)

  No 193 (35.1) 64 (24.4)

Concomitant radiotherapyc

  Yes 107 (19.5) 49 (18.7)

  No 440 (80) 213 (81.3)

  Unknown 3 (0.5) 0

Type of ICI

  Pembrolizumab 211 (38.4) 61 (23.3)

  Nivolumab 339 (61.6) 201 (76.7)

Tumor type

  NSCLC 172 (31.3) 32 (12.2)

  Melanoma 270 (49.1) 41 (15.6)

  Renal 100 (18.2) 186 (71.1)

  Other 8 (1.4) 3 (1.1)

irAEs onset

  Yes 303 (55.1) 108 (41.2)

  No 247 (44.9) 154 (58.8)

Treatment cycles, median (range), No.d 13 (1-121) 7 (1-44)

aPercentage calculated on the number of patients with metastatic cancer. bSurgery refers to resection of primitive 
tumor or metastatic site or both. cRadiotherapy concomitant to ICIs refers to primitive tumor or metastatic site 
or both. dUpfront CD treatment is Q3W (pembrolizumab) or Q2W (nivolumab), upfront ED treatment is Q6W 
(pembrolizumab) or Q4W (nivolumab).
CD, canonical interval dosing; ECOG-PS, Eastern Operative Oncology Group-Performance status; ED, extended 
interval dosing; ICI, immune checkpoint inhibitor; irAEs, immune related adverse events, NSCLC, non-small cell 
lung cancer. 
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Supplementary Table 3. Baseline clinical characteristics by irAEs onset. 

Characteristics irAEs (%) No irAEs (%)

No. (n = 812) 411 (50.6) 401 (49.4)

Age, median (range), y 67 (33-90) 67 (26-94)

Gender

  Female 149 (36.3) 140 (34.9)

  Male 262 (63.7) 261 (65.1)

ECOG-PS

  0-1 393 (95.6) 372 (93)

  ≥ 2 17 (4.1) 23 (6)

Smoking Status

  Current 82(20) 56 (14)

  Former 152 (37) 173 (43.1)

  Never 177 (43) 172 (42.9)

Treatment setting

  First line 208 (50.6) 172 (42.9)

  ≥ 2nd line 124 (30.2) 159 (39.7)

  Adjuvant 79 (19.2) 70 (17.4)

Number of metastatic sitesa

  < 2 86 (26) 85 (25.7)

  ≥ 2 209 (63) 210 (63.4)

  Unknown 37 (11) 36 (10.9)

Surgeryb

  Yes 288 (70.1) 267 (66.6)

  No 123 (29.9) 134 (33.4)

Concomitant radiotherapyc

  Yes 79 (19.2) 77 (19)

  No 329 (80) 324 (81)

  Unknown 3 (0.8) 0

Type of ICI

  Pembrolizumab 128 (31.1) 144 (35.9)

    CD 115 (28) 96 (23.9)

    ED 13 (3.1) 48 (12)

  Nivolumab 283 (68.9) 257 (64.1)

    CD 188 (45.8) 151 (37.7)

    ED 95 (23.1) 106 (26.4)
aPercentage calculated on the number of patients with metastatic cancer. bSurgery refers to resection of primitive 
tumor or metastatic site or both. cRadiotherapy concomitant to ICIs refers to primitive tumor or metastatic site 
or both.
CD, canonical interval dosing; ECOG-PS, Eastern Operative Oncology Group-Performance status; ED, extended 
interval dosing; ICI, immune checkpoint inhibitor; irAEs, immune related adverse events. 
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Abstract

Background: Randomized phase III trials are ongoing to investigate the efficacy of 
nivolumab in malignant pleural mesothelioma (MPM), but real-world data are still 
scarce. In this real-world study, we investigated the clinical outcomes of nivolumab 
treatment in pre-treated MPM patients.

Methods: Data from 107 nivolumab treated MPM patients within the Dutch expanded 
access program were retrospectively analyzed. Treatment was independent of 
programmed death ligand 1 (PD-L1) expression on tumor samples. Univariable and 
multivariable analyses were performed to evaluate the relationship between clinically 
important factors, baseline peripheral blood parameters and survival. The landmark 
method was used to compare the outcome of patients according to their radiological 
response.

Results: In the full cohort, the median progression-free survival (mPFS) was 2.3 
months (95% CI: 1.6-2.9) and the median overall survival (mOS) was 6.7 months (95% 
CI: 6.2-10.0). After 12 weeks, the disease control rate (DCR) was 37% and the objective 
response rate (ORR) was 10%. PD-L1 status was determined in 33 patients (30%) and 
PD-L1 positivity (≥1%) was associated with an improved ORR (36% vs 9%, p-value 
0.05), but not with PFS or OS. Low albumin was associated with worse OS (p-value 
0.002). Median OS was significantly longer for patients who had partial response to 
treatment (p-value 0.0002).

Conclusions: In this real-world analysis, ORR and mOS were lower compared to 
those obtained in phase II trials. However, exceptional survival rates were observed 
in patients who had a radiological response. Although we cannot determine whether 
prognostic or predictive, PD-L1 expression and albumin were associated with greater 
response rate and may represent useful biomarkers for nivolumab treatment in MPM.
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Introduction

Malignant pleural mesothelioma (MPM) is an uncommon but aggressive neoplasm 
with low survival rates (1,2). Current first-line treatment consists of combination 
chemotherapy with platinum and anti-folate agents (1,3), with the possible addition of 
bevacizumab (2). Historically, no therapeutic agent has shown strong activity against 
mesothelioma in second or third-line treatment (4). The breakthrough of checkpoint 
inhibitors (CIs) in solid tumors has led to their investigation in MPM patients as well 
(5). Despite promising results in phase I/II trails with CIs, phase III trials investigating 
both single agent anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA4) and 
anti-programmed cell death 1 (PD-1) treatments failed to show efficacy (6,7). Recently, 
the PROMISE-meso, a phase III randomized clinical trial (RCTs), comparing the PD1 
CI pembrolizumab to chemotherapy (gemcitabine or vinorelbine) as second-line 
treatment, failed to show superiority of the anti-PD-1 treatment for the primary 
endpoint progression free survival (PFS) (7). The objective response rate (ORR) was 
significantly higher in the pembrolizumab arm (22%) than in the chemotherapy arm 
(6%), but duration of response (DoR) and overall survival (OS) were equal. Nivolumab, 
another PD-1 inhibitor, showed promising results in phase II trials in pre-treated MPM 
patients (with ORR up to 29%) (8–11) and is currently being tested in the context of 
phase III RCTs (NCT03063450, NCT02899299).

Only one study has reported real-world data on second or third-line PD-1 inhibition 
(pembrolizumab) in MPM (12). In this study, both PFS and OS did not match phase II trial 
results which could be explained by the use of strict inclusion criteria in the clinical 
trials (9,11). Outside of clinical trials, there are no reports on the role of nivolumab in 
pre-treated MPM patients. Most probably, as already observed in phase II/III trials, a 
small group of MPM patients might benefit from CI treatment.

Relevant biomarkers for response have not yet been determined in this specific 
setting of MPM. Programmed death-ligand 1 (PD-L1) expression on tumor cells has 
a controversial role in predicting outcome in MPM (8,12). The low predictive value of 
PD-L1 expression in MPM has been explained by intra-patient heterogeneity, different 
cut-off points for PD-L1 positivity and the use of different immunohistochemistry 
(IHC) markers (8,12). Likewise different cancer types (13,14), other tumor and patient 
characteristics, as well as peripheral blood values should then be investigated in MPM 
patients treated with nivolumab, to identify biomarkers for response.

Since February 2018, nivolumab has been provided to MPM patients in the 
Netherlands through an expanded access program (EAP). This program has offered 
the unique opportunity to conduct a real-world analysis to investigate the outcome of 
nivolumab in a population of MPM patients pre-treated with antifolate and platinum-
based chemotherapy. Furthermore, we extensively analyzed the correlation between 

5
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clinically important factors, baseline peripheral blood parameters and clinical 
outcomes. The impact of radiological response on outcome was also investigated. 
We present the following article/case in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) Guidelines.

Methods

Patients

We retrospectively reviewed data from all 135 MPM patients enrolled at the Erasmus 
Medical Center (Rotterdam, NL) and The Netherlands Cancer Institute (Amsterdam, 
NL) in the EAP for nivolumab. Patients had a cytological and/or histological proven 
MPM and progression after at least one previous line of chemotherapy. Inclusion 
in the program was independent of PD-L1 expression on tumor samples, which 
was assessed by IHC using the Ventana SP263 or the Dako 22C3 assays. A recent 
tumor biopsy was not mandatory. Patients were excluded if they had received any 
immunotherapy as first-line or maintenance treatment. Patients with a follow-up 
shorter than 3 months were also excluded from the analysis, unless they progressed 
or died earlier. Nivolumab was given intravenously at a dose of 3 mg/kg every 2 
weeks. Radiological tumor assessment was carried out 6 weeks (±1) after start of 
treatment and every 6 weeks (±1) until progression depending on previous computed 
tomography (CT) evaluation.

Data collection

Patient and tumor characteristics, as well as radiological response data and blood 
count parameters within 14 days before the initiation of nivolumab treatment were 
collected from the digital patient register. The following variables were collected 
and investigated in statistical analyses: age, gender (male vs female), histologic 
subtype (non-epithelioid vs epithelioid), Eastern Cooperative Oncology Group (ECOG) 
Performance Status (PS) at start of nivolumab (0 vs ≥1), clinical TNM stage (stage III/
IV vs I/II [VIII edition]) (15), line of treatment (later-lines vs second-line), PD-L1 status 
(considered as positive if tumor cell expression levels were ≥1%, negative if <1%), time 
to progression (TTP) to previous line of chemotherapy (<6 months vs ≥6 months), time 
interval (TI) from diagnosis to start of nivolumab, body mass index (BMI). Albumin 
values (as continuous variable), platelet count (as continuous variable), and absolute 
counts for neutrophils, monocytes, eosinophils and lymphocytes were also collected.

Tumor response was assessed using a combination of modified Response Evaluation 
Criteria In Solid Tumors (mRECIST) for mesothelioma version 1.0 and RECIST modified 
for immunotherapeutic agents (iRECIST) (16,17). Per iRECIST, if tumor imaging shows 
initial progression of disease (PD), tumor assessment should be repeated 4 to 8 weeks 
later in order to confirm PD with the option of continuing treatment if the patient 
is clinically stable. Patients who had confirmed disease progression by iRECIST 
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discontinued treatment, and the date of the initial CT scan was taken as the time of 
progression. OS was defined as the time from first CI administration to death from 
any cause, censored at the last tumor assessment date for patients who were alive 
at the time of data cutoff. PFS was measured from the time of nivolumab initiation to 
clinical or radiological progression or death from any cause. ORR was defined as the 
proportion of patients who had a partial (PR) or complete response (CR) to therapy 
and DCR as the percentage of patients who achieved complete response, partial 
response and stable disease (SD). A cut-off of 12 weeks (±2) was selected for both 
ORR and DCR, according to the majority of RCTs investigating CIs in MPM. DoR was 
defined as the time from documentation of tumor response to disease progression.

Statistical analysis

Patient and disease characteristics were reported using count and percentage for 
categorical variables, median and range for continuous variables. Median PFS and OS 
were estimated by the Kaplan–Meier method. Differences in probability of surviving 
between the strata were evaluated by log-rank (Mantel-Cox) test and Bonferroni’s 
correction was used for comparison between more than two groups. The landmark 
method was used for handling immortal time bias when comparing the outcome of 
patients according to their radiological response (18). For this specific analysis, all 
the patients who died before 12 weeks were excluded. A landmark of 12 weeks was 
chosen because at that time ORR was also calculated.

The hazard ratios (HR) of progression and death, the odds ratios (OR) of response 
and their associated 95% confidence intervals (95% CI) for clinically important factors 
(including PS, histology, stage, gender, age, line of treatment, TTP to previous line of 
chemotherapy, PD-L1 status) were calculated using a univariable Cox proportional 
hazard model or a univariable logistic regression.

Missing data in blood-derived parameters analyzed in the multivariable analysis were 
imputed ten times. In order to determine a subset of variables with the strongest 
impact on PFS, OS and ORR, blood-derived biomarkers (including albumin, platelets, 
absolute neutrophils, monocytes, eosinophils and lymphocytes) were combined with 
clinically important factors and a Cox multivariable proportional hazard regression 
model or a multivariable logistic regression were performed on the imputed datasets. 
Since the number of candidate variables exceeded the number of events divided 
by 10, a ridge version of the models was used for variable selection. Variables were 
selected in the final model if they were included 5 times of more in the models on 
the imputed data sets. The final model was fitted on the imputed data sets and the 
results were pooled using Rubin’s rules (19). As a sensitivity analysis, the final model 
was also estimated on the complete case data (without imputed data).

5
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Associations between categorical variables were assessed by Pearson’s Chi-Square 
or Fisher exact tests.

A significance level of 0.05 was chosen to assess the statistical significance. All 
reported p-values were two sided. Statistical analyses were performed using R 
3.6.0 (R Foundation for Statistical Computing). Multiple imputation was performed 
using the “smcfcs” package and pooling was conducted with the “mice” and “mitools” 
packages in R.

Results

Patient characteristics

At the data cut-off of November 2019, 135 patients were treated with at least 
one cycle of Nivolumab. Among them, 107 patients were eligible for the analysis 
(Supplementary Figure S1). Eighty-eight patients (93%) had a PS of 0 or 1 at start of 
treatment. Ninety-seven (90%) were treated in second-line. PD-L1 expression was 
determined in 33 patients: 22 biopsies (66%) were PD-L1 negative and 11 (33%) were 
PD-L1 positive. PD-L1 positive status was associated with non-epithelioid histology 
(Fisher’s exact test p-value 0.004). The majority of patients (69%) had an advanced 
clinical stage of disease (stage III/IV). Other baseline patient characteristics are 
summarized in Table 1.

At a median follow-up time of 10.1 months, 85 patients had progression of disease of 
whom 59 died. The median PFS (mPFS) was 2.3 months (95% CI: 1.6-2.9) and median 
OS (mOS) was 6.7 months (95% CI: 6.2-10.0) (Figure 1A and 1B). The disease control 
rate (DCR) was 37% (40 out of 107) after 12 weeks and 11 patients (10%) had an objective 
radiological response (all partial responders, no complete responses were registered). 
The 6-month PFS rate was 23% (95% CI: 16%–33%). The 6-month OS rate was 60% (95% 
CI: 51%–71%) and the 1-year OS rate was 31% (95% CI: 22%–45%).
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Figure 1. Kaplan-Meier curves of survival in the entire cohort of nivolumab treated MPM pa-
tients (median follow-up time of 10.1 months). (A) Overall survival in the entire cohort. (B) Pro-
gression-free survival in the entire cohort PFS, progression-free survival; OS, overall survival.

Association of clinically important factors with survival outcomes

Univariable Cox proportional hazard regression analysis of clinically important factors 
revealed that patients with advanced clinical stage (stage III/IV) had a shorter PFS 
(mPFS 1.6 vs 3.6 months [HR 1.82, 95% CI 1.11-3.01, log-rank p-value 0.02, Figure 2A]) 
but similar OS (mOS 6.5 vs 6.8 months [HR 1.27, 95% CI 0.71-2.28, log-rank p-value 
0.40], Figure 2B) compared to those with early stage (I/II). All other clinical factors 
were not significantly associated with PFS or OS (Table 2).

In particular, PS was not significantly correlated with PFS or OS, although patients 
with a PS of 0 had a trend towards a longer mOS compared to patients with PS ≥1 
(mPFS 2.9 vs 1.8 months [HR 0.64, 95% CI: 0.36-1.16, log-rank p-value 0.14]; mOS 10.2 
vs 6.2 months [HR 0.51, 95% CI: 0.25-1.05, log-rank p-value 0.06]). PFS was also similar 
among patients with non-epithelioid and epithelioid histology (log-rank p-value 0.89, 
Figure 2C), yet patients with non-epithelioid histology had a non-significant trend 
towards worse OS (mOS 4.8 vs 7.4 months [HR 1.71, 95% CI: 0.92-3.16, log-rank p-value 
0.08], Figure 2D). Patients with positive PD-L1 status showed a longer, albeit non-
significant, mPFS (4.2 vs 1.7 months [HR 0.52, 95% CI: 0.23-1.20, log-rank p-value 0.11], 
Figure 2E) while no difference in terms of OS was observed (mOS 5.4 vs 6.1 months 
[HR 0.67, 95% CI 0.27-1.64, log-rank p-value 0.39], Figure 2F).

5
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Figure 2. Kaplan-Meier curves of survival of subgroups based on stage of disease, histologi-
cal subtype and programmed death ligand 1 (PD-L1) status. (A) Progression-free survival and 
overall survival by stage of disease as determined by IASLC 8th edition of TNM for pleural me-
sothelioma. (B) Progression-free survival and overall survival by histology. (C) Progression-free 
survival and overall survival in patients with a PD-L1 expression ≥1% versus in those with a 
PD-L1 expression <1%. PFS, progression-free survival; OS, overall survival; PD-L1, programmed 
death ligand 1.
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Impact of radiological response to nivolumab on outcome and association of 

clinically important factors with response

To better elucidate the importance of response to nivolumab, we compared PFS and 
OS of patients according to ORR. To avoid an immortal time bias, only patients who 
were still alive at 12 weeks and underwent radiological assessment at that time point 
were taken into account for the analysis. Remarkably, with a median follow up of 14.1 
months in the group of patients with PR, no deaths were reported and only 2 patients 
progressed (median DoR not reached, Figure 3A). Median OS was not reached for 
patients with a PR. Median OS was 10.2 months for patients with SD and 6.4 months 
for those with PD (log-rank p-value 0.0002, Figure 3B). Among the clinically relevant 
factors, the only one which seemed to predict ORR in univariable logistic regression 
was PD-L1 status (Table 2). To note, data about PD-L1 expression were only available 
in 6/11 PR, 8/29 SD and 19/67 PD patients (Figure 4). Four of the responders had 
PD-L1 positive tumors and two had PD-L1 negative tumors (Figure 4). ORR was 36% 
in the PD-L1 positive group vs 9% in the PD-L1 negative group (OR 1.31, 95% CI 1.00-
1.72, p-value 0.05, Table 2).

5

166414_Cantini_BNW-def.indd   147166414_Cantini_BNW-def.indd   147 3-5-2023   20:18:363-5-2023   20:18:36



148

Chapter 5

Figure 3. Kaplan-Meier curves of survival according to best overall radiological response. 
(A) Progression-free survival in patients with a partial response and stable disease as objec-
tive response to nivolumab treatment (B) Overall survival in patients with a partial response, 
stable disease and progressive disease as objective response to nivolumab treatment. PFS, 
progression-free survival; OS, overall survival; PR, partial response; SD, stable disease; PD, 
progressive disease.
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Figure 4. Expression of programmed death ligand 1 (PD-L1) according to objective response to 
nivolumab treatment. PR, partial response; SD, stable disease; PD, progressive disease; PD-L1, 
programmed death ligand 1.

Association of peripheral blood biomarkers with survival outcomes and re-

sponse to nivolumab

After imputation for missing values (refer to Supplementary Figure S1 for the number 
of available blood samples at baseline), peripheral blood-derived parameters 
(albumin, platelets, absolute neutrophils, monocytes, eosinophils and lymphocytes) 
and clinically important factors (including PS, histology, clinical stage, gender and 
age) were used as covariates in multivariable analysis to identify independent factors 
related to the efficacy of nivolumab in terms of PFS and OS. Regarding PFS, only high 
absolute monocyte count was significantly associated with worse PFS after ridge 
regression (HR 3.16, 95% CI: 1.56-6.37, p-value 0.001, Table 3). The role of monocytes 
was confirmed also by using non-imputed data (HR 3.78, 95% CI: 1.84-7.76, p-value 
0.0002).

The ridge regression for OS showed that albumin, thrombocytes, neutrophils had 
the strongest association with OS. Subsequent multivariable Cox proportional hazard 
regression analysis with these variables (Table 3) showed that only albumin retained 
its prognostic value revealing that patients with a high albumin had a lower change of 
dying (HR 0.87, 95% CI 0.81-0.95, p-value 0.002). The role of albumin was confirmed 
by the sensitivity analysis with non-imputed data (HR 0.88, 95% CI: 0.80-0.96, p-value 
0.005).

5
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A multivariable analysis for ORR with peripheral blood-derived parameters was not 
performed because of the low number of events (only 11 responder patients). At 
univariable analysis with imputed data, again only albumin resulted significantly 
associated with ORR (OR 1.02, 95% CI 1.00-1.03, p-value 0.03, Supplementary Table 

S1).

Since albumin was the only significant prognostic factor for OS and was also 
associated with ORR in univariable analysis, patients were further divided in quartiles 
according to their baseline albumin values and their outcomes were analyzed. Patients 
in the lower quartile (< 38 mg/dL) revealed a significantly shorter OS compared to 
patients in the other quartiles (HR 3.76, 95% CI: 1.93-7.31, log-rank p-value 0.003 with 
Bonferroni’s correction, Figure 5). The median OS for patient with baseline albumin 
levels below 38 was 2.5 months (95% CI: 1.9 - not reached) compared to 8.0 months 
(95% CI: 6.4-not reached) for patients with albumin levels above 38. Six-month OS 
rates were 34% (95% CI: 18%-65%) and 74% (95% CI: 62%-86%), respectively. In addition, 
4 out of 20 (20%) patients in the higher quartile (> 43 mg/dL) had a partial response, 
compared to 3/65 (4%) in the other three quartiles, with a 16% increase in the chance 
of getting a response to nivolumab (OR 1.16, 95% CI: 1.02-1.33, p-value 0.02).

Figure 5. Kaplan-Meier curves of survival in patient groups per quartile of albumin level. OS, 
overall survival.
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Discussion

This is the largest real-world analysis of nivolumab treatment in pre-treated MPM 
patients. We observed an ORR of 10%, a mPFS of 2.3 months and a mOS of 6.7 
months. The PFS and OS did not significantly differ per histological subtype or PD-L1 
expression. Patients with PD-L1 positive tumors had a higher ORR than patients 
with PD-L1 negative tumors. We did not observe an association between time from 
diagnosis or response to chemotherapy and response to nivolumab. Strikingly, there 
seemed to be an incremental impact on OS for patients with a PR to nivolumab as 
we did not observe any deaths in these patients during a median follow-up time of 
14.1 months.

By comparing our data with the real-world study of MPM patients treated with 
pembrolizumab, we observed a similar OS but a worse PFS, which could be explained 
by the type of radiological assessment used. In the study of Metaxas et al. (12), the 
type of radiological assessment was not described. In our study, we retrospectively 
analyzed all CT scans according to a combination of mRECIST for mesothelioma 
and iRECIST (16,17). Per iRECIST, tumor assessment had to be repeated 4 to 8 weeks 
after first evidence of PD with the option of continuing treatment if the patient was 
clinically stable. In case of confirmed progression, the date of the initial CT scan was 
taken as the time of progression.

By comparing our data with those of clinical trials (7–11), our ORR and mOS were 
inferior, which could be explained by the fact that there were no strict inclusion 
criteria in our analysis, leading to a less selected patient population. In the PROMISE-
meso trial an ORR of 22% was reported for the pembrolizumab group and an ORR 
of 6% for the second-line chemotherapy treated patients. However, this difference 
in ORR was not translated into a difference in mPFS (pembrolizumab: 2.5 months vs 
chemotherapy: 3.4 months) or mOS (pembrolizumab: 10.7 months vs chemotherapy: 
11.7 months) (7). Conversely, long survival for patients with a PR in our analysis does 
suggest a clinical benefit that is correlated with ORR. The lack of significant benefit 
in terms of mPFS and mOS, despite a higher ORR, in the pembrolizumab arm of 
the PROMISE-meso might be due to the low ORR combined with the short time to 
progression in patients where therapy is not effective. For example, if only a minority 
of patients (10-20%) respond to therapy, mPFS and mOS will not be influenced, 
because more than 50% of the patients will progress or die earlier according to the 
natural course of disease. Six-months PFS and one-year OS might be more reliable 
endpoints for (immune) therapies with low response rates. Analysis of those patients 
who achieved a PR to pembrolizumab in the PROMISE-meso study has not yet been 
published but could be explanatory.

5
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Since retrospective data may be biased by underreporting of adverse events and 
misleading, we decided not to report safety data. Nevertheless, to avoid a potentially 
harmful treatment, identifying a subgroup of MPM patients that benefit from 
nivolumab becomes crucial. This patient selection should probably be based on 
multiple parameters.

MPM patients with epithelioid histology have usually a better natural disease course 
than patients with non-epithelioid tumors (20). However, in our retrospective analysis 
we did not see any significant difference in mPFS and mOS according to histological 
subtypes, suggesting that nivolumab might have had an impact on prognosis of 
non-epithelioid patients. Moreover, PD-L1 expression was associated with non-
epithelioid histology and higher ORR in our study. These results are consistent with 
the exploratory analysis of the MAPS2 trial, where PD-L1 expression of ≥1% was 
found to be significantly associated with objective response to immunotherapy (8). 
Unfortunately, our analysis on PD-L1 expression was limited because only 30% of 
biopsies were stained for PD-L1. Another limitation is that PD-L1 expression was 
often determined on the biopsy from diagnosis, because in most cases there was 
no biopsy taken prior to nivolumab treatment.

Looking at the role of baseline peripheral blood biomarkers, our study showed that 
baseline albumin was the only significant prognostic factor for mOS. In addition, 
patients with an albumin level higher than 43 mg/dL had a 16% higher chance of 
responding to therapy than patients with albumin levels below 38 mg/dL. Albumine 
is known to reflect the nutritional status of cachectic patients and is described as a 
prognostic factor for many cancer types, including mesothelioma (21–23). Due to the 
lack of a control group, we cannot draw definitive conclusions about the predictive 
role of albumin from our analysis. However, we showed that low levels of albumin 
might identify patients who are unlikely to benefit from the treatment.

Our analysis also showed that baseline absolute monocyte count represents an 
optimal predictor of PFS in MPM patients (HR 3.16, 95% CI: 1.56-6.37, p-value 0.001). 
This negative association between the number of monocytes and outcome in MPM 
is consistent with previous studies (24,25). Burt et al. reported that pre-operative 
peripheral absolute monocyte count was associated with poor OS in patients with 
MPM, regardless of tumor histology (HR 3.98, 95% CI: 2.64-5.93, p-value <0.0001) (25).

Conclusions

In conclusion, our study showed that ORR and mOS were lower in our real-world 
database compared to those of clinical trials, which could be due to a less selected 
population. However, we identified a subgroup of MPM patients with a radiological 
response to nivolumab that had a significant benefit in terms of PFS and OS compared 
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to patients without a radiological response to nivolumab treatment. We also showed 
that PD-L1 expression and albumin were associated with higher response rate, yet 
the retrospective nature of our study and the lack of a control group prevent us from 
drawing definitive conclusions on their role as potential predictive biomarkers. Future 
phase III RCTs on CI treatment in MPM should not be conducted without an extensive 
exploratory analysis plan based on the evaluation of peripheral blood parameters 
and tumor samples in order to deeply characterize the small group of patients that 
benefit from CI treatment.
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Supplementary material

Table S1. Univariable analysis of ORR for peripheral blood derived parameters.

Parameter ORR

OR 95% CI p-value

Albumin (mg/dL) 1.02 1.00-1.03 0.03

Platelet count (/μL) 0.99 0.99-1.00 0.42

Neutrophils (/μL) 0.98 0.96-1.00 0.28

Lymphocytes (/μL) 1.00 0.93-1.06 0.99

Monocytes (/μL) 0.98 0.78-1.22 0.89

Eosinophils (/μL) 0.75 0.44-1.28 0.30

The univariable logistic regression was used to calculate the ORs of response for peripheral blood derived 
parameters (with imputed data).
ORR, objective response rate; OR, odds ratio; CI, confidence interval.

Figure S1. Flow diagram of study population.
PD-L1, programmed death ligand 1.
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Abstract

Background: In pre-clinical models, statins showed vaccine adjuvant activities and 
synergized with PD-1 inhibitors. We analyzed the impact of statin treatment on clinical 
outcome in thoracic cancer patients treated with PD-1 inhibitors.

Methods: A total of 82 malignant pleural mesothelioma (MPM) and 179 advanced 
non-small cell lung cancer (aNSCLC) patients treated with PD-1 inhibitors as second 
or further-line treatment were examined. Seventy-seven MPM patients treated with 
standard chemotherapy were analyzed as control cohort. Objective response rate 
(ORR), progression-free survival (PFS) and overall survival (OS) were calculated.

Results: Among 253 patients with available data, statin use was associated with 
increased ORR (32% versus 18%, P = .02), PFS (median 6.7 versus 2.9 months, hazard 
ratio [HR] 0.57, 95% CI 0.39–0.83, P < .01), and OS (median 13.1 versus 8.7 months, HR 
0.67, 95% CI 0.45–1.00, P = .05). In the control MPM cohort treated with chemotherapy 
(n=77), no association was found. MPM patients who used statins showed improved 
ORR (22% versus 6%, P = .05), PFS (median 6.7 versus 2.4 months, P < .01) and OS 
(median not reached versus 6.0 months, P = .01). In aNSCLC patients, statin use 
was associated with improved ORR (40% versus 22%, P = .04) and PFS (median 7.8 
versus 3.6 months, P = .03), but no significant difference in OS was found (median 13.1 
versus 10.1 months, P = .30). Multivariable analysis confirmed the correlation between 
statin use and better PFS and OS in MPM and better PFS in aNSCLC. In the whole 
cohort, high but not low/moderate-intensity statins were associated with better OS 
compared to no user (P = .02 and P = .59, respectively).

Conclusions: Our study showed that statins are associated with better clinical 
outcome in MPM and aNSCLC patients treated with PD-1 inhibitors in an intensity-
dependent manner.
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Introduction

Immune checkpoint inhibitors targeting the programmed cell death protein 1 
(PD-1) axis represent a novel therapeutic option for advanced non-small cell lung 
cancer (aNSCLC) [1,2] and an attractive experimental strategy for malignant pleural 
mesothelioma (MPM) [3–5]. However, clinical benefit from this treatment modality is 
restricted to a proportion of patients and combinations with other drugs are needed 
to improve response [6,7].

Statins act by inhibiting the mevalonate (MVA) pathway, involved in the production 
of cholesterol [8]. Pre-clinical works demonstrated that statins also interfere with 
prenylation, a post-translational modification, of small GTPases proteins, altering 
their internal cell membrane anchorage and, therefore, arresting endocytic vesicles 
trafficking [9]. By this mechanism, statins may lead to prolonged antigen retention 
on cell membrane and strengthen antigen presentation to T cells, thus suggesting 
a potential synergy with PD-1 inhibitors. In our multicentre study, we investigated the 
impact of baseline statin use on the clinical outcome of MPM and advanced aNSCLC 
patients treated with PD-1 inhibitors.

6
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Methods

Patients.

Patients with a diagnosis of aNSCLC undergoing treatment with PD-1 inhibitors (either 
nivolumab or pembrolizumab) for an approved oncological indication between 
January 2016 and December 2019 were identified from patient electronic records 
of the Università Politecnica delle Marche (Ancona, IT) and the Erasmus Medical 
Center (Rotterdam, NL) and entered into a prospectively maintained database. We 
also reviewed data from malignant pleural mesothelioma (MPM) patients enrolled 
at the Erasmus Medical Center in the expanded access program (EAP) for the 
anti-PD1 agent nivolumab. All enrolled patients received PD-1 inhibitors alone as 
second or further-line treatment. Patients were excluded if they had EGFR mutation 
or ALK rearrangement and if they had received any immunotherapy as first-line or 
maintenance treatment. Patients with a follow-up shorter than 3 months were also 
excluded from the study, unless they progressed or died earlier. As control cohort, 
data from MPM patients treated at Università Politecnica delle Marche with standard 
first-line chemotherapy were also collected.

Clinicopathological variables including survival were derived from electronic 
medical records. Patient characteristics were described and compared according 
to statin use (statins versus no statins). Type, lipophilicity and intensity of statins were 
collected. Intensity of statins was defined according to the 2018 American College 
of Cardiology/American Heart Association Guideline on the Management of Blood 
Cholesterol (Supplementary Table 1) [10]. Response to PD-1 inhibitors was evaluated 
according to RECIST criteria (version 1.1) for aNSCLC patients and modified RECIST 
for mesothelioma for MPM patients. Objective response rate (ORR) was defined as 
the proportion of patients with radiological evidence of tumor size reduction (either 
complete response (CR) or partial response (PR)). Progression free survival (PFS) and 
overall survival (OS) were calculated from the time of PD-1 inhibitors/chemotherapy 
commencement until radiological progression or death/last follow up for PFS and 
until death/last follow up for OS. All patients were followed-up until death or data 
lock (December 2019).

Ethical approval to conduct this study was granted by Università Politecnica delle 
Marche (Reference Number 208128) under a broader protocol to investigate tissue 
and clinical predictors of outcome in MPM patients and by the Erasmus Medical 
Center (Dutch Trial Register number NTR7015/ NL6828) under a broader protocol 
to investigate tissue and clinical predictors of outcome in patients receiving cancer 
immunotherapy.
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Statistical analysis

Clinicopathological characteristics were presented using count and percentage 
for categorical variables, median and range for continuous variables. Pearson chi‐
square or Fisher’s exact tests were used for analysis of proportions across groups. 
Survival curves were plotted using the Kaplan‐Meier method and differences in 
probability of surviving between the strata were evaluated by log-rank (Mantel-
Cox) test. Bonferroni’s correction was used for comparison of patients according to 
statin intensity (high-intensity statins versus low/moderate-statins versus no statins). 
The hazard ratios (HR) of progression and death were calculated using univariable/
multivariable logistic regression and univariable/multivariable Cox proportional 
hazard model. Fixed multivariable analysis was performed separately in MPM and 
aNSCLC patients to take into account the different variables (e.g. histological subtype) 
that could affect patient outcome in each tumor type. The key covariates were: age 
(< 70 versus ≥ 70 years old), gender (female versus male), smoking status (never 
smokers versus current/former smokers), Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) (0 versus ≥ 1), , histological subtype (epithelioid versus 
non-epithelioid for MPM; adenocarcinoma versus non-adenocarcinoma for aNSCLC). 
R 3.6.0 (R Foundation for Statistical Computing) was used for statistical analysis, with 
all estimates being reported with corresponding 95% confidence intervals and a two‐
tailed level of significance of P < .05.

Results

Patient characteristics

Data from 261 patients (82 MPM and 179 aNSCLC) treated with PD-1 inhibitors 
alone as second or further-line were analysed, whose 253 had available data on 
statins at baseline (80 MPM and 173 aNSCLC). Overall survival data were available 
for 166 aNSCLC and 80 MPM patients, respectively. Two hundred and sixteen (95%) 
of patients had an ECOG PS of 0 or 1 at start of treatment. Two hundred and six 
(79%) were treated in second-line. The frequency of statin use at start of anti-PD1 
treatment was relatively similar in MPM (33%) and aNSCLC (22%) patients (Table 1 

and Supplementary Table 2).

6
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Table 1. Patient characteristics (whole cohort).

Characteristic No. (%)

Total 261

Median age (range) 67 (26-89)

Sex

Male 189 (72)

Female 72 (28)

ECOG PS

0 66 (25)

1 150 (57)

≥2 10 (4)

unknown 35 (14)

Smoking status

Never smoker 34 (13)

Current/former smoker 193 (74)

Unknown 34 (13)

Tumor typea

aNSCLC 179 (69)

Adenocarcinoma 109 (61)

Non-adenocarcinoma 66 (37)

Unknown 4 (2)

MPM 82 (31)

Epithelioid 54 (66)

Sarcomatoid/biphasic 21 (26)

Unknown 7 (8)

Prior treatment lines

1 206 (79)

2 43 (16)

>2 12 (5)

Tumor response

CR 3 (1)

PR 49 (19)

SD 75 (29)

PD 119 (46)

Unknown 15 (5)

Statin use
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Table 1. Continued.

Characteristic No. (%)

Yes 67 (26)

No 186 (71)

Unknown 8 (3)

Statin intensityb

Low 2 (3)

Moderate 42 (63)

High 14 (21)

Unknown 9 (13)

Statin lipophilicityb

Lipophilic 51 (76)

Hydrophilic 12 (18)

Unknown 4 (6)

Statin typeb

Atorvastatin 21 (30)

Rosuvastatin 9 (15)

Simvastatin 29 (43)

Others 8 (12)

Median OS (months) 9.4 (95% CI 8.3-12.0)

Median PFS (months) 3.9 (95% CI 2.8-5.2)

 Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; aNSCLC, advanced 
non-small cell lung cancer; MPM, malignant pleural mesothelioma; CR, complete response; PR, partial 
response, SD, stable disease; PD, progressive disease; OS, overall survival; CI, confidence interval; PFS, 
progression-free survival.
a Percentages of histological subtypes refer to each tumor type taken alone.
b Percentages refer to only patients taking statins at baseline.

Clinicopathological characteristics were typical of advanced MPM and aNSCLC 
patients and were balanced between those who were taking statins or not, with 
the exception of age (older patients in the statin group) and gender (statin use more 
common among male patients) (Table 2).
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Table 2. Association between baseline statin use and key clinicopathologic features of MPM 
and aNSCLC patients.

Characteristic No statins (%) Statins (%) P valuea

Total 186 (73) 67 (27)

Age

<65 75 (40) 17 (25) .04b

≥65 111 (60) 50 (75)

Sex

Male 129 (69) 55 (82) .06

Female 57 (31) 12 (18)

ECOG PS

0 45 (24) 21 (31) .32

≥1 115 (62) 37 (55)

Unknown 26 (14) 9 (14)

Smoking status

Never-smoker 26 (14) 8 (12) .74

Smoker 134 (72) 52 (78)

Unknown 26 (14) 7 (10)

Prior treatment lines

1 149 (80) 52 (78) .79

2 26 (14) 15 (22)

>2 11 (6%) 0

Tumor type

aNSCLC 133 (71) 40 (60)

Adenocarcinoma 82 (62) 23 (58) .78

Non-adenocarcinoma 48 (36) 16 (40)

Unknown 3 (2) 1 (2)

MPM 53 (29) 27 (40)

Epithelioid 36 (68) 16 (59) 1.00

Sarcomatoid/biphasic 14 (26) 7 (26)

Unknown 3 (6) 4 (15)

Tumor response

aNSCLC

CR/PR 28 (21) 14 (35) .04b

SD/PD 95 (71) 21 (52)

Unknown 10 (7) 5 (12)

MPM

CR/PR 3 (6) 6 (22) .03b

SD/PD 50 (94) 21 (78)

Unknown 0 0

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; aNSCLC, advanced 
non-small cell lung cancer; MPM, malignant pleural mesothelioma; CR, complete response; PR, partial 
response, SD, stable disease; PD, progressive disease.
aChi-square test comparing proportions between statin users and no users. P values were calculated 
excluding unknown values.
bStatistically significant (P < .05).
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Association between statin use and clinical activity of PD-1 inhibitors.
In the whole study cohort, at a median follow up of 17.0 months (95% confidence 
interval [CI] 15.8-21.9), statin use was associated with significantly improved ORR (32% 
versus 18%, P = .02), significantly better PFS (median 6.7 versus 2.9 months, hazard ratio 
[HR] 0.57, 95% CI 0.39–0.83, P < .01), and better OS (median 13.1 versus 8.7 months, HR 
0.67, 95% CI 0.45–1.00, P = .05) (Figure 1).

Figure 1. Overall survival (OS) (a), progression-free survival (PFS) (b), and tumor response (c 
and d) in thoracic cancer patients treated with PD-1 inhibitors, stratified by use of statins at 
baseline. OS (e), PFS (f), and tumor response (g and h) in thoracic cancer patients treated with 
PD-1 inhibitors, stratified by statin intensity at baseline. P-values calculated with log-rank tests. 
Numbers at risk between strata are shown directly below the Kaplan-Meier graph. Abbrevia-
tions: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

In MPM patients, statin use was associated with significantly increased ORR (22% 
versus 6%, P = .03). PFS and OS were also significantly longer in those patients with 
statins than in those with no statins (median PFS, 6.7 versus 2.3 months, HR 0.42, 
95% CI 0.23–0.77, P < .01; median OS, not reached versus 6.0 months, HR 0.43, 95% CI 
0.21–0.85, P = .01) (Figure 2).

6
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Figure 2. Overall survival (OS) (a), progression-free survival (PFS) (b), and tumor response (c and 
d) in MPM patients treated with PD-1 inhibitors with available survival data (n=80), stratified by 
use of statins at baseline.

In aNSCLC patients, statin use was associated with significantly increased ORR (40% 
versus 22%, P = .04). PFS was also significantly longer in those patients with statins 
than in those not taking statins (median 7.8 versus 3.6 months, HR 0.59, 95% CI 0.37–
0.97, P = .03) while no difference in OS was observed between the two groups (median 
13.1 versus 10.1 months, HR 0.79, 95% CI 0.49–1.28, P = .35) (Figure 3).

Figure 3. Overall survival (OS) (a), progression-free survival (PFS) (b), and tumor response (c 
and d) in aNSCLC patients treated with PD-1 inhibitors (n=166 for OS, n=159 for PFS), stratified 
by use of statins at baseline.

We next carried out a multivariable analysis of the effect of baseline statin use, 
adjusting for classical prognostic factors (age, gender, smoking status, ECOG PS, 
histological subtype) relevant to MPM and aNSCLC, respectively. In MPM, the impact 
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of statins remained significant for PFS (HR 0.36, 95% CI 0.16–0.81, P = .01) and OS 
(HR 0.27, 95% CI 0.10–0.74, P = .01) (Table 3). In aNSCLC, statins were not significantly 
associated with OS (HR 0.68, 95% CI 0.38–1.22, P = .20) but remained significantly 
associated with PFS (HR 0.52, 95% CI 0.29–0.93, P = .03) (Table 3).

Table 3. Multivariable analyses for PFS and OS in MPM and aNSCLC cohorts.

Test variables PFS HR (95% CI) P value OS HR (95% CI) P value

MPM

No statins (ref.)/Statins 0.36 (0.16-0.81) .01a 0.27 (0.10-0.74) .01a

Age <70 (ref.)/≥70 0.97 (0.46-2.03) .94 0.78 (0.34-1.78) .55

Female (ref.)/Male 0.83 (0.31-2.19) .71 1.32 (0.39-4.43) .65

Never smokers (ref.)/Current-Former 
smokers

1.27 (0.60-2.66) .52 1.01 (0.44-2.33) .96

ECOG PS 1.62 (0.71-3.68) .24 1.82 (0.68-4.97) .22

0 (ref.)/≥1

Histological subtype 1.34 (0.58-3.11) .48 1.70 (0.66-4.38) .26

Epithelioid (ref.)/Non epithelioid

aNSCLC

No statins (ref.)/Statins 0.52 (0.29-0.93) .03a 0.68 (0.38-1.22) .20

Age <70 (ref.)/≥70 1.49 (0.94-2.35) .08 1.84 (1.12-3.03) .02a

Female (ref.)/Male 0.80 (0.49-1.32) .39 0.61 (0.35-1.04) .07

Never smokers (ref.)/Current-Former 
smokers

0.84 (0.39-1.78) .65 0.83 (0.37-1.84) .64

ECOG PS 1.19 (0.75-1.89) .44 1.60 (0.98-2.64) .06

0 (ref.)/≥1

Histological subtype 1.00 (0.62-1.59) .99 1.02 (0.61-1.68) .93

Adenocarcinoma (ref.)/Non 
adenocarcinoma

Abbreviations: CI, confidence interval; PFS, progression-free survival, HR, hazard ratio; OS, overall survival; 
MPM, malignant pleural mesothelioma; ECOG PS, Eastern Cooperative Oncology Group performance status; 
aNSCLC, advanced non-small cell lung cancer.
a Statistically significant (P < .05).

To further investigate the role of statins as predictor of clinical activity in PD-1 inhibitors 
treated patients, we assessed survival of 77 MPM patients treated with standard 
chemotherapy (of which 13 (17%) were taking statins at baseline) (Supplementary 

Table 3), and we found no association between statin use, ORR (18% versus 17%, P = 1) 
and survival outcomes (median PFS, 6.0 months versus 6.3 months, P = .60; median 
OS, 11.3 months versus 16.7 months, P = .20) (Supplementary Figure 1).
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Impact of statin intensity on clinical activity of PD-1 inhibitors.
We also examined the effect of baseline statins according to their intensity. In the 
whole cohort, patients receiving high-intensity statins were compared with those not 
receiving statins. Use of high-intensity statins was associated with increased ORR 
(46% versus 18%, P = .03), better PFS (median not reached versus 2.9 months, HR 0.20, 
95% CI 0.06–0.65, P < .01) and better OS (median not reached versus 8.7 months, HR 
0.10, 95% CI 0.01–0.76, P = .02) (Figure 1).

By looking separately at patients taking low/moderate-intensity statins and 
comparing them with no users, we found no differences in terms of ORR (24% versus 
18%, P = .43), PFS (median 5.1 versus 2.8 months, HR 0.76, 95% CI 0.51–1.13, P = .17) and 
OS (median 9.5 versus 8.7 months, HR 0.89, 95% CI 0.59–1.35, P = .59) (Figure 1).

Finally, no difference in terms of PFS and OS was found according to the type and 
lipophilicity of statins (Supplementary Figure 2 and Supplementary Figure 3).

Discussion

This study reports that baseline statin use was associated with improved clinical 
activity of PD-1 inhibitors in MPM and aNSCLC patients. This association resulted to 
be intensity-dependent, as use of high-intensity but not of low/moderate-statins 
led to better outcomes.

The mechanism by which statins might boost clinical activity of PD-1 inhibitors in 
cancer is a matter of study [11]. Preliminary evidences suggested that blocking the 
MVA pathway might have a direct antitumor effect by interacting with key oncogenic 
molecules such as p53, MYC and PI3K [12]. According to Xia et al. [9], the antitumor 
effect of statins might be attributed to an indirect immunotherapeutic effect. More 
precisely, lipophilic statins were demonstrated to increase antigen occupation on 
dendritic cells thus boosting CD4+ and CD8+ responses in murine models. In the same 
model, lipophilic statins were also found to strongly synergize with PD-1 inhibitors, 
representing the biological rationale underlying our study.

Previous analyses in cancer patients were not always consistent in reporting an 
association between statin use and improved outcomes [13–15]. This is further 
supported by our investigation of MPM patients treated with standard chemotherapy. 
In this case, no association between statin use and outcomes was found, thus 
confirming that the potential of statins in cancer treatment might differ according to 
the characteristics of the disease and the combined drug.

Interestingly, our study suggests that statin intensity (meaning the LDL-C lowering 
that should occur with the specific statin and dosage) is essential in establishing their 
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association with response to immunotherapy. In particular, only high-intensity statins 
showed the ability to boost the activity of PD-1 inhibitors. If statins work as vaccine 
adjuvants, their temporal accumulation in combination with antigens is probably 
essential to induce adaptive immune responses [16]. To note, contrary to what showed 
in pre-clinical models [9], the lipophilicity of statins was not associated with clinical 
activity of PD-1 inhibitors in our series.

Our study has some limitations. First, it might be argued that patient characteristics 
other than statin use could have influenced the different prognosis. However, none 
of the factors known to normally affect clinical activity of PD-1 inhibitors (such as 
ECOG PS and smoking status) differ by statin use in our cohort. We also conducted 
multivariable analysis to adjust for significant prognostic factors in both MPM and 
aNSCLC, which still showed a positive impact of statin use. In addition, we found 
statins to be not only associated with PFS and OS but also with ORR to PD-1 inhibitors. 
Radiological response is much less likely to be affected by comorbidities/other 
patient conditions, thus further strengthening the observed link. Secondly, we did 
not adjust our estimates for tumor-intrinsic factors such as PD-L1 status and tumor 
mutational burden, which may differ in patients exposed to statins before anti-PD1 
treatment. Finally, it was not possible to ascertain for how long patients were taking 
statins before anti-PD1 treatment. Therefore, these correlative analyses warrant 
further testing in prospective studies.

Conclusions

Altogether, our results showed that statin use is associated with improved clinical 
activity in thoracic cancer patients receiving PD-1 inhibitors in an intensity-dependent 
manner. Whether statin use reflects a general prognostic association or is causatively 
linked with improved clinical activity of PD-1 inhibitors still need to be assessed within 
randomized trials. If our results were prospectively confirmed, statins could represent 
an optimal strategy of drug repurposing in combination with anti-PD-1 therapy to 
improve outcome in patients with thoracic malignancies.
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Supplementary Material

Supplementary Table 1. Definition of statin intensity according to the 2018 American College 
of Cardiology/American Heart Association Guideline on the Management of Blood Cholesterol.

High-Intensity Moderate-intensity Low-intensity

LDL-C 
Lowering*

≥50% 30% to 49% <30%

Statins Atorvastatin (40mg) 
80mg Rosuvastatin 20 
(40 mg)

Atorvastatin 10mg (20mg) 
Rosuvastatin 5 mg (10 mg) 
Simvastatin 20-40 mg

Simvastatin 10 mg

- Pravastatin 40mg (80mg) 
Lovastatin 40 mg (80 mg) 
Fluvastatin XL 80 mg 
Fluvastatin 40 mg BID 
Pitavastatin 1-4 mg

Pravastatin 10-20mg 
Lovastatin 20 mg 
Fluvastatin 20-40 mg

BID indicates twice daily; FDA, U.S. Food and Drug Administration; LDL-C, low-density lipoprotein cholesterol; 
RCT, randomized controlled trial.
Percent LDL-C reductions with the primary statin medications used in clinical practice (atorvastatin, 
rosuvastatin, simvastatin) were estimated using the median reduction in LDL-C from the VOYAGER 
database. Reductions in LDL-C for other statin medications (fluvastatin, lovastatin, pitavastatin, pravastatin) 
were identified according to FDA-approved product labeling in adults with hyperlipidemia, primary 
hypercholesterolemia, and mixed dyslipidemia.
*LDL-C lowering that should occur with the dosage listed below each intensity.

Supplementary Table 2. Statin characteristics in MPM and aNSCLC patients.

Characteristic No. (%)

Statin use

aNSCLC

Yes 40 (22)

No 133 (74)

Unknown 6 (4)

MPM

Yes 27 (33)

No 53 (65)

Unknown 2 (2)

Statin dose

aNSCLC

Low 0

Medium 25 (63)

High 6 (15)

unknown 9 (22)

 MPM

Low 2 (7)

Medium 17 (63)

High 8 (30)

Unknown 0

Statin lipophilicity

aNSCLC
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Supplementary Table 2. Continued.

Characteristic No. (%)

Lipophilic 30 (75)

Hydrophilic 6 (15)

Unknown 4 (10)

MPM

Lipophilic 21 (78)

Hydrophilic 6 (22)

Unknown 0

Statin type

aNSCLC

Atorvastatin 11 (27)

Rosuvastatin 4 (10)

Simvastatin 18 (46)

Others 7 (17)

MPM

Atorvastatin 10 (38)

Rosuvastatin 5 (18)

Simvastatin 11 (40)

Others 1 (4)

Abbreviations: aNSCLC, advanced non-small cell lung cancer; MPM, malignant pleural mesothelioma.
Percentages refer to only patients taking statins at baseline and to each tumor type taken alone.

Supplementary Table 3. Clinical characteristics of MPM patients receiving standard first-line 
chemotherapy. Information about statin use and survival was available for 77 MPM patients.

Characteristic No. (%)

Total 103

Median age 72 (48-83)

Sex

Male 85 (82)

Female 18 (18)

ECOG

0 58 (56)

1 31 (30)

≥2 6 (6)

Unknown 8 (8)

Smoking status

Never smoker 37 (36)

Current/former smoker 57 (55)

Unknown 9 (9)

Histological subtype

Epithelioid 65 (63)

Sarcomatoid/biphasic 32 (31)

Unknown 6 (6)

First-line chemotherapy

6
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Supplementary Table 3. Continued.

Characteristic No. (%)

Cisplatin plus Pemetrexed 25 (24)

Carboplatin plus Pemetrexed 40 (39)

Pemetrexed alone 16 (16)

Platinum based monotherapy 20 (19)

Unknown 2 (2)

Maintenance chemotherapy

Yes 13 (13)

No 83 (80)

Unknown 7 (7)

Tumor response

CR 1 (1)

PR 13 (12)

SD 33 (32)

PD 50 (49)

Unknown 6 (6)

Statin use

Yes 13 (13)

No 66 (64)

Unknown 24 (23)

Statin intensitya

Low 0

Moderate 10 (77)

High 2 (15)

Unknown 1 (8)

Statin characteristica

Lipophilic 10 (77)

Hydrophilic 3 (23)

Unknown 0

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; CR, complete response; 
PR, partial response, SD, stable disease; PD, progressive disease.
a Percentages refer to only patients taking statins at baseline.
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Supplementary Figure 1. Overall survival (OS)(a), progression-free survival (PFS) (b) and tumor 
response (c and d) in MPM patients (n=77) treated with standard first-line chemotherapy, strati-
fied by use of statins at baseline.

Supplementary Figure 2. Overall survival (OS) (a) and progression-free survival (PFS) (b) in the 
whole patient cohort, stratified by statin type at baseline.

6
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Supplementary Figure 3. Overall survival (OS) (a) and progression-free survival (PFS) (b) in the 
whole patient cohort, stratified by statin lipophilicity at baseline.
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Abstract

Purpose: Lurbinectedin is a promising new drug being investigated in pre-treated 
patients with small cell lung cancer (SCLC) or malignant pleural mesothelioma (MPM). 
Its clinical activity in the real-world setting has not been investigated yet.

Patients and Methods: Clinical data of patients with SCLC and MPM who were 
treated with lurbinectedin were prospectively collected. Comprehensive immune cell 
profiling by flow cytometry was performed on screening and on treatment peripheral 
blood samples.

Results: A total of 95 patients (43 SCLC and 52 MPM) were treated, mostly as ≥3-line of 
therapy. In the SCLC cohort, median progression free survival (mPFS) was 1.5 months 
(95% CI: 1.4–3.0), and median overall survival (mOS) was 7.0 months (95% CI: 4.7–not 
reached). Objective radiological response and disease control rate (DCR) after 12 
weeks were 16% and 28%, respectively. In the MPM cohort, mPFS was 2.8 months (95% 
CI: 1.4–4.2), and mOS was 7.2 months (95% CI: 5.9–not reached). DCR after 12 weeks 
was 29%, whereas no partial responses were registered. No new safety signals were 
observed. Lurbinectedin treatment was significantly associated with depletion of 
circulating classical monocytes, which correlated with a better PFS in SCLC patients. 
Lurbinectedin increased proliferation of CD4+ and CD8+ T cells (SCLC), and NK and 
NKT cells (SCLC and MPM) and altered co-stimulatory and co-inhibitory receptor 
expression on circulating lymphocytes.

Conclusion: Lurbinectedin has a manageable safety profile and shows clinical activity 
in pre-treated patients with SCLC and MPM. Its immune-modulatory functions make 
lurbinectedin a potential platform for immunotherapy combinations.
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Introduction

Small cell lung cancer (SCLC) and malignant pleural mesothelioma (MPM) are both 
aggressive thoracic malignancies with a dismal prognosis. Despite the addition of 
immune checkpoint inhibitors (ICI) to the treatment armamentarium[1–3], overall 
survival (OS) remains poor, and there is a lack of treatment options after first-line 
treatment failure.[4,5] Thus, identification of new effective treatment strategies for 
both diseases represent an utmost clinical challenge.

Lurbinectedin (Zepzelca) is a promising new agent that is currently being 
investigated in patients with SCLC or MM after failure of at least first-line systemic 
therapy.[6–8] Lurbinectedin recognizes specific sequences within the promoters of 
actively transcribed genes, blocks the binding of oncogenic transcription factors to 
their target sequences and promotes the irreversible proteasomal degradation of 
RNA polymerase II.[9,10] As a consequence of its mechanism of action, lurbinectedin 
induces double-strand breaks in the DNA, triggers an extended delay in the transition 
through the S phase of the cell cycle with an arrest in the G2/M phase, and finally 
leads to tumor cell death by apoptosis.[11] Apart from its direct cytotoxic effect on the 
tumor cells, lurbinectedin presents a marked effect on the tumor microenvironment 
by inhibiting transcription and secretion of tumor-growth promoting cytokines by 
tumor associated macrophages (TAMs).[12] TAMs are responsible for an immune-
suppressive tumor microenvironment and their reduction may lead to a more effective 
anti-tumor immune response.[13] Based on a phase 2 basket trial with 105 patients 
with stage IV SCLC pre-treated with one chemotherapy regimen (immunotherapy 
was allowed, combined with chemotherapy or alone), in 2019, the EMA granted 
orphan designation. Subsequently, in 2020 the FDA granted accelerated approval to 
lurbinectedin for patients with metastatic SCLC with disease progression on or after 
platinum-based chemotherapy.[6]

In another phase 2 trial, 42 patients with progressive MPM were treated with 
lurbinectedin in 2nd line. Although this trial met its primary endpoint, progression 
free survival (PFS) at 12 weeks, this did not lead to registration for this indication.[8,14]

As far as we know, no real-world data on the efficacy of lurbinectedin has been 
published. Lurbinectedin has previously been reported to deplete monocytes 
(specifically Ly6chighCD11b+CD115+ monocytes) in mice,[12] but whether this occurs in 
patients with SCLC and MPM remains largely unknown. Here, we present real-world 
data of two large cohorts of patients with SCLC or MPM treated with lurbinectedin in a 
Dutch tertiary referral university medical cancer centre on a named patient program. 
We also report on the immune-modulatory effect of lurbinectedin, as determined by 
the circulating immune profile of these patients.

7
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Methods

Study design and procedures

Data from patients with SCLC or MPM treated with lurbinectedin intravenously at a 
dose of 3·2 mg/m2 every 3 weeks, as part of a named patient program in Erasmus 
Medical Center (Rotterdam, the Netherlands), were prospectively collected. A 
detailed description of eligibility criteria and procedures of the clinical study is 
provided in the Data Supplement. The database lock for the current analysis was 
March 19th, 2021. All patients with a follow-up shorter of 3 months before data cut-
off were excluded except when progression was established before data cut-off or 
death. Of all included patients, blood samples were collected for immune monitoring 
analysis. All study procedures were conducted in accordance with the Declaration of 
Helsinki. Blood samples were obtained after patient’s informed consent. According to 
national guidelines, no ethical committee approval was needed for the prospective 
collection of the clinical data.

The primary objective was to describe the real-world efficacy of lurbinectedin 
in patients with SCLC and MPM. Secondary and exploratory objectives were to 
investigate safety and immune-modulatory properties of lurbinectedin. A detailed 
description of the outcome measurements is provided in the Data Supplement.

The statistical analysis are described in the Data Supplement.

Results

Patient characteristics

From November 29th, 2019 to December 22th, 2020 a total of 95 patients (43 SCLC 
and 52 MPM) started treatment with lurbinectedin. Patients had a median age of 67 
years (range: 40-82) and 75 patients (90%) had a good Eastern Cooperative Oncology 
Group (ECOG) performance status score of 0/1 at the start of treatment. All patients 
with SCLC and 81% of patients with MPM had received at least two previous lines of 
treatment (Table 1).
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Table 1. Patient and disease baseline characteristics.

Characteristic SCLC (n=43) MPM (n=52)

Median age, years (range) 62 (40-77) 71 (52-82)

Gender, male, No. (%) 19 (44) 46 (87)

Median time from diagnosis to start of lurbinectedin, months (IQR) 15.2 (9·9-22·0) 18·7 (12·8-27·1)

Smoking status, No. (%)

Former/current 31 (72) 29 (55)

Never 2 (5) 13 (26)

Unknown 10 (23) 10 (19)

ECOG PS at start of lurbinectedin, No. (%)

 0 5 (12) 10 (19)

 1 34 (79) 26 (50)

 ≥2 3 (6) 5 (10)

 Unknown 1 (3) 11 (21)

Histological subtype, No. (%)

 Epithelioid NA 41 (79)

 Mixed/Sarcomatoid NA 9 (17)

 Peritoneal mesothelioma (epithelioid) NA 2 (4)

Previous line(s) of treatment, No. (%)

 1 0 (0) 10 (19)

 2 21 (48) 25 (48)

 ≥3 22 (52) 17 (33)

Median previous line(s) of therapy (range) 2 (2-6) 2 (1-8)

Prior chemotherapy, No. (%) 43 (100) 52 (100)

Prior immunotherapy, No. (%) 8 (19) 43 (83)

Time since last cycle of systemic treatment, months (range) 1·9 (0·8-10·8) 1·6 (0·5-21·2)

<90 days 31 (72) 36 (69)

≥90 days 10 (23) 16 (31)

Unknown 2 (5) 0 (0)

Type of last systemic treatment, No. (%)

Chemotherapy 43 (100) 17 (33)

Immunotherapy 0 (0) 35 (67)

Best response to last line of systemic treatment, No. (%)

PD 24 (54) 19 (37)

SD 8 (19) 21 (40)

PR/CR 10 (22) 12 (23)

Unknown 2 (5) 0 (0)

Median albumin, g/l (range) 39 (28-46) 35 (22-45)

Median LDH, U/L (range) 277 (150-1537) 184 (125-370)

Abbreviations: SCLC, small cell lung cancer; MPM, malignant pleural mesothelioma; IQR, Interquartile range; 
ECOG PS, Eastern Cooperative Oncology Group performance score; PD, progressive disease; SD, stable 
disease; PR, partial response; CR, complete response; LDH, lactate dehydrogenase.

7
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Clinical outcomes and safety of lurbinectedin in the real-world setting

Patients with SCLC received a median number of lurbinectedin cycles of 2 (range: 
1-12), whereas those with MPM received a median of 3 cycles (range: 1-13) with 12 
(28%) and 8 (15%) patients receiving ≥6 cycles respectively.

In the SCLC cohort, with a median follow-up time of 7.2 months, 39/43 patients had 
progression of disease and 23/43 died. Median PFS (mPFS) was 1.5 months (95% CI: 
1.4–3.0) (Fig. 1A), and median OS (mOS) was 7.0 months (95% CI: 4.7–not reached) 
(Fig. 1B). The 6-month PFS rate was 12% (95% CI: 5–28%) and the 6-month OS rate 
was 57% (95% CI: 43–75%). Regarding the overall lurbinectedin activity, 7/43 patients 
had a tumor response (16.3% ORR) and five (11.6%) had SD as the best result after 12 
weeks of treatment, resulting in a DCR of 27.9%.

Univariable Cox proportional hazard regression analysis in patients with SCLC 
revealed no major clinical parameters able to predict the outcome, outside known 
prognostic factors (Data Supplement Table 2).

In the MPM cohort, the median follow-up time was 7.3 months. Forty-four out of 52 
patients had progression of disease and 28/52 died. Median PFS was 2.8 months (95% 
CI: 1.4–4.2) (Fig. 1C), and mOS was 7.2 months (95% CI: 5.9–not reached) (Fig. 1D). The 
6-month PFS rate was 20% (95% CI: 11–36%) and the 6-month OS rate was 58% (95% 
CI: 46–74%). No tumor responses were registered, and 15/52 patients obtained SD 
after 12 weeks of treatment for a DCR of 28.8%.

Univariable Cox proportional hazard regression analysis in patients with MPM revealed 
no major clinical parameters able to predict the outcome, outside known prognostic 
factors (Data Supplement Table 3).
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Figure 1. Kaplan Meier analyses in patients with small cell lung cancer (SCLC) and malignant 
pleural mesothelioma (MPM). A: Progression-free survival of SCLC patients (entire cohort). B: 
Overall survival of SCLC patients (entire cohort). C: Progression-free survival of MPM patients 
(entire cohort). D: Overall survival of MPM patients (entire cohort).

The treatment safety profile was consistent with previous studies, and no new safety 
signals were reported (Table 2). Lurbinectedin-related adverse events (AEs) of any 
grade were observed in 83/95 pts (87.4%) and grade 3/4 AEs in 25/95 patients (26.3%). 
The most common grade 3/4 AEs were neutropenia (11% SCLC, 16% MM) and fatigue 
(2% SCLC, 6% MM). Febrile neutropenia was documented in two MPM patients (4%). 
There was no association between chemotherapy free interval (CFI) and neutropenia 
onset in the whole cohort (P = 0.30, Wilcoxon signed-rank test).

7
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Table 2. Treatment-related adverse events (SCLC n=45; MPM, n=52).

Grade 3 Grade 4

Any 20 (21) 5 (5)

Anemia 2 (2) 0

Neutropenia 8 (8) 5 (5)

Thrombocytopenia 1 (1) 1 (1)

Creatinine increased 0 0

Alanine aminotransferase increased 0 2 (2)

Aspartate aminotransferase increased 2 (2) 0

γ-glutamyl transferase increased 2 (2) 0

Alkaline phosphatase increased 0 0

Fatigue 4 (4) 0

Nausea 0 0

Dysgeusia 0 0

Vomiting 0 0

Diarrhea 1 (1) 0

Constipation 0 0

Febrile neutropenia 2 (2) 0

Hiccups 1 (1) 0

Dyspnea 2 (2) 0

Mucositis 1 (1) 0

Rash 0 0

Dose reductions were performed in 27% of patients and were mainly due to 
hematologic toxicity and fatigue. Two patients stopped the treatment due to AEs; 
one due to persisting thrombocytopenia, the other one due to persisting neutropenia. 
Treatment delays occurred at least once in 6 patients with SCLC (14%) and 17 patients 
with MM (33%) (Data Supplement Table 4).

Immunological phenotyping

Major baseline characteristics and clinical outcome of the patients of whom peripheral 
blood samples were collected (SCLC n=20 and MPM n=19) did not differ from the 
whole group of patients. (Data Supplement Table 5, Data Supplement Fig. 2).

Although the relative proportion of the total monocyte population did not change 
significantly during therapy (Fig. 2A), lurbinectedin significantly reduced the 
proportions of HLADR+CD56-CD14+CD16- classical monocytes within the total 
monocyte population, both in SCLC and in MPM patients (Fig. 2B and 2C; see for 
gating: Suppl. Fig. 2). This decrease of classical monocyte frequencies was paralleled 
by a significant relative increase of intermediate monocytes in both SCLC (Fig. 2B) 
and MPM (Fig. 2C). Interestingly, we found that SCLC patients with lower frequencies 

166414_Cantini_BNW-def.indd   188166414_Cantini_BNW-def.indd   188 3-5-2023   20:18:453-5-2023   20:18:45



189

Clinical activity and immune-modulatory functions of lurbinectedin

of classical monocytes before treatment with lurbinectedin, had a longer PFS (Data 

Supplement Fig. 3).

Figure 2. Lurbinectedin treatment is associated with depletion of the classical monocyte subset. 
A: Percentage of monocytes (CD14+ CD16+/- and CD14- CD16+) at screening an on-treatment time 
points in small cell lung cancer (SCLC) patients (left) and malignant pleural mesothelioma 
(MPM) patients. B: Percentage of HLA-DR+ CD56- cell subsets, at screening and on-treatment 
time points in small cell lung cancer (SCLC) patients. C: Percentage of HLA-DR+ CD56- cell 
subsets, at screening and on-treatment time points in malignant pleural mesothelioma (MPM) 
patients. Wilcoxon matched-pairs signed rank tests or Student’s t-tests were performed to 
calculate statistical significance. Paired samples are shown connected by black lines. Bars 
depict mean values with standard error of the mean. A total of 29 patients had data available 
at both time points and were included in the analysis (n = 13 SCLC; n = 16 MPM). ns = not signif-
icant, * = p<0.05, ** = p<0.01
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We subsequently analyzed whether treatment with lurbinectedin also affected 
lymphocytes. The treatment did not result in changes in the proportions of CD4+ 
and CD8+ T cells, NK cells and NKT cells within the lymphocyte compartment in 
both SCLC and MPM patients (data not shown). Next, proliferation was assessed 
by Ki67 expression, a cell cycle marker expressed by dividing or recently divided 
cells. Lurbinectedin increased the frequencies of Ki67+ proliferating cells within the 
CD4+ and CD8+ T cell populations specifically in SCLC patients (Fig. 3A), and of NK 
and NKT cells in both SCLC and MPM (Fig. 3B). This increase in proliferation was 
independent of clinical response (Data Supplement Fig. 4A-B). We also examined 
whether differences in the proliferation of CD8+ T cells prior to treatment could help 
identify patients with longer PFS under lurbinectedin. Log rank test revealed that 
SCLC patients with a higher proportion of CD8+ proliferating T cells (cut-off based on 
the median proportion) at screening, had a significantly longer PFS upon lurbinectedin 
(mPFS: 4.7 vs. 2.1 months, p = 0.04) (Data Supplement Fig. 4C)

We also investigated different T cell subsets. (Data supplement Figure 5A and 5B) 
Even though proliferating CD4+ and CD8+ T cells and TEM cells were increasing upon 
treatment in SCLC, no correlation was noted between the decrease of classical 
monocytes and the increase of proliferating CD8+ total, CD8+ TEM, CD4+ total or CD4+ 
TEM cells in SCLC (Data Supplement Fig. 6).

In addition to T cell proliferation, we assessed the expression of a variety of co-
stimulatory and –inhibitory receptors on circulating T cells (Fig. 3C). The frequency 
of both CD4+ and CD8+ T cells that expressed the co-receptor CD28 slightly, but 
significantly, increased upon treatment in patients with SCLC, indicating that 
lurbinectedin induced T cell activation. Contrary to CTLA-4 which was significantly 
increased upon treatment in CD4+ T cells in patients with MPM only, the inhibitory 
receptor TIM-3 changed with similar dynamics both on CD4+ and CD8+ T cells and 
both in SCLC and MPM (Fig. 3C). These findings suggest that lurbinectedin induced 
a two-side alteration of the circulating T cell phenotype, with upregulation of co-
stimulatory receptors being counterbalanced by contemporary upregulation of 
co-inhibitory markers. These findings should help the implementation of rational 
combination therapies.

166414_Cantini_BNW-def.indd   190166414_Cantini_BNW-def.indd   190 3-5-2023   20:18:453-5-2023   20:18:45



191

Clinical activity and immune-modulatory functions of lurbinectedin

Figure 3. Lurbinectedin modulates proliferation and alters phenotype of circulating lymphocyte 
subsets. A: Percentage of Ki67+ CD4+ T cells, CD8+ T cells, NK and NKT cells, at screening and 
on-treatment time points in small cell lung cancer (SCLC) patients. B: Percentage of Ki67+ CD4+ 
T cells, CD8+ T cells, NK and NKT cells, at screening and on-treatment time points in malignant 
pleural mesothelioma (MPM) patients. C: Heatmap, graphs and (representative) histograms 
showing mean percentage of change and paired analyses of co-stimulatory and co-inhibitory 
receptor expression during lurbinectedin in SCLC and MPM patients. Wilcoxon matched-pairs 
signed rank tests or Student’s t-tests were performed to calculate statistical significance. Paired 
samples are shown connected by black lines. Bars depict mean values with standard error of 
the mean. A total of 29 patients had data available at both time points and were included in 
the analysis (n = 13 SCLC; n = 16 MPM). ns = not significant, * = p<0.05, ** = p<0.01, *** = p<0.001.
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Discussion

To the best of our knowledge, this is the first prospective real-world dataset from 
patients with SCLC and MM treated with lurbinectedin mostly as third or further-line 
treatment.

When comparing our real-world data to the clinical trials in SCLC and MM, our results 
are inferior (Table 3).[6,8,14] This result is expected considering that our unselected 
and heterogeneous patient cohort represented a more frail and more heavily pre-
treated population.

Table 3. Main efficacy outcomes in SCLC and MPM patients treated with lurbinectedin 
monotherapy in the context of phase 2 trials and in the Erasmus MC real-world experience.

Trigo et al.
(SCLC)

Dumoulin et al. 
(SCLC)

Metaxas et al./Mark et al. 
(MPM)

Dumoulin et al. 
(MPM)

Patient number 105 43 42 52

Treatment line 2-3 3-4 2-3 2-3

Median follow-up 17·1 months 7·2 months 32.8 7·3 months

Median pts CFI 3·5 months 1·9 months unknown 1·6 months

DCR 12 weeks 68% 28% 52% 29%

ORR 12 weeks 35% 16% 4% 0%

Median PFS 3·5 months 1·5 months 4·1 months 2·8 months

Median OS 9·3 months 7·0 months 11·5 months 7·2 months

Abbreviations: CFI, chemotherapy-free interval; DCR, disease control rate; ORR, overall response rate, PFS, 
progression-free survival; OS, overall survival.

Comparing the results of lurbinectedin in our real-world SCLC cohort with those 
obtained with topotecan, which is the standard of care according to the guidelines 
after failure of first-line chemotherapy[15], we found a promising ORR of 16% in 
our cohort compared to 5% (for chemotherapy-refractory disease) and to 17% (for 
chemotherapy-sensitive disease) with topotecan. Of note, this relatively high response 
rate in our patients was seen despite of the fact that the patients were heavily pre-
treated and largely being pre-treated with topotecan as second-line treatment.

Recently, in the randomized phase 3 ATLANTIS study, the combination of lurbinectedin 
(at a 2 mg/m2 dosage) with doxorubicin as second-line treatment for SCLC did not 
improve OS when compared to topotecan or cyclophosphamide/doxorubicin/
vincristine (CAV)[16]. However, the safety profile of lurbinectedin was better and a 
model developed by investigators (based on exposure-response analysis) predicted 
that usage of single-agent lurbinectedin at 3.2 mg/m2 (its approved dose) would 
have yielded significantly higher response rates and significantly longer survival. 
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In this context, our real-world clinical data offer further support for the efficacy of 
lurbinectedin in thoracic neoplasms.

Combinations of lurbinectedin with other cytotoxic agents or ICI are being explored 
based on the hypothesized immunological effects of lurbinectedin (NCT04358237, 
NCT04610658, NCT04253145, NCT02611024). We further explored this immune 
modulating effect in patients. Our study, by using comprehensive immune monitoring, 
demonstrated that lurbinectedin induces a relative reduction of circulating classical 
monocytes. These effects on the myeloid compartment have not been previously 
reported in patients, and further deepen previous pre-clinical observations showing 
that lurbinectedin induces a dose- and time-dependent death in cultured monocytes 
and monocytic myeloid derived suppressor cells (Mo-MDSC).[17] Our study showed 
that despite lurbinectedin-mediated depletion of classical monocytes, only patients 
with SCLC with lower frequencies of classical monocytes prior to start of treatment 
seem to benefit, while patients with MPM seemed not to be affected, to signify 
that different (immunological) mechanisms might also play a role in response to 
lurbinectedin.

Looking at modulation of the lymphoid subset, in this study lurbinectedin was found 
to increase proliferation of CD4+ and CD8+ T cells specifically in patients with SCLC, 
and of NK- and NKT- cells in both SCLC and MPM. This proliferation was irrespective 
of clinical response, which can be ascribed to a number of mechanisms, but open 
the field of research by combining lurbinectedin with other immune modulating 
agents. This is supported by the effect found on the circulating T- cell phenotype, 
with both activation (CD28 on CD4+ T cells in SCLC) and inhibitory markers (CTLA-4 
on CD4+ T cells in MPM, and TIM-3 on CD4+ and CD8+ T cells in both SCLC and MPM) 
being upregulated upon treatment. The increased expression of these markers on 
lymphocytes following lurbinectedin suggests that the combination of lurbinectedin 
with immunotherapy might be efficacious[18]. In our study, alteration of T cell 
phenotype involved different markers and was dependent on tumor type, suggesting 
that development of future combinational therapy should come along with in-depth 
immune-monitoring investigations.

Noteworthy, neither T cell proliferation nor the activation phenotype related to 
monocytes frequencies. These findings are in line with previous observations from 
our group showing that depletion of TAM is not sufficient per se to enhance CD8+ 
T cell proliferation and effector phenotype, and combination with other type of 
immunotherapies such as dendritic cell vaccination is needed to improve T cell 
memory responses and consequentially survival.[13]

Apart from this, the observed increase of T cell proliferation (TEM cells specifically) 
may be an indirect result of the cytotoxic effect from lurbinectedin on tumor cells 
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(probably involving an increased release of tumor-derived antigens) rather than a 
direct drug-mediated modulation of immune cells.

Despite its prospective design and the use of an extensive cohort of SCLC and MPM 
for the immune monitoring analysis, this study has some limitations. Because this 
study is not a randomized controlled trial, there is no control group. The absence 
of a control group precludes formal conclusions to be made on the immune-
modulatory functions of lurbinectedin that should be considered exploratory and 
need confirmation in the context of larger randomized trial. However, most of the 
immune-related changes were observed early on treatment (6 weeks), making tumor 
response/progression less likely responsible for the observed modifications.

Furthermore, the widespread effects of lurbinectedin on a variety of immune cells 
in vivo, the absence of available tissue sample and the lack of functional in vitro data, 
precludes us to provide clear mechanistic insights about how lurbinectedin may 
modulate the anti-tumor immune response.

Nonetheless, our real-world data confirmed activity of lurbinectedin in a cohort of 
heavily pre-treated SCLC and MPM patients. Lurbinectedin monotherapy appears 
to be an alternative therapeutic option of interest for these patients with a dismal 
prognosis of which the efficacy might be positively influenced by the combination 
with other agents, based on the results of our exploratory study. In fact, our study 
suggests that lurbinectedin might have immune-modulatory functions by promoting 
proliferation and phenotype shifting of anti-tumor immune cell populations, making 
lurbinectedin an interesting chemotherapy backbone on which to build better 
immunotherapy combination options for patients with SCLC and MPM.
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Supplemental methods

Eligibility criteria, study procedures and outcomes

Eligible patients were adults (≥18 years old) with either pathologically proven and 
unresectable small cell lung cancer (SCLC), progressing after at least one platinum-
etoposide chemotherapy, or patients with histologically confirmed malignant pleural 
mesothelioma (MPM) and progression during or after at least one course of platinum-
pemetrexed chemotherapy. All eligible patients had to have an Eastern Cooperative 
Oncology Group (ECOG) performance status of ≤2, adequate hematological, renal, 
metabolic, and hepatic function, no active uncontrolled infection or symptomatic, 
steroid-requiring, or progressive central nervous system involvement. Unfit patients 
or those who refused systemic treatment were not included in the trial and were 
candidate to best supportive care.

Lurbinectedin was given intravenously at a dose of 3·2 mg/m2 every 3 weeks until 
progression or unacceptable toxicity. Dose reductions were performed in steps 
of 0·6 mg/m2, with a minimal dose of 2·0 mg/m2. Antiemetic prophylaxis using 
corticosteroids and, if needed, 5-HT3 antagonists were administered before every 
cycle of lurbinectedin.

Clinical data of the patients was collected from the digital patient register. The 
following variables were collected and used for analysis: diagnosis (for MM also 
histologic subtype: non-epithelioid vs. epithelioid), date of the first diagnosis, age, 
gender, ECOG performance score at the start of treatment, line of treatment, response 
to previous anti-cancer therapy, the start date of lurbinectedin, chemotherapy-free 
interval (CFI) since the last cycle of chemotherapy or interval since the last cycle 
of systemic treatment until the start of lurbinectedin (≥90 days vs. <90 days), best 
response to lurbinectedin, date of progression after the start of lurbinectedin, date 
of death, toxicities requiring dose delay or reduction, and onset of neutropenia.

Radiological tumor assessment was performed at baseline and every 2 cycles after 
the start of treatment using computed tomography (CT) using Response Evaluation 
Criteria in Solid Tumors (RECIST) v.1.1 for patients with SCLC and modified RECIST 
v.1.1 for patients with MPM. Blood was drawn at baseline and on treatment time 
points in EDTA tubes and processed. In those patients who gave informed consent, 
peripheral blood mononuclear cells (PBMCs) were purified from whole blood by 
density-gradient centrifugation (Ficoll Plaque™, GE Healthcare, Chicago, IL, USA) and 
cryopreserved before analysis.

Progression-free survival (PFS) was defined as the time interval from the first 
lurbinectedin administration until the earliest date of clinical or radiological 
progression or death from any, whereas overall survival (OS) was accounted from 
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the date of the first lurbinectedin administration until patient death from any cause 
(censored at the last tumor assessment date for patients who were alive at the time 
of data cut-off). The objective response rate (ORR) was defined as the proportion of 
patients who had a partial (PR) or complete response (CR) to therapy at 12 weeks of 
treatment, whereas the disease control rate (DCR) was defined as the percentage 
of patients who achieved a CR, PR, or stable disease (SD) at 12 weeks of treatment. 
Adverse events (AEs) were graded using the National Cancer Institute-Common 
Terminology Criteria for Adverse Events (CTCAE) v.5.0.

Fluorochrome-conjugated antibodies are listed in Data Supplement Table 1. Cells 
were first stained for membrane markers. Secondly, cells were stained with Fixable 
Viability Dye, followed by fixation and permeabilization using the FoxP3 Transcription 
Factor Staining Buffer Set (both eBioscience, ThermoFisher, Waltham, MA, USA). 
Subsequently, intracellular proteins were stained and FACS acquisition was performed 
on a FACSymphony A5 using BD FACSDiva software (both BD Biosciences, Franklin 
Lakes, NJ, USA). Data were analyzed using FlowJo software (Tree Star, Ashland, OR, 
USA). The gating strategy can be found in Data Supplement Figure 1.

Statistical analysis

All statistical analyses were executed using Graphpad Prism software (Graphpad 
Software Inc., San Diego, CA, USA) and R software version 3.6.1. The demographic 
and baseline characteristics of patients are depicted by the descriptive statistics. 
Categorical variables were presented as absolute and relative frequencies and 
numerical variables as median (range or interquartile range [IQR]). Median PFS and 
OS and their fixed-time estimations were estimated according to the Kaplan-Meier 
method (with corresponding 95% confidence intervals ([CI]) and were compared using 
a log-rank test. Associations between covariates and time-to-event outcomes (i.e. 
PFS and OS) were analyzed with univariate Cox proportional hazards models, while 
associations between clinical covariates and objective response rate (ORR) and 
disease control rate (DCR) were analyzed with univariate logistic regression analyses. 
Safety outcomes were described as counts and percentages.

For longitudinal analysis of blood samples (baseline vs on treatment), Wilcoxon signed 
rank tests (non-parametric, paired data) and Student’s t test (parametric, paired data) 
were used. Only when the paired sample was available, the samples were included 
in the analyses. P-values less than 0.05 were considered statistically significant.

166414_Cantini_BNW-def.indd   198166414_Cantini_BNW-def.indd   198 3-5-2023   20:18:463-5-2023   20:18:46



199

Clinical activity and immune-modulatory functions of lurbinectedin

Supplemental results

Immunological phenotyping

When we investigated different T cell subsets (see for gating: Data Supplement 

Figure 1), lurbinectedin was found to significantly increase the proliferation of CD4+ 
central memory (TCM) and effector memory (TEM) T cells and of CD8+ TEM cells 
among SCLC (Data Supplement Figure 5A). In MPM, lurbinectedin increased more 
specifically the proliferation of CD4+ TEM cells, while CD8+ T cell subsets were not 
significantly affected (Data Supplement Figure 5B).

Supplemental Table 1: Antibodies used for flow cytometry staining.

Antibody Fluorochrome Manufacturer CAT
number

CD45RA
CD3
CD4
CD8
CCR7
CD56
CD28
CD137/4-1BB
PD-1
HLA-DR
ICOS
Human TruStain
Aqua L/D
Ki-67
TCF1
LAG-3
TIM-3
CD39
TOX
CTLA-4
CD16
PD-L1
CD56
CD15
CD3
CD19
CD20
CD86
CD137L
CD11c
CD123
CD14
strep
IRF4
IRF8
Granzyme B
FoxP3
IL-10
TNFa
IL-2
IFN-y

PE-TxR
APC-Cy7
BV785
AF700
BV412
BV605
Pe-Cy7
PerCP-Cy5.5
APC
BV711
BV650

BV510
FITC
PE
Pe-Cy7
BV650
BV711
PE
PerCP-Cy5.5
Fitc
PE-CF594
Pe-Cy7
APC
AF700
AF700
AF700
bio
BV421
BV605
BV650
BV785
APC-Cy7
PE
PerCp-Cy5.5
FITC
PE
Pe-Cy7
PerCP-Cy5.5
BV650
BV711

Life technologies
Invitrogen
BD
Biolegend
Biolegend
BD
Biolegend
Biolegend
Biolegend
BD
BD
Biolegend
eBioscience
Invitrogen
Biolegend
Biolegend
Biolegend
BD
Miltenyi
Invitrogen
BD
BD
BD
Biolegend
eBioscience
Invitrogen
BD
BD
BD
Biolegend
BD
BD
Invitrogen
Invitrogen
Invitrogen
Biolegend
Invitrogen
Biolegend
Invitrogen
BD
BD

MHCD45RA17
47-0038-42
563877
344724
353208
562780
302926
309814
329908
563696
563832
422302
65-0866-14
11-5699-42
655208
369310
345028
563680
130-120-716
46-1529-42
555406
563742
557747
301908
56-0038-82
56-0199-42
560631
555656
744392
301636
563405
563699
47-4317-82
12-9858-82
46-9852-82
372205
12-4777-42
501420
45-7345-42
563467
564039
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Supplemental Table 2: Univariable analysis of PFS, OS and DCR (at 12 weeks) for clinically 
important factors in patients with small cell lung cancer.

Parameter PFS OS DCR

HR 95% CI P HR 95% CI P OR 95% CI P

ECOG PS (≥1 vs 0) 0·67 0·25-1·77  0·42 1·43 0·33-6·20 0·63 1·11 0·71-1·71 0·64

Age (>65 vs ≤65) 1·48 0·74-2·95 0·26 0·49 0·16-1·47 0·20 0·89 0·66-1·20 0·48

Gender (male vs female) 0·90 0·46-1·71 0·74 0·78 0·33-1·91 0·60 1·05 0·79-1·40 0·70

Line of treatment (≥4 
vs 3)

0·53 0·22-1·28 0·16 0·51 0·26-1·01 0·06 1·20 0·92-1·59 0·18

CFI (≥90 vs <90 days) 0·46 0·19-1·13 0·09 0·29 0·07-1·08 0·06 1·30 0·94-1·80 0·11

Time interval 
from diagnosis to 
lurbinectedin (>median 
vs ≤median)

0·36 0·18-0·73 <0·01 0·21 0·08-0·56 <0·01 1·24 0·94-1·63 0·12

LDH (>ULN vs ≤ULN) 1·45 0·74-2·84 0·27 1·00 0·40-2·51 0·98 0·90 0·67-1·20 0·48

Albumin (>median vs 
≤median)

0·92 0·46-1·84 0·82 0·66 0·26-1·64 0·37 1·10 0·81-1·50 0·51

Abbreviations: PFS, progression-free survival; OS, overall survival; DCR, disease control rate; ECOG PS, 
Eastern Cooperative Oncology Group performance score; CFI, chemotherapy-free interval; LDH, lactate 
dehydrogenase.

Supplemental Table 3: Univariable analysis of PFS, OS and DCR (at 12 weeks) for clinically 
important factors in patients with malignant pleural mesothelioma.

Parameter PFS OS DCR (at 12 weeks)

HR 95% CI P HR 95% CI P OR 95% CI P

ECOG PS (≥1 vs 0) 1·26 0·56-2·83 0·57 2·22 0·73-6·76 0·16 1·07 0·75-1·53 0·70

Age (>65 vs ≤65) 0·35 0·17-0·72 <0·01 1·37 0·51-3·64 0·52 1·37 1·01-1·84 0·04

Gender (male vs female) 0·27 0·11-0·67 <0·01 0·75 0·22-2·52 0·64 1·44 0·97-2·13 0·08

Histologic subtype 
(non-epithelioid vs 
epithelioid)

1·56 0·73-3·32 0·24 5·10 2·0-12·98 <0·01 0·88 0·62-1·25 0·50

Line of treatment (≥3 
vs 2)

0·80 0·37-1·77 0·59 2·68 0·63-11·4 0·18 1·16 0·83-1·61 0·37

Time since last systemic 
treatment (≥90 vs. <90 
days)

0·84 0·41-1·72 0·64 0·64 0·26-1·6 0·35 1·01 0·74-1·39 0·90

Time interval 
from diagnosis to 
lurbinectedin (>median 
vs ≤median)

0·56 0·31-1·04 0·07 0·70 0·32-1·50 0·36 1·29 0·99-1·68 0·06

Albumin (>median vs 
≤median)

0·74 0·39-1·40 0·36 0·62 0·27-1·42 0·26 1·14 0·86-1·52 0·34

Abbreviations: PFS, progression-free survival; OS, overall survival; DCR, disease control rate; ECOG PS, 
Eastern Cooperative Oncology Group performance score
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Supplemental Table 4: Treatment dose reductions, delays, and discontinuation on lurbinectedin.

SCLC (n=43) MPM (n=52)

Treatment dose reductions, No. (%) 8 (19) 18 (35)

 Hematological toxicity 3 (7) 6 (12)

 Fatigue/QoL deterioration 4 (7) 10 (19)

Treatment delays, No. (%) 6 (14) 17 (33)

Treatment discontinuationa, No. (%) 2 (5) 8 (15)

 Hematological toxicity 0 (0) 2 (4)

 Fatigue/QoL deterioration 2 (5) 6 (12)

aTreatment discontinuation caused by disease progression is not taken into account for this estimate.
Abbreviations: SCLC, small cell lung cancer; MPM, malignant pleural mesothelioma; QoL, quality of life.

Supplemental Table 5: Patient and disease baseline characteristics of patients included in 
the immune monitoring study.

Characteristic SCLC (n=20) MPM (n=19)

Median age, years (range) 65 (56-77) 73 (58-79)

Gender, male, No. (%) 9 (45) 17 (89)

Median time from diagnosis to start of lurbinectedin, months 
(IQR)

14.0 (11.0-22.8) 13.0 (10.4-26.3)

Smoking status, No. (%)

Former/current 12 (60) 11 (58)

Never 1 (5) 3 (16)

Unknown 7 (35) 5 (26)

ECOG PS at start of lurbinectedin, No. (%)

 0 2 (10) 3 (16)

 1 17 (85) 12 (63)

 ≥2 0 (0) 1 (5)

 Unknown 1 (5) 3 (16)

Histological subtype, No. (%)

 Epithelioid NA 17 (90)

 Mixed/Sarcomatoid NA 1 (5)

 Peritoneal mesothelioma (epithelioid) NA 1 (5)

Previous line(s) of treatment, No. (%)

 1 0 (0) 6 (32)

 2 12 (60) 9 (47)

 ≥3 8 (40) 4 (21)

Prior immunotherapy, No. (%) 2 (10) 43 (83)
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Supplemental Table 5: Patient and disease baseline characteristics of patients included in 
the immune monitoring study.

Characteristic SCLC (n=20) MPM (n=19)

Time since last cycle of systemic treatment, months (range) 1.9 (0.8-7.4) 1·6 (0·8-21·2)

<90 days 18 (90) 13 (68)

≥90 days 2 (10) 6 (32)

Unknown 0 (0) 0 (0)

Response to lurbinectedin, No. (%)

PD 13 (65) 12 (63)

SD 3 (15) 7 (37)

PR 3 (15) 0 (0)

Unknown 1 (5) 0 (0)

Abbreviations: SCLC, small cell lung cancer; MPM, malignant pleural mesothelioma; IQR, Interquartile range; 
ECOG PS, Eastern Cooperative Oncology Group performance score; PD, progressive disease; SD, stable 
disease; PR, partial response.
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Supplemental Figures

Supplemental Figure 1. Gating strategies. A: Gating strategy for the circulating myeloid sub-
sets. B. Gating strategy for NK cells, NKT cells and T cells. C: Gating strategy for CD4+ T cell 
and CD8+ T cell subsets.
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Supplemental Figure 2. No differences in progression-free survival (PFS) between immuno-
monitored patients and the complete cohort. A: PFS of small cell lung cancer patients included 
in the immune monitoring study (blue) vs all (red). B: Progression-free survival (PFS) of malignant 
pleural mesothelioma patients included in the immune monitoring study (blue) vs all (red). 
Significance was determined using the log rank test.

Supplemental Figure 3. Kaplan–Meier analysis showing differences in progression-free sur-
vival between SCLC patients exhibiting a lower (red) or higher (blue) proportion of classical 
monocytes prior to treatment.
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Supplemental Figure 4. Lurbinectedin effect on proliferation of circulating lymphocytes is 
independent of clinical response. A: Comparison between small cell lung cancer (SCLC) pa-
tients with partial response (PR), stable disease (SD) and progressive disease (PD) for the per-
centage of Ki67+ CD4+ T cells, CD8+ T cells, NK- and NKT cells, at screening and on-treatment 
time points. B: Comparison between malignant pleural mesothelioma (MPM) patients with 
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partial response (PR), stable disease (SD) and progressive disease (PD) for the percentage of 
Ki67+ CD4+ T cells, CD8+ T cells, NK- and NKT cells, at screening and on-treatment time points. 
Wilcoxon matched-pairs signed rank tests or Student’s t-tests were performed to calculate 
statistical significance. Paired samples are shown connected by black lines. Bars depict mean 
values with standard error of the mean. A total of 29 patients had data available at both time 
points and were included in the analysis (n = 13 SCLC; n = 16 MPM). Only significant differences 
are indicated. * = p<0.05. C: Kaplan–Meier analysis showing differences in progression-free 
survival between patients exhibiting a higher (blue) or lower (red) proportion of Ki67+ CD8+ T 
cells prior to treatment. 15 lurbinectedin-treated SCLC patients were included in the analysis, 
and log-rank test was applied.

Supplemental Figure 5. A: Percentage of Ki67+ CD4+ T cell subsets and CD8+ T cell subsets, at 
screening and on-treatment time points in SCLC patients. B: Percentage of Ki67+ CD4+ T cell 
subsets and CD8+ T cell subsets, at screening and on-treatment time points in MPM patients.
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Supplemental Figure 6. T cell proliferation does not relate to monocytes frequencies in SCLC 
patients. A: Correlation between the decrease of classical monocytes and the increase of 
proliferating CD8+ T cells. B: Correlation between the decrease of classical monocytes and the 
increase of proliferating CD8+ effector memory T cells. C: Correlation between the decrease of 
classical monocytes and the increase of proliferating CD4+ T cells. D: Correlation between the 
decrease of classical monocytes and the increase of proliferating CD4+ effector memory T cells.
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Introduction

Malignant pleural mesothelioma (MPM) is an uncommon but aggressive neoplasm 
with low survival rates. For patients with early stage - resectable MPM the role of 
radical surgery remains controversial and multimodal treatment might improve 
patients’ prognosis. Dendritic cell therapy (DCT) with Mesopher proved to be safe 
and yielded promising results in patients with MPM, with single agent radiological 
activity1–3, representing the rationale for a combined (neo)adjuvant approach with 
extended pleurectomy/decortication (eP/D) surgery.

Trial design

This open label, single center, phase I study will evaluate the feasibility of DCT with 
Mesopher performed before and after eP/D in patients with resectable epithelioid 
MPM. Safety and immunological effects of (neo)adjuvant DCT will be determined. 
Sixteen adult patients diagnosed with resectable epithelioid MPM will be enrolled 
following first-line chemotherapy. Before standard-of-care chemotherapy, a 
leukapheresis will be performed from which monocytes will be isolated and used 
for further differentiation into DCs. Hereafter, the DC will be loaded with allogeneic 
MPM tumor cell line lysate (Pheralys) and maturated using the Jonuleit cytokine 
cocktail (Figure 1).
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Figure 1. Mesopher production process.

The subsequently formulated drug product (Mesopher) will be re-injected 4 weeks 
after completing chemotherapy, 2 times every other week. Four weeks after the first 
injection with DCT, patients will undergo eP/D surgery followed by three bi-weekly 
injections with DCT, starting 4 weeks after surgery. In total, five DC vaccinations will 
be administered (Figure 2).

Figure 2. Study procedures and timeline.

8
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Tumor material will be collected before starting neo-adjuvant DCT and at time of 
surgery. Tumor-specific immune activation will be investigated on both tumor material 
and peripheral blood samples prior and post DCT by using flow cytometry, imaging 
mass cytometry, and T-cell receptor (TCR) repertoire analysis. The trial is active at 
the Erasmus MC, Rotterdam (NL), enrolling patients since January 2022.

Study objectives

Primary objective: To assess whether (neo)-adjuvant DCT with Mesopher is feasible 
in resectable epithelioid MPM patients after first-line chemotherapy.

Secondary objectives: Safety, efficacy (as measured by progression free and overall 
survival).

Exploratory objective: Determine the anti-tumor immune response induced by 
(neo)adjuvant DCT. Tumor-specific immune activation will be investigated on both 
tumor material and peripheral blood samples prior and post DCT by flow cytometry, 
multiplex immunofluorescence, and T-cell receptor (TCR) repertoire analysis.

Study population

Inclusion criteria

✓ Histologically confirmed diagnosis of epithelioid MPM.
✓ Resectable disease defined by stage cT1-3, N0-1, M0 (I to IIIA)
✓ Eligibility for 2 to 4 cycles of platinum-based chemotherapy.
✓ Fit to undergo an eP/D with optional removal of hemidiaphragm and pericardium.
✓ Tumor tissue available after completing chemotherapy and before starting 

treatment with DCT.
✓ Adequate bone-marrow, renal, and liver function.
✓ ECOG performance status of 0 or 1.

Exclusion criteria

✓ Clinical or radiological invasion of mediastinal structures and widespread chest 
wall invasion (stage T4). Involvement of N2 nodes.

✓ Stage IV (metastatic disease).
✓ Any different histology from the epithelioid MPM.
✓ Unavailability of tumor tissue after completing chemotherapy. 
✓ Use of >10 mg of prednisolone or equivalent/day (or other immunosuppressive 

agents)
✓ Prior treatment of any kind for MPM.
✓ Any previous malignancy.
✓ Major surgical procedure in the last month.
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Sample size calculation

The primary objective of the study is to determine the feasibility of applying MesoPher 
as neo-adjuvant and adjuvant therapy in combination with eP/D in MPM patients.

Providing a specific statistic calculation assessing the number of patients to prove 
feasibility is hard to achieve. We will start enrolling 16 MPM patients. By doing this, 
we will be able to estimate a compliance rate of 43% to within a 95% confidence 
interval of +/-24%.

Trial identification: nct05304208

Case report

The first patient treated with (neo)adjuvant DCT (Mesopher) and eP/D is a 52-years 
old female patient. Her history started in October 2021, when she presented to 
our attention with dyspnea, reporting idiopathic recurrent pneumonia since a few 
months. The patient had no relevant medical history except for a hysterosalpingo-
oophorectomy in 2000 and no known asbestos exposure. Based on CT findings, 
she underwent a video-assisted thoracoscopic surgery (VATS) biopsy on the right 
pleura and was diagnosed with epithelioid mesothelioma. The PET scan confirmed 
moderate (18)F-fluorodeoxyglucose (FDG) accumulation on the right pleura with 
pleural effusion.

Since surgeons deemed the tumor resectable and the patient fit to receive an 
extended operation, she was eligible for the ENSURE trial and was included in 
December 2021.

The patient underwent leukapheresis without any complications. According to 
protocol, she received 4 courses of cisplatin-pemetrexed chemotherapy as per 
standard of care. Because of worsening of renal function cisplatin was shifted to 
carboplatin on the fourth course. The CT scan performed at the end of chemotherapy 
revealed a stable disease. To gain pre-DC treatment tumor material, a new VATS 
biopsy was performed as per study design. Renal function gradually improved 
after interruption of chemotherapy and the two neoadjuvant DC vaccinations were 
administered one week and three weeks after the VATS procedure. This was followed 
by a delayed skin testing (as per protocol) for translational purposes. The patient 
was then referred to surgery within the predefined timeline. eP/D was performed 
without complications and the patient was discharged after 6 days. The pathologic 
examination revealed epithelioid mesothelioma on both visceral and parietal pleura 
and showed limited therapy effect. Translational research on the pre- and post-DCT 
tumor samples is ongoing. After surgery, the patient received adjuvant treatment with 
three DC vaccinations without treatment-related delay. No severe toxicity developed 

8
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during DC vaccination. The only DC-related adverse events consisted of fever, cold 
chills, malaise, and injection site reactions (i.e. erythema, induration, and itching), all 
limited to CTCAE grade 1 toxicity. At the post-surgical radiological evaluations, no 
signs of disease recurrence were observed. After more than 12 months since trial 
inclusion, the patient is still in good medical conditions (ECOG PS 1) and no signs of 
relapse have emerged. DCT with Mesopher resulted feasible and safe in this patient 
as she completed neo-adjuvant plus adjuvant DCT (5 administrations in total) and 
surgery within the predefined timeline and without extended treatment-related delay. 
As per study protocol, a 6th and a 7th optional DC vaccination will be planned in the 
next months according to patient conditions.
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Since the discovery of oncogenic driver mutations which are implicated in the 
development and propagation of cancer, drug development in oncology has 
shifted towards a “personalized medicine” approach. Differently from traditional 
chemotherapy, new targeted agents have been specifically investigated and 
approved for patients whose tumors harbors specific genomic alterations. One 
example is represented by targeted therapies in non-small cell lung cancer (NSCLC) 
patients with activating mutations in EGFR, BRAF, and rearrangements in ALK and 
ROS11. In the last decade, the advent of immune check-point inhibitors (ICIs) has 
deeply reshaped the treatment paradigm of lung cancer and mesothelioma, leading 
to a Renaissance of immunotherapy with a consistent survival benefit across different 
indications. However, the number of clinical trials in this new field has often outpaced 
researchers’ ability of tailoring the right immunotherapy for the right patient. So far, 
PD-L1 expression represents the only biomarker which help patient selection for ICI 
treatment in clinical practice2, yet its adoption comes along with many pitfalls related 
to test and tumor heterogeneity and could not be extended besides NSCLC to small 
cell lung cancer (SCLC) or malignant pleural mesothelioma (MPM). The development 
of smart immunotherapy combinations has also been hampered by the design of 
clinical trials with little scientific rationale.

The main goal of this thesis was to assess the current impact of immunotherapy in 
terms of safety and effectiveness for lung cancer and MPM patients treated in the real-
world. In addition, by investigating a more holistic approach which takes into account 
not only tumor but also patient-related factors as determinants of response/toxicity 
we sought to inform a rational development of new immunotherapy combinations 
and finally improve the observed outcomes.

In Chapter 2 we discussed how the conduction of well-designed, biomarker-
driven clinical trials, represents a major challenge in cancer of rare incidence such 
as MPM. Too often, the scientific evidence supporting the implementation of new 
agents in this neglected disease was incomplete, mainly based on nonrandomized 
studies with surrogate endpoints not being replicated in the real-life context. Only 
by acknowledging MPM the inter- and intra-patient heterogeneity of this disease, 
which became clearer with a better appreciation of its pathobiology, we will be able 
to move beyond single immune check point inhibition in MPM (Chapter 3).

Although prone to selection bias in general, well designed cohort studies in 
real-world population provide researchers with more insights into the number of 
(treatment-related) adverse events and actual survival times. An example of data 
which can be abstracted from real-world analyses is illustrated in Chapter 4, where 
we confirmed that adopting an extended interval dosing (ED) of ICIs represents a 
safe and feasible approach across multiple cancer types. In Chapter 5, we looked at 
real-world clinical outcomes of nivolumab treatment in pre-treated MPM patients, 
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showing that objective response rate (ORR) and median overall survival (mOS) were 
lower compared to those reported in phase II trials.

In line with a number of studies which have reported a link between concomitant 
baseline medications and response to immunotherapy, in Chapter 6 we showed that 
statins are associated with better clinical outcome in MPM and advanced NSCLC 
patients treated with PD-1 inhibitors in an intensity-dependent manner.

Starting from a manageable safety profile and clinical activity of lurbinectedin in 
pre-treated patients with SCLC and MPM, in Chapter 7 we reported on the immune-
modulatory effect of this chemotherapy, as determined by the circulating immune 
profile of patients. The observed results make lurbinectedin a potential backbone 
for future immunotherapy combinations in SCLC and MPM. Finally, in Chapter 8, 
we proposed an alternative immunotherapy approach by using (neo)adjuvant DC 
vaccination (Mesopher) in resectable MPM patients.

Taken together, findings presented in this thesis reveal the complexity of the 
interaction between lung cancer, MPM and the immune system. Only interrogating 
cancer immunity through different available approaches (e.g. real-world data) and 
from a broader perspective (e.g. investigating patient-related factors) will likely 
increase physicians’ ability to select appropriate immunotherapy in the coming 
few years, moving further from the “one size fits all” approach. Below, we discuss 
the strengths and limitations of our research in the context of available literature to 
dissect the underpinnings of how immunotherapy constitute its effect and ultimately 
improve drug delivery for lung cancer and mesothelioma patients.

Tailoring immunotherapy for lung cancer and mesothelioma

Safety of new extending interval dosing of immune check point inhibitors
In the last couple of years, the number of indications for which ICIs have become 
available considerably extended. Expectations are high that ICIs will remain the 
cornerstone of many cancer treatments patients in the future. ICIs act by modulating 
endogenous regulatory immune mechanisms to enhance immune system activation 
against the tumor3,4. In some treated patients, this activation can occur broadly and 
relatively non-specific, leading to the onset of immune-related adverse events (irAEs). 
As irAEs can be life-threatening or even lead to death, a careful and tailored usage 
of ICIs is recommended to early identify patients at high-risk of toxicity as well as 
reduce or avoid severe irAEs. During clinical development of most of the approved 
PD-1 and PD-L1 inhibitors, the exposure–efficacy as well as the exposure–safety 
relationship was flat or nonsignificant over the dose ranges tested5. This made the 
pair with PK data reporting a low distribution outside the plasma compartment6,7, 
highlighting a comparable risk-benefit profile with ICIs between weight-based 

9
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and flat dosing and leading to FDA and EMA approvals of the latter. Flat doses are 
expected to shorten dosage preparation time, improve ease of administration, thus 
shortening patient waiting time. Recently, long life expectancy of patients treated 
with ICIs, high healthcare costs, together with the urge of reducing avoidable hospital 
admissions during COVID-19 crises8, led to an increasing interest in longer interval 
dosing ICI schedules. Based on additional PK exposure simulation and clinical trial 
data, adoption of flat ED ICIs, pembrolizumab 400 mg Q6W and nivolumab 480 mg 
Q4W, seemed to offer similar outcomes and safety compared with canonical interval 
dosing (CD) schedules (200 mg Q3W and 240 mg Q2W, respectively)9–11. For this 
reason, in the real-life setting an increasing percentage of patients have been shifted 
to (or treated upfront with) ED ICIs. A recently published real-world study, although 
performed in a limited cohort of 45 NSCLC patients12, reported the arising of new or 
worsening irAEs due to switching of pembrolizumab interval dosing from 200 mg 
Q3W to 400 mg Q6W. Contrary, in Chapter 4 we investigated a larger pan-cancer 
cohort of 835 patients and we confirmed that switching ICI monotherapy from CD to 
ED did not affect the safety profile, thus representing a safe and feasible option also 
outside of clinical trials. In the multicentre EDICI (“Extended interval Dosing in patients 
receiving Immune Checkpoint Inhibitors”) study, dermatitis, asthenia, and diarrhea/
colitis were the most common irAEs during ED, and only 6% of patients returned to CD 
after switching to ED. Showing a progressive reduction of toxicities after switching to 
ED, our study somehow corroborates previous observations indicating that prolonged 
ICI treatment does not lead to an increased cumulative toxicity11,13,14. Noteworthy, 
some irAEs during ED represented de novo toxicity, meaning that patients had not 
experienced any irAEs during CD. This fact reveals that the pathobiology of immune-
related toxicity might differ between the two schedules. In particular, 43% of any 
grade and 30% of G3/G4 irAEs occurred after only one ED administration, suggesting 
a special warning during the early cycles after switching probably due to a rapid 
change in peak concentrations (Cmax). Being aware of the occurrence of de novo 
toxicity and of the intrinsic limitations of a retrospectively collected dataset, our 
data will hopefully reassure physicians that ED schedules represent an important 
alternative for ICI treatment of cancer patients (including lung cancer and MPM where 
ICI is used up to 2 years). Beside representing a reasonable option during pandemic 
times when patients’ access to oncology departments were remodulated, the ED 
schedule will help reducing the so-called “time-toxicity”15, a concept introduced by 
Gupta et al. as the “time spent in coordinating care and in frequent visits to a health 
care facility (including travel and wait times)”16. So far, ED ICI adoption has been lower 
than expected17, probably because of a general inertia of prescribers and because of 
doubts regarding ED efficacy, given the criteria on which they have been approved. 
To further support ED adoption, investigations looking at the safety of this approach 
when used upfront (and compare it with upfront CD) as well as investigating ED 
effectiveness data outside of clinical trials are awaited. Strohbehn et al.17 looked at data 
from the Veterans Health Administration and, based on an intention-to-treat analysis, 
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they found no differences in time-to-treatment discontinuation (TTD) between CD 
and ED pembrolizumab. Although frequently used, the correlation between TTD and 
overall survival (OS) has not been confirmed for every cancer type18 and data from 
Strohbehn et al. need longer follow up and external validation. Nevertheless, these 
data are consistent with pharmacokinetic, pharmacodynamic, and single-arm clinical 
trial findings and complement our safety data, suggesting the near-equivalence of 
CD vs ED ICIs. As the two dosing regimens are equally effective, physicians should 
encourage a tailored and patient-centred approach19. On a broader perspective, this 
should take into account not only the impact on individual patients but also on the 
global health system. Using an ICI flat dosing might not always represent the most 
sustainable choice, as it results in an excess of 25% to 40% in drug dose and of 25% 
increase in drug costs compared to body weight–based dosing20. The best strategy 
would imply to improve the cost-effectiveness of ICI therapy while preserving efficacy, 
safety, and quality of life for the patients. To this extent, our group at the Erasmus MC 
Cancer Institute has proposed a hybrid dosing, which combines weight-based dosing 
with the registered fixed-dose as a maximum dose (dose cap). This approach leads 
to a sharp cost reduction (Table 1) and can be even improved when vial sharing and 
(electronic) rounding on whole ampoules are adopted. When implemented globally, 
through the mean of well-designed pharmacoeconomic studies, this novel strategy 
could potentially save billions of dollars to our health systems21.

9
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Table 1. Overview of ICI hybrid dosing regimens and potential savings.

Drug FDA.EMA Approved dose Hybrid dosing % Savings

Pembrolizumab Q3W:
2 mg/kg
200 mg

Q3W:
<65 kg 100 mg
>65 kg 150 mg*

~22%Q6W:
400 mg

Q6W:
<65 kg 200 mg
35-90 kg 300 mg
>90 kg 400 mg

Nivolumab Q2W:
3 mg/kg
240 mg

Q2W:
3 mg/kg max. 240 mg**

~10%Q3W:
360 mg

Q3W:
4,5 mg/kg max. 360 mg**

Q4W:
480 mg

Q4W:
6 mg/kg max. 480 mg**

* With vial sharing
** With rounding of <10% of calculated dose on whole ampules
N.a.= no available

Real world effectiveness of immune check point inhibitors
Unlike other solid tumors (including NSCLC), a promising actionable oncogenic driver 
with therapeutic impact has never been identified in MPM (Chapter 2). For this reason, 
treatment of this rare neoplasm has never shifted towards a “personalized medicine” 
perspective22. After the introduction of single immune check point inhibition in the 
treatment armamentarium of lung cancer, researchers have attempted to replicate the 
same results in the setting of MPM, yet findings have been conflicting and inconsistent. 
As discussed in Chapter 3, tumor responses have been variable and most importantly 
unpredictable. In particular, initial results from phase II studies with single ICI in pre-
treated MPM patients have not been confirmed in larger, randomized, phase III trials 
and in real-world analyses. Although the CONFIRM trial23 showed the superiority of 
nivolumab over supportive care, no survival differences were observed in the only 
randomized trial with active control24. In the phase III, open-label, PROMISE-meso 
trial, MPM patients pre-treated with platinum-based chemotherapy were randomized 
to receive either pembrolizumab 200 mg Q3W or institutional choice single-agent 
chemotherapy (gemcitabine or vinorelbine)24. At data cut-off for the primary end point 
analysis, no difference in progression-free survival (PFS) was identified. Median PFS 
was 2.5 months (95%CI: 2.1-4.2) for pembrolizumab versus 3.4 months (95%CI: 2.2-4.3) 
for chemotherapy (p = 0.76). To note, nearly four times more patients responded to 
immunotherapy (objective response rates (ORRs) were 22% with pembrolizumab vs 6% 
with chemotherapy, p = 0.004), but these responses were not translated into delayed 
progression or improved survival.
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In Chapter 5, we investigated the real-world clinical outcomes of nivolumab 
treatment in 107 pre-treated MPM patients included in the Dutch expanded access 
program. We observed an ORR of 10%, a mPFS of 2.3 months and a mOS of 6.7 months. 
Compared to clinical trials data24–27, our ORR and mOS were inferior, a fact that might 
be attributed to the lack of strict inclusion criteria in our analysis, which led to a less 
selected patient population. A recent metanalysis included our study among other 
13 aiming at identifying the efficacy of PD-1/PD-L1 monoclonal antibodies (mAbs) in 
chemotherapy pre-treated MPM patients. In a total of 888 patients, ORR and disease 
control rate (DCR) were 18.1% and 55.4%, while mPFS and mOS ranged from 2.1 to 5.9 
and from 6.7 to 20.9 months, respectively28. Although disappointing, these results 
should be put in the specific context of an orphan disease such as MPM. Following 
progression to first-line chemotherapy, standard treatments have repeatedly shown 
only modest efficacy, with ORR of 8.6%, DCR of 54.8%, mPFS and mOS of 3.4 and 7.8 
months, respectively29. As shown in Chapter 7, no tumor responses were registered 
in a real-world cohort of MPM pre-treated patients who received lurbinectedin, again 
confirming the poor performance of any therapy in this setting.

In MPM patients treated with nivolumab, we also observed a correlation between ORR 
and OS, with patients achieving partial response (PR) experiencing long-term survival. 
Although ORR has never been demonstrated to be a surrogate marker of survival 
in the context of MPM chemotherapy28 and different criteria for response evaluation 
such as mRECIST and iRECIST have been used across studies, duration of response 
has repeatedly resulted longer with ICIs (ranging from 11.1 to 15.2 months with single 
PD-1/PD-L1 inhibition in phase I-II trials)30. Therefore, careful statistical considerations 
should be adopted when evaluating immunotherapy before denying the validity of 
this approach. We hypothesize that the lack of significant survival benefit observed 
in the PROMISE-meso trial in terms of mPFS and mOS, despite a higher ORR, might 
be due to the limited number of patients achieving response combined with most 
patients experiencing early progression. In fact, if only a minority of patients (10–20%) 
respond to therapy, mPFS and mOS will not be influenced, as more than 50% of the 
patients will progress or die earlier according to the aggressive course of disease. 
Different endpoints able to capture benefit across the entire population (e.g., hazard 
ratios [HRs] over time and milestone survival), should be considered when designing 
clinical trials for single immune check point inhibition in MPM31,32.

The presence of a minority of long-term responders to ICIs in our study and in the 
PROMISE-meso underlines the importance to identify reliable predictive biomarkers 
in this setting to improve tailoring of the treatment. Besides that, two other options 
may be pursued to optimize the use of ICIs in MPM patients. The first one is to move 
ICIs toward the first-line setting, where the reinvigoration of the immune

9
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system may be stronger and more efficient, as proved by the Checkmate 743 trial 
which showed a significant improvement in OS of nivolumab plus ipilimumab 
(anti-PD1 and anti-CTLA4, respectively) versus platinum-based chemotherapy33. 
Moving immunotherapy to the (neo)adjuvant setting is even more promising, as 
surgically shrinking tumor size may potentially alleviate immune inhibition and 
T-cell exhaustion34. However, the OS benefit observed in the Checkmate-743 by 
using double check-point inhibition was not consistent in every subgroup, resulting 
lower in patients with epithelioid histology, and in those with tumors not expressing 
PD-L1. Therefore, second option may be to combine ICIs with agents other than 
immunotherapy. As epithelioid MPM is more chemo sensitive while ICIs conferred 
a striking survival advantage especially in non-epithelioid MPM, it is possible that 
chemo-immunotherapy confers a particular advantage for patients with epithelioid 
MPM. Three recent phase II trials have tested the combination of standard 
chemotherapy with ICIs as first-line treatment in MPM patients, showing response 
rates ranging from 48% and 78% with 65% to 92% of patients still alive at 1 year35–37 and 
leading to initiation of the phase 3 DREAM3R trial, which will determine the efficacy of 
adding durvalumab to cisplatin/carboplatin and pemetrexed38. These promising data, 
when compared to our study with single agent nivolumab, underline the importance 
of moving beyond single check point inhibition to prevent primary ICI resistance in a 
significant subset of MPM patients.

Moving beyond single immune check point inhibition

Revisiting the concept of tumor microenvironment: the role of drug repurposing
After an initial Renaissance, the new era of immunotherapy for lung cancer and MPM 
will necessarily rely on a tailored approach which builds upon proper biomarker 
selection and a more rational design of drug combinations. Thinking in terms of TME 
has helped to acknowledge the role of nongenetic and noncell-intrinsic factors in 
cancer development. However, the concept of a tumor macroenvironment or ‘tumor 
organismal environment’ (TOE)39 might better delineate the critical interactions that 
occur between the very local environment and the entire organism during cancer 
progression and that are needed for an effective anti-tumor immunity. Some of the 
shortcomings faced by immunotherapy in lung cancer and MPM may trace back to 
the fact that distant factors commonly excluded from the TME (extrinsic mechanisms 
of response/resistance) were not considered40. To this extent, the impact of host-
related factors on immunotherapy has begun to be explored, especially in the field 
of ICIs41–45.

Because of comorbidities, thoracic cancer patients are often already receiving 
different non-cancer medications at time of starting cancer therapy46. Besides 
pharmacodynamic and pharmacokinetic interactions, some concomitant medications 
could exert immunomodulatory effects both systemically and within the TME, 
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thus affecting the clinical outcomes of lung cancer and MPM treated with ICIs47,48. 
In Chapter 6, we found an association between baseline statin use and improved 
clinical outcomes in MPM and advanced NSCLC patients treated with PD-1 inhibitors. 
Interestingly, in our multicenter study this association was intensity-dependent, 
as use of high-intensity but not of low/moderate-statins led to better outcomes. 
Contrarily, no association between statins and outcome was found in the control MPM 
chemotherapy cohort. The association between statin use and improved outcomes 
has not always been consistent across cancer patients49–51. In a large cohort of 
patients with metastatic NSCLC and PD-L1 tumor expression ≥50% receiving first-line 
pembrolizumab monotherapy, Cortellini et al. did not find any association between 
baseline statins and improved outcomes52. However, this study did not report data 
on statin intensity (meaning the LDL-C lowering that should occur with the specific 
statin and dosage), which in our cohort proved to be essential in establishing their 
association with response to immunotherapy. Another study assessing outcomes of 
patients with advanced NSCLC, melanoma or renal cell carcinoma receiving PD(L)1 
inhibitors showed that baseline statin use was an independent predictor of improved 
ORR, but not with PFS and OS53. In our study, the association was more evident for 
MPM, where statin use independently correlated with better ORR, PFS, and OS than 
for NSCLC, where no significant difference in OS was found. Recently, Santoni et al. 
replicated our findings in a cohort of metastatic renal cell carcinoma patients treated 
with nivolumab. They found statin exposure to be associated with longer median PFS 
and OS in both patients aged ≥70 and <70 years old54.

Many pre-clinical studies support a potential role of statins in boosting the clinical 
activity of PD-1 inhibitors. Statins inhibit the production of cholesterol by interfering 
with the mevalonate pathway (MVP). MVP gene expression is in turn controlled 
by Sterol Response Element Binding Proteins (SREBPs), a family of transcription 
factors that are key regulators of cholesterol homeostasis55. In addition to a direct 
antiproliferative effect due to the interaction with key oncogenic molecules such as 
p53, MYC, and PI3K55, inhibiting the MVP also hinders prenylation, a posttranslational 
modification which leads to the addition of hydrophobic molecules, such as 
geranylgeranyl diphosphate (GGPP), to proteins56,57. In KRAS-mutant cancers, statin-
mediated inhibition of KRAS prenylation induced severe endoplasmic reticulum (ER) 
stress, enhancing the expression of ‘eat me’ signals and promoting immunogenic 
cell death (ICD) of KRAS-mutant cancer cells. By this mechanism, statins also 
enhanced the cross-priming ability of dendritic cells (DCs), thereby boosting CD8+ 
T-cell immune responses in mice with KRAS-mutant tumors58. According to Xia et al., 
inhibition of small GTPases proteins by statins would also lead to an alteration of their 
internal cell membrane anchorage, prolonging antigen retention on cell membrane 
and again strengthening antigen presentation to T cells57. Finally, by blocking 
GGPP production, statins might downregulate Rac1 and Rac2 signaling, thereby 
suppressing PD-1 expression on T cell receptor (TCR)-stimulated Treg cells (Figure 

9

166414_Cantini_BNW-def.indd   225166414_Cantini_BNW-def.indd   225 3-5-2023   20:18:473-5-2023   20:18:47



226

Chapter 9

1)59. Despite accumulating pre-clinical evidence supporting the immunomodulatory 
effects of statins in the context of cancer, findings from cancer patients mainly derive 
from retrospective datasets and potential selection biases cannot be excluded. 
Unfortunately, in our study we lacked information regarding statin time-exposure, 
as patients were included in the study only since the start of anti-PD1 treatment60,61. 
Moreover, although a multivariable analysis was conducted to adjust for significant 
prognostic factors in both MPM and NSCLC, other tumor-related (such as PD-L1 status 
and tumor mutational burden) and patient-related (such as circulating lipid levels) 
factors could have influenced the different prognosis.

In a separate cohort (data not published yet) we assessed the role of circulating lipid 
profile components (total cholesterol, high-density lipoproteins (HDL), low-density 
lipoproteins, triglycerides) in predicting prognosis of advanced cancer patients 
treated with ICIs. We found that patients with hypercholesterolemia had longer OS 
compared to those with normal cholesterol levels. More precisely, patients with higher 
HDL presented improved OS compared to those with lower plasmatic concentration. 
Conversely, patients with hypertriglyceridemia detained significant shorter PFS and 
OS. As statins are drugs commonly used to lower plasmatic cholesterol levels, the 
better prognosis observed in hypercholesterolemic patients suggests that statins 
might exert their anti-cancer/immune-modulatory effect through mechanisms other 
than the lipid-lowering effect, such as the ones previously cited57,62.

In conclusion, prospective and well-controlled clinical trials are needed to understand 
whether statin use reflects a general prognostic association or a causal link with 
improved clinical activity of PD-1 inhibitors exists. Validating these findings back 
to appropriate pre-clinical models would also help estimating the contribution 
of baseline lipid profile and statin time-exposure in affecting baseline tumor 
characteristics as well as anti-tumor activity of these agents, to ultimately test statins 
as drug repurposing strategy in combination with anti-PD1 therapy for lung cancer 
and MPM.
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Figure 1. Off-target effects of statins modulate the tumor microenvironment (TME). The 
mevalonate (MVA) pathway is involved in several intracellular functions, including the synthesis 
of cholesterol and other isoprenoids, involved in protein post-translational prenylation. The 
latter leads to the addition of hydrophobic molecules, such as geranylgeranyl diphosphate 
(GGPP) to proteins, including to small GTPases proteins (e.g., Rab5 in DCs). Statins inhibit 3-hy-
droxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, the rate-controlling enzyme of 
the MVA pathway, blocking not only cholesterol but also GGPP production. In dendritic cells 
(DCs), the inhibition of geranylgeranylation of small GTPases, such as Rad5, by statins leads to 
the arrest of endosomal maturation, prolonged antigen retention, and enhanced antigen pre-
sentation by MHC-antigen complex. In T-regulatory (Treg) cells, T cell antigen receptor (TCR) 
stimulation by MHC/antigen complex leads to the expression of SREBP cleavage-activating 
protein (SCAP)/SREBP gene targets. Sterol regulatory element-binding protein (SREBP) stim-
ulate MVA pathway and GGPP production, that, through protein geranylgeranylation promotes 
Rac1 and Rac2 signaling and, therefore, PD-1 upregulation on Treg surface. Statins, blocking 
the production of GGPP, might suppress PD-1 expression on TCR-stimulated Treg cells. Other 
abbreviations: farnesyl diphosphate (FPP). Figure derived from Cantini et al., European Journal 
of Cancer 2021.

The mechanisms of immune escape may differ across thoracic cancer types and 
diverse immunotherapeutic interventions are necessary to optimize clinical responses. 
Because of the extensive clinical experience and established efficacy, chemotherapy 
represents a particularly suited treatments for combination immunotherapy. In the 
past, chemotherapy was thought to be solely immunosuppressive63. More recently, 
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researchers have recognized the ability of certain chemotherapies to induce ICD 
through exposure or releasing of ‘damage-associated molecular patterns’ (DAMPs) 
molecules, such as calreticulin, ATP, and high mobility group protein box-1 (HMGB-1)64. 
By prompting the release of DAMPs and tumor antigens, chemotherapy promotes 
the infiltration of antigen-presenting cells (APCs) and the activity of cytotoxic 
T-lymphocytes (CTLs), potentially increasing tumor immunogenicity65. Meanwhile, 
chemotherapy is thought to promote anti-tumor immunity indirectly by reducing the 
activity of myeloid derived suppressor cells (MDSCs) in the TME66,67.

In SCLC, because of the immunosuppressive TME and the rapidly progressive course, 
ICI monotherapy has showed only moderate benefit and using combinations with 
chemotherapy is even more necessary. Based on this assumption, atezolizumab 
or durvalumab (two PD-L1 inhibitors) were separately tested in combination with 
platinum-etoposide chemotherapy and became the new standard of care in the first-
line setting of SCLC68,69. However, the magnitude of benefit in these trials was modest 
compared to NSCLC, suggesting that different immunosuppressive mechanisms 
might come into play in SCLC but also supporting the absence of a strong synergistic 
effect between standard-of-care chemotherapy and ICIs70.

In addition to investigating new immunotherapies, changing chemotherapy backbone 
might then represent an appealing strategy. Compared to platinum-etoposide (the 
current chemotherapy backbone in ES-SCLC), anthracyclines for example proved 
to be more efficient ICD inducers because of their ability of enhancing calreticulin 
exposure on dying cancer cell71.

In Chapter 7, we showed that lurbinectedin monotherapy was safe and effective in 
SCLC patients treated in the context of a named patient program at the Erasmus MC. 
Lurbinectedin is a new chemotherapy agent which had previously proved signs of 
efficacy in a phase II basket trial with 105 stage IV pre-treated SCLC patients72,73. In our 
real-world study, ORR and DCR after 12 weeks in pre-treated patients were 16% and 
28%, respectively. These percentages were inferior when compared to the clinical 
trial72 yet still very interesting as patients included in our cohort were more heavily pre-
treated. In addition to clinical data, we sought to investigate potential off-targets effect 
of lurbinectedin including its immune-modulatory functions. We then performed 
a comprehensive immune monitoring on peripheral blood samples of treated 
patients, showing an association between lurbinectedin and depletion of circulating 
classical monocytes. Treatment was also associated with increased proliferation of 
CD4+, CD8+ T cells, and NK, NKT cells, as well as with alteration of co-stimulatory 
and co-inhibitory receptor expression on circulating lymphocytes. Unfortunately, 
the lack of tumor sample availability pre- and post- treatment precludes definitive 
conclusions on the immune-modulatory functions of lurbinectedin. Nevertheless, 
the alterations in circulating immune cell composition and phenotype make the pair 
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with previous data on pre-clinical models showing that lurbinectedin induces a dose- 
and time-dependent death in cultured monocytes and MDSCs74 and with a possible 
synergy between lurbinectedin and ICIs due to ICD induction in vitro75. These findings 
render lurbinectedin a potential platform for future ICI combinations to be tested in 
the context of randomized clinical trials for SCLC and highlight the opportunity of 
conducting comprehensive immune monitoring on peripheral blood to inform rational 
drug development.

New pharmaceutic allies to strengthen the immune system: the rational development 
of immunotherapy combinations
In addition to repurposing drugs such as chemotherapy and statins, new therapeutic 
advances offer multiple possibility to tackle cancer-immunity cycle vulnerabilities76. 
Cancer types which display primary resistance to ICI monotherapy (such as MPM, 
SCLC, and to a minor extent NSCLC), often show an anergic and immunosuppressive 
TME, where both the effector arm (CTL response inside the tumor) and the inductive 
arm of the antitumoral immune response are suppressed. While the first may be 
restored using anti-PD(L)1 agents, cancer vaccines may be able to boost the second 
one leading to effective and durable tumor responses. Presentation of antigen in 
the context of appropriate presenting cells (APCs) is a requisite for initiating a CTL 
differentiation program starting from naive CD8+ T cells. Moreover, generation of 
memory CD8+ T cell relies on the quality of CD4+ T cell help, which in turn is dependent 
on the IL-12 secreted by DCs77. As DCs are the most potent APCs78 and the principal 
APCs with the ability to cross-prime (namely presenting exogenous antigens into the 
context on MHC class I molecules, which is necessary for the generation of CTLs)79, 
developing DC-based vaccinations represents an appealing strategy for treatment of 
these cancer types. Our group at the Erasmus MC has developed a method to make 
DC therapy (DCT) more accessible by utilizing autologous DCs and exposing them to 
an allogeneic mesothelioma tumor lysate, thereby eliminating the need to obtain an 
autologous tumor lysate from every single patient. This approach proved to be safe, 
feasible and induced some radiological responses in the context of a phase I trial 
conducted in MPM patients80. This led to the conduction of a multicenter phase II/III 
study aimed to compare allogenic tumor lysate sensitized DCs (named as Mesopher) 
as maintenance treatment after first-line chemotherapy versus chemotherapy alone, 
which is currently ongoing81. In recent years, researchers started using cancer vaccines 
at an earlier stage of carcinogenesis, to prevent the establishment of tumor-mediated 
immunosuppressive environments and to anticipate the onset of redundant mutations 
that foster treatment resistance and tumor proliferation79. Besides showing the ability 
to reduce tumor load in some patients, DCT with Mesopher demonstrated a better 
outcome when injected earlier in tumor development in preclinical models. As shown 
in Chapter 8, this offered the rationale for testing a combined (neo)adjuvant approach 
with Mesopher and extended pleurectomy/decortication (eP/D) surgery in resectable 
MPM patients. In the open label, single center, phase 1 ENSURE trial, we aim to assess 

9

166414_Cantini_BNW-def.indd   229166414_Cantini_BNW-def.indd   229 3-5-2023   20:18:483-5-2023   20:18:48



230

Chapter 9

whether (neo)-adjuvant DCT with Mesopher is feasible in early stage epithelioid MPM 
patients after first-line chemotherapy. Moreover, the neoadjuvant setting provides 
us with the unique possibility to conduct translational research, acquiring valuable 
information from blood and tissue collection before and after DCT. Many attempts 
have been made to show that DCT enhances intratumoral T-cell infiltration, yet many 
confounding factors (concomitant cancer treatments and availability of tumor tissue 
only at time of progression) has led to inconclusive results80,82–84. Through evaluation 
of immune cell infiltration in tumor tissue prior and post DCT and characterization 
of T-cell receptor (TCR) repertoire tumor-infiltrating T cells, the ENSURE trial will 
investigate whether Mesopher induces a (tumor-specific) immune response, offering 
novel insights into the mechanisms of action of DCT.

Concluding remarks and prospects for future investigation

Starting from a phase in which ‘‘immune enhancement’’ strategies (e.g. cytokines) 
were mainly investigated often resulting in poor objective responses and high 
toxicity rate, cancer immunotherapy now translated to “immune normalization” 
strategies, targeting specific tumor-induced immune deficiencies in the tumor 
micro-(or macro-)environment (e.g. PD-(L)1 inhibitors)3. Since their introduction, 
ICIs have been remarkable in achieving long-lasting “treatment-free survival” in a 
minority of patients, leading to a Renaissance of immunotherapy in thoracic oncology. 
However, development of these new treatment modalities was not always based 
on a “personalized medicine” approach, and still a wide percentage of lung cancer 
and MPM patients are resistant to single ICIs. In order to maximize the benefit of 
immunotherapy, a tailored approach based on biomarker selection and rational 
design of drug combinations should be pursued. To achieve that, as summarized in 
the first part of this thesis, clinical research needs to be coupled with translational 
investigations in the context of well-designed, biomarker-driven clinical trials, 
especially in the context of cancers with lower incidence such as MPM.

Evidence derived from real-world should be also encouraged, as they can reveal 
new ways to improve allocation of immunotherapy. Different from registries which 
often come with biases during data collection, thoroughly designed real-world cohort 
studies may provide useful and easy-to-access data to guide further research. In our 
pan-cancer cohort, adoption of ED ICIs did not affect the safety profile, representing 
a safe and feasible option also outside of clinical trials. Therefore, this treatment 
schedule represents an important alternative for treating physicians. Noteworthy, ICI 
flat-doses may result in an increase of drug costs putting a considerable strain on 
health-care budgets, and hybrid-dosing strategies should be rather adopted as they 
reduce the costs of these therapies while maintaining clinical efficacy and toxicity.

Effectiveness of ICI monotherapy in our MPM cohort did not recapitulate data 
observed in the context of clinical trials, probably reflecting a more heterogeneous 
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and less selected real-world population. However, we did identify some subgroups of 
MPM patients (those with a radiological response, higher PD-L1 tumor expression and 
higher albumin values) that derived a greater benefit from nivolumab, again showing 
the importance of better tailoring immunotherapy. Future randomized clinical trials 
on immunotherapy should always be coupled with extensive exploratory analyses 
looking at peripheral blood parameters and tumor samples.

The impact of concomitant medications as determinants of response and survival to 
immunotherapy in lung cancer and MPM also need to be considered. In particular, 
whether the impact of commonly used drugs such as statins on clinical activity of 
PD-(L)1 inhibitors reflects a mechanistic rather than an associative effect warrants 
further investigations, using appropriate pre-clinical models and dissecting TME 
characteristics according to patient lipid profile.

Comprehensive multi-tissue immune monitoring studies will be useful to unravel the 
mechanisms of anti-tumor immune responses directly in vivo, thereby designing new 
immunotherapy combinations with care. A recent review demonstrated no evidence 
of drug additivity or synergy in trials of combination therapies with ICIs, showing that 
clinical benefit from ICI combinations is mainly obtained by increasing the chances 
of response to the single agent85. One way to achieve drug additivity or synergy is 
via biomarker discovery and patient stratification. The other way is to tackle distinct 
vulnerabilities of the cancer immunity cycle while optimizing treatment sequencing. 
Verma et al. showed that using PD-1 blockade before cancer vaccines enhanced 
treatment resistance because of the suboptimally primed CD8+ cell conditions 
imposed by the tumor, while optimal simultaneous treatment reversed resistance 
leading to sustained response86. Similarly, our group showed that DC therapy and 
sequential anti-PD1 treatment is safe and lead to promising survival outcomes in 
MPM patients87. Whether DCT is feasible also at an earlier stage of carcinogenesis, 
before immunosuppressive environments are established, is currently investigate in 
the context of the ENSURE trial. This (neo)adjuvant window-of-opportunity trial also 
represents an ideal platform to inform on how DCT elicits its anticancer effect not only 
systemically yet more specifically at the tumor site. Such studies are eagerly awaited, 
as they implement a model of iteration from clinical results to basic laboratory 
research and vice versa that will ultimately help us to move towards the next era of 
immunotherapy for lung cancer and MPM.

9

166414_Cantini_BNW-def.indd   231166414_Cantini_BNW-def.indd   231 3-5-2023   20:18:483-5-2023   20:18:48



232

Chapter 9

References

1. Pakkala S, Ramalingam SS. Personalized therapy for lung cancer: striking a moving 
target. JCI Insight. August 9, 2018 [cited November 24, 2022];3(15). Available at: https://
doi.org/10.1172/jci.insight.120858

2. Remon J, Facchinetti F, Besse B. The efficacy of immune checkpoint inhibitors 
in thoracic malignancies. Eur Respir Rev. 2021;30(162). Available at: http://dx.doi.
org/10.1183/16000617.0387-2020

3. Sanmamed MF, Chen L. A Paradigm Shift in Cancer Immunotherapy: From Enhancement 
to Normalization. Cell. 2018;175(2):313–326. Available at: https://doi.org/10.1016/j.
cell.2018.09.035

4. Coschi CH, Juergens RA. The price of success: Immune-related adverse events from 
immunotherapy in lung cancer. Curr Oncol. 2021;28(6):4392–4407.

5. Sheng J, Srivastava S, Sanghavi K, Lu Z, Schmidt BJ, Bello A, et al. Clinical Pharmacology 
Considerations for the Development of Immune Checkpoint Inhibitors. J Clin Pharmacol. 
2017 [cited July 14, 2022];57 Suppl 10:S26–S42. Available at: https://pubmed.ncbi.nlm.nih.
gov/28921644/

6. Agrawal S, Feng Y, Roy A, Kollia G, Lestini B. Nivolumab dose selection: challenges, 
opportunities, and lessons learned for cancer immunotherapy. J Immunother Cancer. 
December 1, 2016 [cited November 11, 2022];4(1):72. Available at: https://jitc.bmj.com/
content/4/1/72

7. Patnaik A, Kang SP, Rasco D, Papadopoulos KP, Elassaiss-Schaap J, Beeram M, et al. 
Phase I Study of Pembrolizumab (MK-3475; Anti-PD-1 Monoclonal Antibody) in Patients 
with Advanced Solid Tumors. Clin Cancer Res. October 1, 2015 [cited November 11, 
2022];21(19):4286–4293. Available at: https://pubmed.ncbi.nlm.nih.gov/25977344/

8. Ballatore Z, Bastianelli L, Merloni F, Ranallo N, Cantini L, Marcantognini G, et al. Scientia 
Potentia Est: How the Italian World of Oncology Changes in the COVID-19 Pandemic. JCO 
Glob Oncol. 2020;

9. Zhao X, Shen J, Ivaturi V, Gopalakrishnan M, Feng Y, Schmidt BJ, et al. Model-based 
evaluation of the efficacy and safety of nivolumab once every 4 weeks across multiple 
tumor types. Ann Oncol Off J Eur Soc Med Oncol. February 1, 2020 [cited July 14, 
2022];31(2):302–309. Available at: https://pubmed.ncbi.nlm.nih.gov/31959348/

10. Lala M, Li TR, de Alwis DP, Sinha V, Mayawala K, Yamamoto N, et al. A six-weekly dosing 
schedule for pembrolizumab in patients with cancer based on evaluation using modelling 
and simulation. Eur J Cancer. May 1, 2020 [cited July 14, 2022];131:68–75. Available at: http://
www.ejcancer.com/article/S0959804920300708/fulltext

11. Long G V., Tykodi SS, Schneider JG, Garbe C, Gravis G, Rashford M, et al. Assessment of 
nivolumab exposure and clinical safety of 480 mg every 4 weeks flat-dosing schedule in 
patients with cancer. Ann Oncol Off J Eur Soc Med Oncol. November 1, 2018 [cited July 14, 
2022];29(11):2208–2213. Available at: https://pubmed.ncbi.nlm.nih.gov/30215677/

12. Higashiyama RI, Yoshida T, Yagishita S, Ohuchi M, Sakiyama N, Torasawa M, et al. Safety 
Implications of Switching Pembrolizumab Dosage From 200 mg Every 3 Weeks to 400 mg 
Every 6 Weeks in Patients With Advanced NSCLC. J Thorac Oncol. July 2022 [cited August 
5, 2022];0(0). Available at: http://www.jto.org/article/S1556086422003148/fulltext

13. Postow MA, Sidlow R, Hellmann MD. Immune-Related Adverse Events Associated with 
Immune Checkpoint Blockade. N Engl J Med. 2018;378(2):158–168.

166414_Cantini_BNW-def.indd   232166414_Cantini_BNW-def.indd   232 3-5-2023   20:18:483-5-2023   20:18:48



233

General Discussion

14. Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman WH, et al. Survival, 
Durable Tumor Remission, and Long-Term Safety in Patients With Advanced Melanoma 
Receiving Nivolumab. J Clin Oncol. April 4, 2014 [cited October 20, 2022];32(10):1020. 
Available at: /pmc/articles/PMC4811023/

15. Gupta A, Jensen EH, Virnig BA, Beg MS. Time-Related Burdens of Cancer Care. JCO Oncol 
Pract. April 28, 2022;18(4):245–246.

16. Gupta A, Eisenhauer EA, Booth CM. The Time Toxicity of Cancer Treatment. J Clin Oncol. 
May 20, 2022;40(15):1611–1615.

17. Strohbehn GW, Holleman R, Burns J, Klamerus ML, Kelley MJ, Kerr EA, et al. Adoption of 
Extended-Interval Dosing of Single-Agent Pembrolizumab and Comparative Effectiveness 
vs Standard Dosing in Time-to-Treatment Discontinuation. JAMA Oncol. September 
22, 2022 [cited October 20, 2022]; Available at: https://jamanetwork.com/journals/
jamaoncology/fullarticle/2796773

18. Blumenthal GM, Gong Y, Kehl K, Mishra-Kalyani P, Goldberg KB, Khozin S, et al. Analysis 
of time-to-treatment discontinuation of targeted therapy, immunotherapy, and 
chemotherapy in clinical trials of patients with non-small-cell lung cancer. Ann Oncol Off 
J Eur Soc Med Oncol. May 1, 2019 [cited November 24, 2022];30(5):830–838. Available at: 
https://pubmed.ncbi.nlm.nih.gov/30796424/

19. Shah M, Rahman A, Theoret MR, Pazdur R. The Drug-Dosing Conundrum in Oncology — 
When Less Is More. N Engl J Med. October 14, 2021 [cited November 24, 2022];385(16):1445–
1447. Available at: https://www.nejm.org/doi/full/10.1056/NEJMp2109826

20. Bayle A, Besse B, Annereau M, Bonastre J. Switch to anti-programmed cell death protein 1 
(anti-PD-1) fixed-dose regimen: What is the economic impact? Eur J Cancer. 2019;113:28–31. 
Available at: https://doi.org/10.1016/j.ejca.2019.02.016

21. Alternative Dosing Strategies for Immune Checkpoint Inhibitors - ILCN.org (ILCN/WCLC) 
[Internet]. [cited November 24, 2022]. Available at: https://www.ilcn.org/alternative-
dosing-strategies-for-immune-checkpoint-inhibitors/

22. Rijavec E, Biello F, Barletta G, Dellepiane C, Genova C. Novel approaches for the treatment 
of unresectable malignant pleural mesothelioma: A focus on immunotherapy and target 
therapy (Review). Mol Clin Oncol. April 1, 2022 [cited November 25, 2022];16(4):1–12. Available 
at: http://www.spandidos-publications.com/10.3892/mco.2022.2522/abstract

23. Fennell DA, Ewings S, Ottensmeier C, Califano R, Hanna GG, Hill K, et al. Nivolumab 
versus placebo in patients with relapsed malignant mesothelioma (CONFIRM): a 
multicentre, double-blind, randomised, phase 3 trial. Lancet Oncol. November 1, 2021 
[cited November 25, 2022];22(11):1530–1540. Available at: http://www.thelancet.com/
article/S147020452100471X/fulltext

24. Popat S, Curioni-Fontecedro A, Dafni U, Shah R, O’Brien M, Pope A, et al. A multicentre 
randomised phase III trial comparing pembrolizumab versus single-agent chemotherapy 
for advanced pre-treated malignant pleural mesothelioma: the European Thoracic 
Oncology Platform (ETOP 9-15) PROMISE-meso trial. Ann Oncol. December 1, 2020 [cited 
November 11, 2022];31(12):1734–1745. Available at: http://www.annalsofoncology.org/
article/S0923753420424597/fulltext

25. Scherpereel A, Mazieres J, Greillier L, Lantuejoul S, Dô P, Bylicki O, 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. Lancet Oncol. 2019;20(2):239–253.

9

166414_Cantini_BNW-def.indd   233166414_Cantini_BNW-def.indd   233 3-5-2023   20:18:483-5-2023   20:18:48



234

Chapter 9

26. Disselhorst MJ, Quispel-Janssen J, Lalezari F, Monkhorst K, de Vries JF, van der Noort 
V, et al. Ipilimumab and nivolumab in the treatment of recurrent malignant pleural 
mesothelioma (INITIATE): results of a prospective, single-arm, phase 2 trial. Lancet Respir 
Med. 2019;7(3):260–270.

27. Quispel-Janssen J, van der Noort V, de Vries JF, Zimmerman M, Lalezari F, Thunnissen E, et 
al. Programmed Death 1 Blockade With Nivolumab in Patients With Recurrent Malignant 
Pleural Mesothelioma. J Thorac Oncol. 2018;13(10):1569–1576.

28. Tagliamento M, Bironzo P, Curcio H, De Luca E, Pignataro D, Rapetti SG, et al. A systematic 
review and meta-analysis of trials assessing PD-1/PD-L1 immune checkpoint inhibitors 
activity in pre-treated advanced stage malignant mesothelioma. Crit Rev Oncol Hematol. 
April 1, 2022 [cited November 25, 2022];172. Available at: https://pubmed.ncbi.nlm.nih.
gov/35192932/

29. Petrelli F, Ardito R, Conti B, Coinu A, Cabiddu M, Ghilardi M, et al. A systematic review and 
meta-analysis of second-line therapies for treatment of mesothelioma. Respir Med. August 
1, 2018 [cited November 25, 2022];141:72–80. Available at: https://pubmed.ncbi.nlm.nih.
gov/30053976/

30. Hu ZI, Ghafoor A, Sengupta M, Hassan R. Malignant mesothelioma: Advances in 
immune checkpoint inhibitor and mesothelin-targeted therapies. Cancer. April 1, 2021 
[cited November 25, 2022];127(7):1010–1020. Available at: https://pubmed.ncbi.nlm.nih.
gov/33620732/

31. Chen TT. Statistical issues and challenges in immuno-oncology. J Immunother cancer. 2013 
[cited November 30, 2022];1. Available at: https://pubmed.ncbi.nlm.nih.gov/24829754/

32. Hoering A, Durie B, Wang H, Crowley J. End points and statistical considerations in 
immuno-oncology trials: impact on multiple myeloma. Future Oncol. June 1, 2017 
[cited November 30, 2022];13(13):1181–1193. Available at: https://pubmed.ncbi.nlm.nih.
gov/28395525/

33. Peters S, Scherpereel A, Cornelissen R, Oulkhouir Y, Greillier L, Kaplan MA, et al. First-line 
nivolumab plus ipilimumab versus chemotherapy in patients with unresectable malignant 
pleural mesothelioma: 3-year outcomes from CheckMate 743. Ann Oncol. May 1, 2022 
[cited November 17, 2022];33(5):488–499. Available at: http://www.annalsofoncology.org/
article/S0923753422000837/fulltext

34. Quail DF, Joyce JA. Microenvironmental regulation of tumor progression and metastasis. 
Nature Medicine. 2013; 1423–37.

35. Forde PM, Anagnostou V, Sun Z, Dahlberg SE, Kindler HL, Niknafs N, et al. Durvalumab 
with platinum-pemetrexed for unresectable pleural mesothelioma: survival, genomic and 
immunologic analyses from the phase 2 PrE0505 trial. Nat Med 2021 2711. November 8, 
2021 [cited November 30, 2022];27(11):1910–1920. Available at: https://www.nature.com/
articles/s41591-021-01541-0

36. Nowak AK, Lesterhuis WJ, Kok PS, Brown C, Hughes BG, Karikios DJ, et al. Durvalumab with 
first-line chemotherapy in previously untreated malignant pleural mesothelioma (DREAM): 
a multicentre, single-arm, phase 2 trial with a safety run-in. Lancet Oncol. September 1, 
2020 [cited November 30, 2022];21(9):1213–1223. Available at: https://pubmed.ncbi.nlm.
nih.gov/32888453/

37. Miyamoto Y, Kozuki T, Aoe K, Wada S, Harada D, Yoshida M, et al. JME-001 phase II trial 
of first-line combination chemotherapy with cisplatin, pemetrexed, and nivolumab for 
unresectable malignant pleural mesothelioma. J Immunother Cancer. October 1, 2021 
[cited November 30, 2022];9(10):e003288. Available at: https://jitc.bmj.com/content/9/10/
e003288

166414_Cantini_BNW-def.indd   234166414_Cantini_BNW-def.indd   234 3-5-2023   20:18:483-5-2023   20:18:48



235

General Discussion

38. Kok PS, Forde PM, Hughes B, Sun Z, Brown C, Ramalingam S, et al. Protocol of 
DREAM3R: DuRvalumab with chEmotherapy as first-line treAtment in advanced pleural 
Mesothelioma—a phase 3 randomised trial. BMJ Open. January 1, 2022 [cited November 
30, 2022];12(1):e057663. Available at: https://bmjopen.bmj.com/content/12/1/e057663

39. Laplane L, Duluc D, Larmonier N, Pradeu T, Bikfalvi A. The Multiple Layers of the Tumor 
Environment. Trends in Cancer. December 1, 2018;4(12):802–809.

40. Laplane L, Duluc D, Bikfalvi A, Larmonier N, Pradeu T. Beyond the tumour microenvironment. 
Int J Cancer. November 15, 2019 [cited December 1, 2022];145(10):2611–2618. Available at: 
https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.32343

41. Conforti F, Pala L, Bagnardi V, De Pas T, Martinetti M, Viale G, et al. Cancer immunotherapy 
efficacy and patients’ sex: a systematic review and meta-analysis. Lancet Oncol. 2018;

42. Conforti F, Pala L, Bagnardi V, Viale G, De Pas T, Pagan E, et al. Sex-Based Heterogeneity 
in Response to Lung Cancer Immunotherapy: A Systematic Review and Meta-Analysis. 
Vol. 111, Journal of the National Cancer Institute. Oxford University Press 2019; 772–781.

43. Kichenadasse G, Miners JO, Mangoni AA, Rowland A, Hopkins AM, Sorich MJ. Association 
Between Body Mass Index and Overall Survival With Immune Checkpoint Inhibitor Therapy 
for Advanced Non-Small Cell Lung Cancer. JAMA Oncol. April 1, 2020 [cited November 13, 
2022];6(4):512–518. Available at: https://pubmed.ncbi.nlm.nih.gov/31876896/

44. Califano R, Kerr K, Morgan RD, Russo G Lo, Garassino M, Morgillo F, et al. Immune 
Checkpoint Blockade: A New Era for Non-Small Cell Lung Cancer. Curr Oncol Rep. 
September 1, 2016 [cited November 13, 2022];18(9). Available at: https://pubmed.ncbi.
nlm.nih.gov/27484062/

45. Jin Y, Dong H, Xia L, Yang Y, Zhu Y, Shen Y, et al. The Diversity of Gut Microbiome is 
Associated With Favorable Responses to Anti-Programmed Death 1 Immunotherapy 
in Chinese Patients With NSCLC. J Thorac Oncol. August 1, 2019 [cited November 13, 
2022];14(8):1378–1389. Available at: https://pubmed.ncbi.nlm.nih.gov/31026576/

46. Lord S, Hall PS, Seymour MT. Concomitant medications in cancer patients: Should 
we be more active in their management? Ann Oncol. February 1, 2010 [cited 
December 1, 2022];21(2):430. Available at: http://www.annalsofoncology.org/article/
S0923753419387812/fulltext

47. Buti S, Bersanelli M, Perrone F, Tiseo M, Tucci M, Adamo V, et al. Effect of concomitant 
medications with immune-modulatory properties on the outcomes of patients with 
advanced cancer treated with immune checkpoint inhibitors: development and validation 
of a novel prognostic index. Eur J Cancer. January 1, 2021 [cited December 1, 2022];142:18–
28. Available at: https://pubmed.ncbi.nlm.nih.gov/33212418/

48. Buti S, Bersanelli M, Perrone F, Bracarda S, Di Maio M, Giusti R, et al. Predictive ability of a 
drug-based score in patients with advanced non–small-cell lung cancer receiving first-
line immunotherapy. Eur J Cancer. June 1, 2021;150:224–231.

49. Gronich N, Rennert G. Beyond aspirin - Cancer prevention with statins, metformin and 
bisphosphonates. Nature Reviews Clinical Oncology. 2013.

50. El-Refai SM, Brown JD, Arnold SM, Black EP, Leggas M, Talbert JC. Epidemiologic Analysis 
Along the Mevalonate Pathway Reveals Improved Cancer Survival in Patients Who Receive 
Statins Alone and in Combination With Bisphosphonates. JCO Clin Cancer Informatics. 2017;

51. Omori M, Okuma Y, Hakozaki T, Hosomi Y. Statins improve survival in patients previously 
treated with nivolumab for advanced non-small cell lung cancer: An observational study. 
Mol Clin Oncol. 2018;

9

166414_Cantini_BNW-def.indd   235166414_Cantini_BNW-def.indd   235 3-5-2023   20:18:483-5-2023   20:18:48



236

Chapter 9

52. Cortellini A, Di Maio M, Nigro O, Leonetti A, Cortinovis DL, Aerts JGJV, et al. Differential 
influence of antibiotic therapy and other medications on oncological outcomes of patients 
with non-small cell lung cancer treated with first-line pembrolizumab versus cytotoxic 
chemotherapy. J Immunother Cancer. 2021;9(4):1–10.

53. Cortellini A, Tucci M, Adamo V, Stucci LS, Russo A, Tanda ET, et al. Integrated analysis 
of concomitant medications and oncological outcomes from PD-1/PD-L1 checkpoint 
inhibitors in clinical practice. J Immunother cancer. November 5, 2020 [cited December 1, 
2022];8(2). Available at: https://pubmed.ncbi.nlm.nih.gov/33154150/

54. Santoni M, Massari F, Matrana MR, Basso U, De Giorgi U, Aurilio G, et al. Statin use improves 
the efficacy of nivolumab in patients with advanced renal cell carcinoma. Eur J Cancer. 
2022;172:191–198. Available at: https://doi.org/10.1016/j.ejca.2022.04.035

55. Iannelli F, Lombardi R, Milone MR, Pucci B, De Rienzo S, Budillon A, et al. Targeting 
Mevalonate Pathway in Cancer Treatment: Repurposing of Statins. Recent Pat Anticancer 
Drug Discov. 2018;

56. Hassanabad AF. Current perspectives on statins as potential anti-cancer therapeutics: 
Clinical outcomes and underlying molecular mechanisms. Translational Lung Cancer 
Research. 2019.

57. Xia Y, Xie Y, Yu Z, Xiao H, Jiang G, Zhou X, et al. The Mevalonate Pathway Is a Druggable 
Target for Vaccine Adjuvant Discovery. Cell. 2018;

58. Nam GH, Kwon M, Jung H, Ko E, Kim SA, Choi Y, et al. Statin-mediated inhibition of RAS 
prenylation activates ER stress to enhance the immunogenicity of KRAS mutant cancer. 
J Immunother cancer. July 30, 2021 [cited December 1, 2022];9(7). Available at: https://
pubmed.ncbi.nlm.nih.gov/34330763/

59. Lim SA, Wei J, Nguyen TLM, Shi H, Su W, Palacios G, et al. Lipid signalling enforces 
functional specialization of Treg cells in tumours. Nature. March 11, 2021 [cited April 3, 
2021];591(7849):306–311. Available at: https://www.nature.com/articles/s41586-021-
03235-6

60. Hara A, Matsuda M, Ishii A, Yoshioka T. Re: “High-intensity statins are associated with 
improved clinical activity of PD-1 inhibitors in malignant pleural mesothelioma and 
advanced non-small cell lung cancer patients.” Eur J Cancer. August 1, 2021 [cited 
December 1, 2022];153:265–266. Available at: https://pubmed.ncbi.nlm.nih.gov/34034931/

61. Cantini L, Pecci F, Dammeijer F, Aerts JGJV, Berardi R. Re: Comments on “High-intensity 
statins are associated with improved clinical activity of programmed cell death protein 1 
inhibitors in malignant pleural mesothelioma and advanced non-small cell lung cancer 
patients.” Eur J Cancer. August 1, 2021 [cited December 1, 2022];153:267–269. Available at: 
https://pubmed.ncbi.nlm.nih.gov/34154882/

62. Davignon J. Beneficial cardiovascular pleiotropic effects of statins. Circulation. June 15, 
2004 [cited December 1, 2022];109(23 Suppl 1). Available at: https://pubmed.ncbi.nlm.nih.
gov/15198965/

63. Heinhuis KM, Ros W, Kok M, Steeghs N, Beijnen JH, Schellens JHM. Enhancing antitumor 
response by combining immune checkpoint inhibitors with chemotherapy in solid tumors. 
Annals of Oncology. 2019.

64. Mankor JM, Zwierenga F, Dumoulin DW, Neefjes JJC, Aerts JGJV. A brief report on 
combination chemotherapy and anti–programmed death (ligand) 1 treatment in small-
cell lung cancer: Did we choose the optimal chemotherapy backbone? Eur J Cancer. 2020;

65. Remon J, Aldea M, Besse B, Planchard D, Reck M, Giaccone G, et al. Small cell lung 
cancer: a slightly less orphan disease after immunotherapy. Ann Oncol. 2021;32(6):698–709. 
Available at: https://doi.org/10.1016/j.annonc.2021.02.025

166414_Cantini_BNW-def.indd   236166414_Cantini_BNW-def.indd   236 3-5-2023   20:18:483-5-2023   20:18:48



237

General Discussion

66. Leonetti A, Wever B, Mazzaschi G, Assaraf YG, Rolfo C, Quaini F, et al. Molecular basis and 
rationale for combining immune checkpoint inhibitors with chemotherapy in non-small 
cell lung cancer. Drug Resist Updat. 2019;

67. Zheng H, Zeltsman M, Zauderer MG, Eguchi T, Vaghjiani RG, Adusumilli PS. Chemotherapy-
induced immunomodulation in non-small-cell lung cancer: A rationale for combination 
chemoimmunotherapy. Immunotherapy. 2017.

68. Horn L, Mansfield AS, Szczęsna A, Havel L, Krzakowski M, Hochmair MJ, et al. First-Line 
Atezolizumab plus Chemotherapy in Extensive-Stage Small-Cell Lung Cancer. N Engl J 
Med. 2018;

69. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al. Durvalumab plus 
platinum–etoposide versus platinum–etoposide in first-line treatment of extensive-stage 
small-cell lung cancer (CASPIAN): a randomised, controlled, open-label, phase 3 trial. 
Lancet. 2019;

70. Cantini L, Pecci F, Merloni F, Lanese A, Lenci E, Paoloni F, et al. Old but gold: the role of 
drug combinations in improving response to immune check-point inhibitors in thoracic 
malignancies beyond NSCLC. Explor Target Anti-tumor Ther. 2021;2(1):1–25.

71. Obeid M, Tesniere A, Ghiringhelli F, Fimia GM, Apetoh L, Perfettini JL, et al. Calreticulin 
exposure dictates the immunogenicity of cancer cell death. Nat Med. 2007;

72. Trigo J, Subbiah V, Besse B, Moreno V, López R, Sala MA, et al. Lurbinectedin as second-
line treatment for patients with small-cell lung cancer: a single-arm, open-label, phase 2 
basket trial. Lancet Oncol. May 1, 2020 [cited December 2, 2022];21(5):645–654. Available 
at: https://pubmed.ncbi.nlm.nih.gov/32224306/

73. Baena J, Modrego A, Zeaiter A, Kahatt C, Alfaro V, Jimenez-Aguilar E, et al. Lurbinectedin 
in the treatment of relapsed small cell lung cancer. https://doi.org/102217/fon-2020-1212. 
March 19, 2021 [cited December 2, 2022];17(18):2279–2289. Available at: https://www.
futuremedicine.com/doi/10.2217/fon-2020-1212

74. Risnik D, Colado A, Podaza E, Almejún MB, Elías EE, Bezares RF, et al. Immunoregulatory 
effects of Lurbinectedin in chronic lymphocytic leukemia. Cancer Immunol Immunother. 
May 1, 2020 [cited December 2, 2022];69(5):813–824. Available at: https://pubmed.ncbi.
nlm.nih.gov/32055920/

75. Xie W, Forveille S, Iribarren K, Sauvat A, Senovilla L, Wang Y, et al. Lurbinectedin synergizes 
with immune checkpoint blockade to generate anticancer immunity. Oncoimmunology. 
November 2, 2019 [cited December 2, 2022];8(11). Available at: https://pubmed.ncbi.nlm.
nih.gov/31646106/

76. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle. Immunity. 
July 25, 2013 [cited November 11, 2022];39(1):1–10. Available at: https://pubmed.ncbi.nlm.
nih.gov/23890059/

77. Palucka K, Banchereau J. Dendritic-Cell-Based Therapeutic Cancer Vaccines. Immunity. 
July 25, 2013;39(1):38–48.

78. Banchereau J, Steinman RM. Dendritic cells and the control of immunity. Nature. March 
19, 1998 [cited December 5, 2022];392(6673):245–252. Available at: https://pubmed.ncbi.
nlm.nih.gov/9521319/

79. Cintolo JA, Datta J, Mathew SJ, Czerniecki BJ. Dendritic cell-based vaccines: barriers and 
opportunities. Future Oncol. October 2012 [cited December 5, 2022];8(10):1273. Available 
at: /pmc/articles/PMC4260651/

9

166414_Cantini_BNW-def.indd   237166414_Cantini_BNW-def.indd   237 3-5-2023   20:18:483-5-2023   20:18:48



238

Chapter 9

80. Aerts JGJV, De Goeje PL, Cornelissen R, Kaijen-Lambers MEH, Bezemer K, Van Der 
Leest CH, et al. Autologous dendritic cells pulsed with allogeneic tumor cell lysate in 
mesothelioma: From mouse to human. Clin Cancer Res. 2018;24(4):766–776.

81. Belderbos RA, Baas P, Berardi R, Cornelissen R, Fennell DA, van Meerbeeck JP, et al. 
A multicenter, randomized, phase II/III study of dendritic cells loaded with allogeneic 
tumor cell lysate (MesoPher) in subjects with mesothelioma as maintenance therapy after 
chemotherapy: DENdritic cell Immunotherapy for Mesothelioma (DENIM) trial. Transl lung 
cancer Res. June 2019 [cited August 23, 2019];8(3):280–285. Available at: http://www.ncbi.
nlm.nih.gov/pubmed/31367541

82. Hegmans JP, Veltman JD, Lambers ME, De Vries IJM, Figdor CG, Hendriks RW, et al. 
Consolidative dendritic cell-based immunotherapy elicits cytotoxicity against malignant 
mesothelioma. Am J Respir Crit Care Med. 2010;181(12):1383–90.

83. Cornelissen R, Hegmans JPJJ, Maat APWM, Kaijen-Lambers MEH, Bezemer K, Hendriks 
RW, et al. Extended tumor control after dendritic cell vaccination with low-dose 
cyclophosphamide as adjuvant treatment in patients with malignant pleural mesothelioma. 
Am J Respir Crit Care Med. May 1, 2016;193(9):1023–1031.

84. Liau LM, Prins RM, Kiertscher SM, Odesa SK, Kremen TJ, Giovannone AJ, et al. Dendritic cell 
vaccination in glioblastoma patients induces systemic and intracranial T-cell responses 
modulated by the local central nervous system tumor microenvironment. Clin Cancer Res. 
August 1, 2005 [cited December 5, 2022];11(15):5515–5525. Available at: https://pubmed.
ncbi.nlm.nih.gov/16061868/

85. Palmer AC, Izar B, Hwangbo H, Sorger PK. Predictable Clinical Benefits without Evidence 
of Synergy in Trials of Combination Therapies with Immune-Checkpoint Inhibitors. Clin 
Cancer Res. January 15, 2022 [cited December 6, 2022];28(2):368–377. Available at: https://
pubmed.ncbi.nlm.nih.gov/35045958/

86. Verma V, Shrimali RK, Ahmad S, Dai W, Wang H, Lu S, et al. PD-1 blockade in subprimed 
CD8 cells induces dysfunctional PD-1+CD38hi cells and anti-PD-1 resistance. Nat Immunol. 
September 1, 2019 [cited December 6, 2022];20(9):1231–1243. Available at: https://pubmed.
ncbi.nlm.nih.gov/31358999/

87. van Gulijk M, Belderbos B, Dumoulin D, Cornelissen R, Bezemer K, Klaase L, et al. 
Combination of PD-1/PD-L1 checkpoint inhibition and dendritic cell therapy in mice 
models and in patients with mesothelioma. Int J Cancer. 2022 [cited December 6, 2022]; 
Available at: https://onlinelibrary.wiley.com/doi/full/10.1002/ijc.34293

166414_Cantini_BNW-def.indd   238166414_Cantini_BNW-def.indd   238 3-5-2023   20:18:483-5-2023   20:18:48



239

General Discussion

9

166414_Cantini_BNW-def.indd   239166414_Cantini_BNW-def.indd   239 3-5-2023   20:18:483-5-2023   20:18:48



166414_Cantini_BNW-def.indd   240166414_Cantini_BNW-def.indd   240 3-5-2023   20:18:483-5-2023   20:18:48



SUMMARY

166414_Cantini_BNW-def.indd   241166414_Cantini_BNW-def.indd   241 3-5-2023   20:18:483-5-2023   20:18:48



242

Summary

Lung cancer and malignant pleural mesothelioma (MPM) present a significant global 
health burden with the incidence and mortality of both increasing by year. Lung 
cancer, including non-small cell lung cancer (NSCLC) and small cell lung cancer 
(SCLC), has the highest mortality rate of all malignancies. MPM still represents an 
uncommon disease, yet its incidence and mortality are peaking worldwide. Survival 
rates for all these cancers are poor, as both lung cancer and MPM patients are often 
detected at a late stage. In the last decade, we witnessed an exponential growth in 
the appreciation of lung cancer and mesothelioma pathobiology, leading several 
new treatments to be investigated both in the early stage of the disease and in the 
advanced setting. The discovery of oncogenic driver mutations which are implicated 
in the development and propagation of lung cancer and mesothelioma have been 
essential to identify novel molecular therapeutic targets, representing the rationale 
for testing multiple targeted therapies. Moreover, a better understanding of the role 
that the immune system plays in controlling lung cancer and mesothelioma growth, 
along with the potential to effectively harness the antitumor immune response, have 
attracted a growing interest in cancer immunotherapy. 

Cancer immunotherapy is a type of medicine that treats cancer using the body’s 
own immune system. On a healthy individual, the immune system can detect and 
destroy the abnormal cells preventing the development of cancers. However, cancer 
cells are sometimes able to restrain the immune system. This can be obtained for 
example by reducing the surface expression of molecules (tumor antigens) which are 
normally recognized by the immune system, by expressing (or inducing expression 
of) ‘checkpoint’ proteins that induce immune cell inactivation, or by attracting other 
immunosuppressive cells in the tumor environment. Compared to the past century, 
researchers’ efforts recently shifted from ‘‘immune enhancement’’ strategies aimed 
at broadly amplifying immune activation to “immune normalization” strategies, 
targeting specific tumor-induced immune deficiencies in the tumor micro-(or macro-)
environment. This “paradigm shift” brought to the introduction of therapeutic agents 
with a more beneficial tumor response-to-toxicity profile, leading to a Renaissance of 
immunotherapy in thoracic oncology. However, the rapidity of drug development in 
this new field often outpaced researchers’ ability of tailoring the right immunotherapy 
for the right patient, and still a wide percentage of lung cancer and MPM patients do 
not respond to immunotherapy. 

In this thesis, after reviewing the current role of immunotherapy for lung cancer and 
MPM patients treated in the real-world, we explored new avenues of this treatment 
modality by looking at a more tailored approach based on biomarker selection and 
rational design of new drug combinations.

In Chapter 1, the rationale for immunotherapy in lung cancer and mesothelioma 
is introduced. Of the many different immunotherapeutic approaches, immune-
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checkpoint inhibitors (ICIs) are the most used by cancer physicians. ICIs are 
antagonistic antibodies directed towards known targets of exhaustion including PD-1 
and CTLA-4 that enable immune cells to proliferate and respond more vigorously 
against the tumor. Starting from its approval in recurrent metastatic NSCLC in 2015, 
the use of ICIs has been recently expanded beyond NSCLC to include treatment of 
SCLC and MPM with a remarkable survival gain for some patients. However, primary 
and acquired resistance still occur in most of the cases, and tumor responses often 
come at the price of new forms of toxicities. This highlights the need for further fueling 
research in this setting. In NSCLC, differences in terms of immune composition and 
milieu have been reported among histology variants and among NSCLC harboring 
distinct mutational landscape and should be considered to fully unleash the potential 
of immunotherapy. In SCLC, chemotherapy-free ICI trials have not generated solid 
evidence and finding the perfect companion for ICIs (moving beyond the standard 
platinum-based chemotherapy) is crucial to improve patient outcomes. 

As discussed in Chapter 2, mesothelioma treatment deserves separate considerations. 
The chronic inflammatory response to asbestos involved in the pathogenesis of MPM 
causes a unique tumor environment, with a high local immune suppression. In the 
last few years, mesothelioma genetics, epigenetics, and the tumor microenvironment 
(especially immune biology) have been studied more deeply and this knowledge has 
started to be properly applied to discover new therapies. However, multiple biases in 
the design of clinical trials and the peculiar biological features of MPM delayed the 
discovery of effective therapeutic agents. Most of the previous trials attempted to 
readapt drugs that succeeded in other cancer types to MPM, yet they were either too 
small or not stratified for predictive biomarkers, not taking into account the intrinsic 
heterogeneity of this disease. Results from phase II studies were often not replicated 
in larger, randomized, phase III trials, pointing out that the implementation of well-
designed, biomarker-driven clinical trials with appropriate size and duration should 
be pursued.

In Chapter 3, we observed how results from first clinical trials using single immune 
check-point inhibition in MPM were conflicting. Recent data from the CheckMate 
743 trial showed that the combination of nivolumab and ipilimumab (anti-PD-1 and 
anti-CTLA-4, respectively) prolonged overall survival (OS) compared to platinum-
based chemotherapy (to a greater extent in non-epithelioid tumors), leading to a 
new standard of care in the first-line setting. These results highlighted the potential 
of combining ICIs with other immunotherapies, as well as targeted agents and old-
school chemotherapy to improve prognosis in MPM. Since the “one size fits all” 
approach does not adapt to MPM, focus should lie on the heterogeneity of the genetic 
and epigenetic landscape and of the composition of tumor microenvironment to 
take a step further single immune check point inhibition and increase the number of 
patients who benefit from these approaches.
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While randomized controlled trials remain the gold standard for evaluating the 
integration of immunotherapy in the clinical practice, well designed cohort studies in 
real-world populations also provide the opportunity to study the multifaceted aspects 
of cancer treatments, offering different insights into the number of (treatment-related) 
adverse events and actual survival times. Despite their favorable response-to-toxicity 
profile, in some cases ICIs can lead to a broad and non-tumor specific activation of the 
immune system, which becomes supra supraphysiologic and translates in the onset 
of immune-related adverse events (irAEs). Different ICI drugs and doses can lead to 
different toxicity features. Recently, long life expectancy of patients treated with ICIs, 
high healthcare costs, and the need to reduce avoidable hospital admissions during 
COVID-19 crises, led to an increasing interest in alternative longer dosing schedules. 
In Chapter 4, we investigated a pan-cancer cohort, showing that adoption of an 
extended interval dosing (ED) of ICIs did not affect the safety profile, representing a 
safe and feasible option for treating physicians. In addition, we corroborated previous 
evidence in the setting of canonical interval dosing (CD), finding that irAEs onset 
was associated with improved OS also in the context of ED treatment. In Chapter 

5, we queried again the real-world evidence to investigate the effectiveness of 
nivolumab (an anti-PD1 ICI) in a population of pre-treated MPM patients. We observed 
that objective response rate (ORR) and median OS were lower compared to those 
reported in clinical trials, probably due to the lack of strict inclusion criteria in our 
analysis, which led to a less selected patient population. Interestingly, we reported 
the presence of a minority of long-term responders to ICIs in our study, a fact that 
underlines the importance to identify reliable predictive biomarkers in this setting.

After an initial Renaissance, the new era of immunotherapy for lung cancer and MPM 
will necessarily rely on a tailored approach, which besides proper biomarker selection 
builds upon a more rational design of drug combinations. Because of comorbidities, 
thoracic cancer patients often receive concomitant medications at time of starting 
cancer therapy. Apart from pharmacodynamic and pharmacokinetic interactions, 
some concomitant medications could exert immunomodulatory effects, thus 
affecting ICI efficacy. In Chapter 6, we found an association between baseline statin 
use and improved clinical outcomes in MPM and advanced NSCLC patients treated 
with PD-1 inhibitors. The association was intensity-dependent, as use of high-intensity 
but not of low/moderate-statins led to better outcomes. Our results are supported 
by pre-clinical studies which already shown how statins may exert an anti-cancer/
immune-modulatory effect through mechanisms other than the lipid-lowering effect. 
Prospective and well-controlled studies will help understanding whether statin use 
reflects a general prognostic association or a causal link with improved clinical activity 
of PD-1 inhibitors can be established. Validating our findings back to appropriate 
pre-clinical models which consider baseline lipid profile and statin time-exposure 
would also shed light on the anti-tumor activity of these agents, to ultimately test 
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statins as drug repurposing strategy in combination with anti-PD1 therapy for lung 
cancer and MPM.  

Chemotherapy represents another suited treatment for combination immunotherapy, 
because of the extensive clinical experience and established efficacy. In the past, 
chemotherapy was thought to be solely immunosuppressive. More recently, 
researchers have recognized chemotherapy ability of boosting anti-tumor immunity 
by either promoting an immunogenic cell death (ICD) or reducing the activity of 
immune-suppressive cells in the tumor microenvironment. In Chapter 7, we showed 
that lurbinectedin represents a safe and effective option in pre-treated SCLC patients. 
By assessing patient circulating immune profile, we also reported on the immune-
modulatory effect of this chemotherapy. Lurbinectedin treatment was associated 
with depletion of circulating classical monocytes, as well as increased proliferation 
of CD4+, CD8+ T cells, and NK, NKT cells, and alteration of co-stimulatory and co-
inhibitory receptor expression on circulating lymphocytes. The observed alterations 
in circulating immune cell composition and phenotype make the pair with pre-clinical 
data and render lurbinectedin a potential platform for future ICI combinations.

Multiple mechanisms of immune escape may come into play across thoracic cancer 
types and diverse immunotherapeutic interventions are necessary to optimize clinical 
responses.  In addition to repurposing drugs such as chemotherapy and statins, 
new therapeutic advances such as cancer vaccination offer different possibilities to 
tackle cancer-immunity cycle vulnerabilities and induce immune responses. Cancer 
types which display primary resistance to ICI monotherapy (such as MPM, SCLC, and 
to a minor extent NSCLC), often show an anergic and immunosuppressive tumor 
microenvironment, where both the effector arm (T cell response inside the tumor) and 
the inductive arm of the antitumoral immune response are suppressed. While the first 
may be restored using ICIs, cancer vaccines may be able to boost the second one. 
In fact, presentation of antigen in the context of appropriate presenting cells (APCs) 
is a requisite for initiating a specific antitumor response. As dendritic cells (DCs) are 
the most potent APCs, developing DC-based vaccinations represents an appealing 
strategy for treatment of many cancer types. In Chapter 8, we presented the trial 
protocol of a phase I study with DC therapy (Mesopher) as (neo)adjuvant approach 
combined with extended pleurectomy/decortication (eP/D) surgery in patients 
with resectable epithelioid MPM. For this therapeutic approach, DCs are extracted 
from patient blood, loaded with allogeneic MPM tumor cell line lysate (Pheralys), 
maturated using an adjuvant and infused back to the patient. Using DC vaccination 
at an earlier stage of carcinogenesis, before immunosuppressive environments are 
established, we aim to anticipate the onset of redundant mutations and prevent 
treatment resistance. In addition, the availability of tumor tissue before and after 
DC therapy represents a unique opportunity to evaluate whether DC vaccination is 
capable to induce tumor-specific T cell response.
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This thesis concludes with a Discussion in Chapter 9, where the findings are put into 
context. In the last few years, immunotherapy has deeply reshaped the treatment 
paradigm of lung cancer and mesothelioma, revamping the enthusiasm over this 
treatment modality. Many treatment combinations have been investigated in clinical 
trials, with often little scientific rationale. Only the adoption a more holistic approach, 
by interrogating cancer immunity through different available approaches (e.g. real-
world data) and from a broader perspective (e.g. investigating patient-related factors), 
will likely increase physicians’ ability to select appropriate immunotherapies in the 
coming few years, moving further from the “one size fits all” approach. To this regard, 
the advent of new technologies such as artificial intelligence may be crucial to 
translate multisource data into clinical decision aids, dissecting the underpinnings 
of how immunotherapy constitute its effect and ultimately improving drug delivery 
for lung cancer and mesothelioma patients.
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