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Summary

Immune checkpoint inhibitor (IClI) monotherapy holds the promise for durable
responses in adequately selected patient subsets and opens the door for novel
therapeutic strategies to improve current treatment outcomes

CATO SMS’ analysis of ongoing Phase Il and lll trials between 2019 and the 1st half
of 2020 identified clinical development trends that clearly favor ICIs being assessed
primarily as part of combination therapies, with the Top 5 combinations being IClIs plus
either targeted therapy, chemotherapy, another ICI, radiotherapy or
chemoradiotherapy

ICI combination therapies remain predominantly evaluated in solid tumors, with the
most commonly investigated indications being lung, head and neck, esophageal,
melanoma, renal, breast, bladder and gastric cancers

Next-generation ICIs that target different immune pathways are entering the clinic
beyond proof-of-concept trials and several combinations with these next-generation
ICIs are currently in clinical development

CATO SMS provides an in-depth summary of the recent trial landscape for ICI
combination therapies with the aim to guide the design and considerations of future
clinical trials for novel and tailored therapeutic combinations

Introduction

Developing novel and effective cancer treatment is complex and challenging, defined by an
increased heterogeneity in the options for therapeutic modalities. In the last decade, the
relevance of cancer immunotherapy using immune checkpoint inhibitors (ICls) was defined by
clinical trial results with IClI monotherapy reporting initial response rates in specific cancers of
up to 40% (Cogdill et al, 2017). Despite these promising results, monotherapy of ICls leads to
durable disease control in only 20%-30% of patients and only in specific indications (Hodi et
al, 2010; Robert et al, 2015), with patient subsets experiencing primary resistance or disease
progression following the initial response (acquired resistance). Research showed that primary
resistance is the result of insufficient intratumoral T cell infiltration and anergy of infiltrated T
cells due to immune suppressive characteristics of the tumor microenvironment (Spranger et
al, 2013; Hugo et al, 2016). Mechanisms of acquired resistance include dysfunctionalities in
the antigen maturation process, impaired antigen presentation (Sucker et al, 2014; Zaretsky
et al, 2016; Restifo et al, 2016), loss of T-cell function through expression of alternative immune
checkpoints (Koyama et al, 2016) and disruption of interferon gamma (IFNy) signaling (Dunn
et al, 2005; Zaretsky et al, 2016).

In this context of resistance, identifying strategies that simultaneously target multiple immune
modulating mechanisms are the current focus of therapies in clinical trials. Additionally,
strategies that allow to identify and select patients that most likely show a favorable response
will improve outcomes of immune therapies.

One of the strategies to select a potentially responsive patient population is the identification
and use of biomarkers for predictive and prognostic read-outs. A recently identified biomarker
playing a central role in treatment response of solid tumors, such as non-small cell lung cancer
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(NSCLC) (Campesato et al, 2015; Rizvi et al, 2015; Carbone et al; 2017), colorectal cancers
(Le et al, 2015), urothelial cancers (Balar et al, 2017; Powles et al, 2018), and melanoma
(Snyder et al, 2014; Van Allen et al, 2015; Johnson et al, 2016; Eroglu et al, 2018) is the tumor
mutational burden (TMB). TMB is the measure of the total amount of somatic coding mutations
within tumor cells. An increased TMB results in higher numbers of tumor-specific mutant
epitopes functioning as neoantigens, which can be recognized by immune cells to activate a
tumor-specific immune response in the setting of ICIs (Figure 1A). Use of TMB allows for a
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Figure 1 Strategies for enhancing response to anticancer therapy: A) Use of TMB as biomarker
for adequate selection of therapies (reproduced from Francello et al, 2019) and B) Use of ICI
combination therapies for simultaneous targeting of several inhibitory factors in the cancer-immunity
cycle (modified from Chen and Melman, 2013).
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tumor agnostic treatment approach which is highlighted by the recent approval of
pembrolizumab (anti-programmed cell death protein 1 [PD-1] antibody) for the treatment of
TMB-high (TMB-H) tumors by the Food and Drug Administration (FDA).

Another investigated strategy to improve response to ICls is the combination with other
immunotherapies or standard therapeutic modalities such as chemotherapy or radiotherapy.
ICI combination therapies aim to stimulate several factors of the cancer-immunity cycle (

), thereby activating multiple immune mechanisms and preventing tumor immune escape.
To summarize the progress in the discovery of promising ICI combination therapies between
2014 and 2018, a quantitative and qualitative data analysis was previously performed by CATO
SMS. The results of this analysis reported that, from the immuno-oncology clinical trials started
between January 2014 and January 2019, 90% assessed ICIs with at least one other therapy
in combination (Draghiciu et al, 2019). The top 5 evaluated combination therapies were: ICls
and chemotherapy, two different ICls, ICls and radiotherapy, ICls plus targeted therapies and
ICls plus chemoradiotherapy (Draghiciu et al, 2019).

One aim of the current paper is to assess whether this clinical trial landscape shifted between
2019 and the 1% half of 2020. We focused on recent clinical developments in the field of ICI
combination therapies as well as on next-generation ICls.

Current Clinical Developments 2019 to 2020
Immuno-oncology trials assessing ICl combination therapies

To elucidate recent developments in the clinical trial landscape assessing ICI combination
therapies, the competitive intelligence data platform GlobalData Plc was used to gather and
analyze relevant information. The public clinical trial database Clinicaltrials.gov was used as
validation and back-up database. All immuno-oncology Phase II, lI/1ll, and Ill combination trials
initiated between January 1%, 2019 and June 30™, 2020, and those assessing ICl combination
regimens, were part of the analysis.
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Combination immune-oncology trials initiated between Jan 1st, 2019 and Jun 30th,
2020. Depicted are: the numbers of immuno-oncology combination trials per trial phase (A) and ICI
combination trials per trial phase and year (B); the percentages of IClI combination trials per phase (C).
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potentially indicates that Phase Il trials with ICls may not meet their endpoints, highlighting that
there is a clear need for improved rationales for combination trials with IClIs and for an improved
mechanistic understanding to enable biology-driven combination approaches.

Top 5 combination therapies with ICIs

Assessment of the types of combination therapies with IClIs evaluated in the trials that started
during the same period revealed that around one-fourth (26%) of the total landscape of ICI
combination trials consisted of ICls plus targeted therapy ( ). This is followed closely
by the combination of ICIs plus chemotherapy, assessed in 24% of the analyzed trials (

). In 11% of the ICI combination trials, the complementary therapy used was a second ICI
compound, whereas 7% of trials evaluated the combination with radiotherapy. Approaches
using two standard of care therapies, chemotherapy and radiotherapy, plus an ICl (5%)
complete the Top 5 combinations assessed in the selected trials ( ). Additionally, the
remainder of ICI combination clinical trials (28%) investigate combinations with: a targeted
therapy plus a second ICI, with two different targeted therapies, with antiangiogenic
compounds alone or plus chemo- or radiotherapy, with cellular therapy or vaccines.
Noteworthy, while the identity of the Top 5 combinations with ICls assessed in clinical trials did
not change as compared to the period of 2014-2018 (Draghiciu et al, 2019), the updated
analysis highlights an increasing prevalence of targeted therapies being assessed in
combination with ICls starting 2019 (from 5% during 2014-2018 to 26% of combination trials).
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The top five combination therapies with ICls. Extracted from ICl combination therapies
investigated in trials initiated between Jan 1st, 2019 and Jun 30, 2020.

To further understand the development focus of ICI combination regimens in the entire cancer
immunotherapy field, we asked whether ICI combination therapies are predominantly
investigated in solid or in hematological tumors, or in both. Interestingly, ICI combination
therapies are used with a significantly higher percentage in solid versus hematological
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The use of immuno-oncology combination therapies with and without ICIs in solid
and hematological cancers. Extracted from ICI combination therapies investigated in trials initiated
between Jan 1%t, 2019 and Jun 30t 2020.
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malignancies (86% vs 26%%). This situation appears reversed when specifically looking at
immuno-oncology combination trials that do not investigate ICls (14% vs 74%; ).
These opposite results are similar to those reported in our previous analysis for 2014-2018 by
CATO SMS (Draghiciu et al, 2019) and highlight a consistent trend regarding the use of ICI
combination therapies over > 6 years.

Prominent tumor indications investigated in ICl combination therapy trials

In the current analysis, more than 26 different cancer types were categorized based on their
frequency of assessment in ICI combination trials initiated between Jan 1%, 2019 and Jun 30™,
2020. The most frequent investigated cancers, altogether covering 54% of the entire ICI
combination trial landscape, were: lung (16%), head and neck (6%), esophageal (6%),
melanoma (6%%), renal (5%), breast (5%), bladder (5%) and gastric (5%) cancers ( ).
The top 10 tumor indications assessed in ICI combination trials are all solid tumors.
Lymphomas are the most trialed indication in terms of hematological malignancies in this
analysis.
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Overview of tumor indications assessed in ICl combination trials between Jan 15, 2019
and Jun 30", 2020. *Please note that some trials assessed >1 tumor indication/trial.

Clinical data and regulatory approvals of ICI combination therapies

The most commonly recognized and studied inhibitory checkpoint pathways thus far are the
PD-1/programmed death ligand-1(PD-L) and cytotoxic T lymphocyte-associated molecule-4
(CTLA-4) pathways (Chen and Melman, 2013; Marin-Acevedo et al, 2018; Schmidt, 2019).
While promising initial results were obtained with ICI monotherapy, leading to approval of
several antibodies targeting the PD-1/PD-L1 and CTLA-4 pathways as early as 2011
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( ), the clinical utility of ICls is being expanded by investigating checkpoint
inhibitors in combination.

Conventional cancer treatment modalities, such as radio- or chemotherapy, or more novel
targeted therapies achieve antitumoral effects via mechanisms and pathways different from
those employed by ICls ( ). With this in mind, ICI combination therapies are
extensively evaluated in clinical trials for their potential synergistic or additive effects, ultimately
leading to supplemental approvals (by the FDA) or extensions of indications for most of the
initially approved ICls (by the European Medicines Agency [EMA]) ( ).

IClIs and targeted therapies

ICIs plus targeted therapies were (Draghiciu et al, 2019) and continue to be ( )
investigated in a large variety of tumor types due to the potential to target several oncogenic
pathways, including for example angiogenesis and DNA repair response that will be
highlighted in the following paragraphs.

One of the main factors involved in angiogenesis is the vascular endothelial growth factor
(VEGF), which stimulates tissue remodeling and is reported to have immunosuppressive
effects that render it a candidate target to potentiate ICI antitumoral immune responses
(Mansfield et al, 2013; Ott et al, 2015). From the plethora of clinical trials assessing ICI and
VEGF-targeted therapies thus far, the pivotal Keynote 426, Impowerl150, and JAVELIN 101
Phase lll trials are of particular relevance. In the Keynote 426 trial, an ICI combination therapy
consisting of the anti-PD-1 antibody pembrolizumab plus axitinib, which targets the VEGF
receptor, versus standard of care was evaluated in 861 patients with previously untreated
advanced renal cell carcinoma (RCC). The combined therapy led to an almost 24% difference
in ORR and an almost 12% difference in PFS across all risk groups and regardless of PD-L1
expression (Rini et al, 2019). These results highlight a substantial improvement in both
response rates and durability of responses, thus leading to approval of the combination for
treatment of patients with advanced RCC ( ). The Impower150 trial
assessed the anti-PD-L1 ICI atezolizumab in combination with the VEGF-targeting therapy
bevacizumab and chemotherapy in 1,045 NSCLC patients without endothelial growth factor
receptor (EGFR) or anaplastic lymphoma kinase (ALK) tumor mutations. Results reported a
median overall survival (OS) of 19.2 versus 14.7 months and a median PFS of 8.5 versus 7.0
months in the ICI combined therapy versus control (bevacizumab plus chemotherapy) groups,
with an increase in the median duration of response (DOR) from 6.5 to 10.8 months (Socinski
et al, 2018). Based on these results, and considering the acceptable safety profile, this ICI
combination therapy was approved by both the FDA and the EMA for first-line treatment of
metastatic non-squamous NSCLC ( ). Similarly, the results of the
JAVELIN 101 trial assessing the anti-PD-L1 ICl avelumab in combination with axitinib led to
its approval for first-line treatment of patients with advanced RCC ( ). Trial
results reported a statistically significant improvement in PES in the total population, with a
median PFS of 13.8 versus 8.4 months in the ICI combination therapy versus single-treatment
control arms (Motzer et al, 2019).

The second pathway to highlight is directly related to increasing the tumor mutational burden
and tumor-specific antigen release. The DNA damage repair machinery plays a crucial role in
cell cycle regulation and tumorigenesis (Jackson et al, 2009), and with its inhibition potentially
increasing the TMB of tumors by preventing DNA damage repair (Yan et al, 2018). In that
context, several clinical trials evaluating poly (ADP-ribose) polymerase (PARP) inhibitors in
combination with ICIs have been initiated in the last five years in various solid tumors, including
NSCLC and small cell lung cancer (SCLC), breast cancer, and cancers of the gastrointestinal
tract, many of which are currently still ongoing (see Yan et al, 2018). Since the recent approval
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for the treatment of ovarian cancers harboring BRCA mutations, the PARP inhibitor olaparib
has been investigated in combination with ICls for the treatment of patients with other solid
tumors. The results of an ongoing Phase Il trial evaluating the combined treatment of olaparib
and anti-PD-L1 monoclonal antibody durvalumab were recently published (Thomas et al,
2019). Of the evaluable patients with SCLC, around 21% had clinical benefit following
combined treatment, with around 11% presenting with partial or complete responses. These
are promising results for patients with SCLC, who continue to have one of the worst survival
rates (<6%) of all patients with cancer (Govindan et al, 2006; Imai et al, 2016). Interestingly,
all patients responding to treatment presented with an “inflamed” immune phenotype
characterized by the presence of CD8+ T cells in the tumors, intratumoral PD-L1 expression,
and high mutational tumor load (Thomas et al, 2019). These results may also suggest that high
intratumoral PD-L1 expression together with the presence of antitumor immune cells and a
high TMB, could be used as markers predictive of response to treatment. Other clinical trials
investigating IClI combination therapies with olaparib are currently ongoing in ovarian cancer
(NCT04015739) and bladder cancer (Phase II NEODURVARIB trial, NCT03534492;
Rodriguez-Moreno et al, 2020).

Combination therapies of multiple ICls

A different investigated strategy for simultaneous blockade of several oncogenic pathways
assesses the combination of two or more ICIs targeting different checkpoint molecules and
pathways (see ) (Schmidt, 2019). This combinatorial approach was initially
evaluated in patients with melanoma, where treatment with the anti-PD-1 monoclonal antibody
nivolumab in combination with the anti-CTLA-4 antibody ipilimumab in a pivotal Phase llI trial
led to a PFS of 11.5 versus 2.9 months following combination therapy versus ipilimumab alone
(CheckMate 067, Larkin et al, 2015). In PD-L1-positive patients, the median PFS was 14.0
months in both treatment groups, but in the PD-L1-negative patient subgroup, PFS was longer
with the combination approach compared with nivolumab alone (11.2 versus 5.3 months).
These promising results led to the first approval of nivolumab and ipilimumab as combined
therapy ( ) and fueled subsequent research in other solid tumors. The
Phase Il CheckMate 214 trial, performed in intermediate and poor-risk patients with previously
untreated advanced RCC, demonstrated the clinical superiority of nivolumab plus ipilimumab
over sunitinib (18-month ORR: 75% versus 60%, median OS: not reached versus 26.0 months;
Motzer et al, 2018), thus leading to the approval of this combination in this patient population
( ). Similar pivotal trials were performed in patients with metastatic
colorectal cancer (CRC; Phase Il CheckMate 142 trial: ORR of 55% following combined
therapy versus 28% following nivolumab alone; Morse et al, 2019) and hepatocellular
carcinoma (HCC; Phase I/l CheckMate 040 trial: ORR of 31-32%, depending on the
concentrations of the compounds used in the combined therapy; Yau et al, 2019). The
remarkable results recorded in these trials led to FDA-accelerated approvals for use of
nivolumab plus ipilimumab in patients with metastatic CRC in 2018 and in patients with HCC
in 2020 ( ).

ICIs and standard of care therapy

The second and third most frequently investigated combination therapies between 2019 and
2020 that include ICls consist of standard of care treatments, chemotherapy and radiotherapy,
which have been the backbone of anti-cancer therapy in the clinic for decades.

Cytotoxic chemotherapy has been speculated to have immunostimulatory properties that may
enhance the antitumoral effects of ICIs (Coffelt et al, 2015) by increasing tumor
immunogenicity, disrupting immune suppressive pathways, inducing immunogenic cell death,
and potentiating T cell responses (Zitvogel et al, 2013; Galluzzi et al, 2015; Apetoh et al, 2015;
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Gotwals et al, 2017). Combination therapies of ICls and chemotherapy have been studied
primarily in NSCLC, providing expanded treatment options with improved outcomes. The 2017
FDA approval of pembrolizumab combined with carboplatin/(nab)paclitaxel for treatment of
patients with squamous NSCLC ( ) has encouraged the investigation of
ICI and chemotherapy combinations in other types of cancers within the last years. The results
obtained from the Phase Ill Keynote 048 trial in patients with metastatic/unresectable recurrent
head and neck squamous cell carcinoma, namely a median OS of 13.0 vs 10.7 months
following combined pembrolizumab and platinum plus 5-fluorouracil (5-FU) versus cetuximab
combined with the same chemotherapy (Burtness et al, 2019), demonstrated the superiority of
using the ICI chemotherapy combination and led to the approval as front-line treatment for this
patient population in 2019 ( ). The most recent approval of a combination
therapy of ICI plus chemotherapy was granted by the FDA in March 2020 for durvalumab in
association with etoposide and cisplatin/carboplatin for first-line treatment of patients with
extensive-stage SCLC ( ). The approval was based on the results of the
Phase Il CASPIAN trial, which reported a median OS of 13.0 versus 10.3 months in the
combined therapy versus chemotherapy alone groups (Paz-Ares et al, 2019). Together with
the increased amount of clinical trials initiated since 2019 that focus on ICI plus chemotherapy
treatment regimens ( ), this highlights their central roles in cancer treatment.

Similar to chemotherapy, radiotherapy remains a backbone treatment modality for different
types of cancer. Its main mechanisms of action are induction of single- and double-stranded
DNA breaks and activation of multiple signaling pathways (Formenti et al, 2009), ultimately
leading to tumor cell death that can further initiate systemic antitumoral immune responses
and trigger abscopal effects (Siva et al, 2013). The putative synergy in antitumoral activity of
radiotherapy and ICls (Sharabi et al, 2015) has led to enhanced clinical research efforts in the
past years (Draghiciu et al, 2019; ). For example, ipilimumab in combination with
radiotherapy evaluated in a single-arm Phase Il trial in patients with melanoma and
unresectable brain metastases led to a 1-year OS of 31.8%, which is higher than historically
reported results for this patient population (Lopez-Martin et al, 2018). Nevertheless, clinical
data supporting the routine application of ICls combined with only radiotherapy remains limited
and approaches including both chemo- and radiotherapy in association with ICls have proven
a better efficacy (Antonia et al, 2017). For example, the Phase lll randomized PACIFIC trial
investigating the role of durvalumab therapy following chemoradiation of 713 stage Il NSCLC
patients reported an 18-month PFS rate of 44.2% versus 27.0% in patients receiving
durvalumab versus placebo (Antonia et al, 2017), thus leading to approval of this compound
in NSCLC ( ). Various radiotherapy and ICI combination therapies are
currently being evaluated in other tumor types in clinical trials initiated since 2019, such as
nasopharyngeal (NCT03907826) and hepatocellular (NCT04167293) carcinomas or
endometrial (NCT04214067) and colorectal (NCT03927898) cancers.

Clinical development of next-generation checkpoint modulators

While first-generation ICIs have revolutionized cancer treatment, targeting of novel pathways
with the help of next-generation ICIs may further benefit patients. In recent years, the focus
shifted towards direct lymphoid targeting agents and agents targeting the tumor
microenvironment (TME) or antigen-presenting cell (APC) maturation processes. These two
classes of agents as next-generation ICIs are being investigated as mono- as well as
combination-therapies.

The most investigated next-generation lymphoid checkpoint modulators for
combination therapies are lymphocyte-activation gene 3 (LAG-3), T cell immunoreceptor with
immunoglobulin and immunoreceptor tyrosine-based inhibitory motif domains (TIGIT), T-cell
immunoglobulin and mucin-domain containing-3 (TIM-3), and CD73, which are often co-
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expressed with PD-1/CTLA-4 but play different roles in specific anatomic locations (Anderson
et al, 2016).

Our analysis shows that, currently, indoleamine-2,3-doxygenase 1 (IDO1) and colony
stimulating factor 1 receptor (CSF-1R) are two TME modulating agents that are actively being
investigated in combination trials with ICIs.

LAG-3 downmodulates lymphocyte responses in infection and cancer (Woo et al, 2012). Of
the four anti-LAG-3 antibodies currently in clinical development, relatlimab is the most
advanced and has also been assessed in combination therapies. In pretreated melanoma
patients, relatlimab plus nivolumab therapy led to an 11.5% ORR and 49% disease control
rate, with responses correlating with LAG-3 expression levels, irrespective of PD-L1
expression (Ascierto et al, 2017). Furthermore, the toxicity of combined therapy was similar to
that of nivolumab alone or historical controls (Ascierto et al, 2017), thus highlighting the
remarkable results for a patient population with no therapeutic options up to now. These
promising results fueled recent investigations of relatlimab plus nivolumab in other solid tumors
( ), with a total of 11 clinical trials starting in 2019.

TIGIT interferes with the co-stimulatory axis composed of the CD226 receptor
expressed on NK cells, T cells, and monocytes and CD155 and CD122 as ligands, expressed
on dendritic cells and tumor cells (Anderson et al, 2017). In patients with melanoma, TIGIT
was shown to synergize with PD-1 (Chauvin et al, 2015; Kurtulus et al, 2015), with TIGIT-PD-
1 co-blockade leading to increased CD8+ T cell proliferation and cytokine production (Chauvin
et al, 2015). More recently, TIGIT expression in advanced cancers such as breast, colon, and
lung, was reported to be associated with PD-L1 expression (Pal et al, 2018). From the anti-
TIGIT combination therapies assessed thus far, tiragolumab plus atezolizumab therapy has
progressed to Phase lll clinical trials in NSCLC or SCLC. Both Phase lll trials were initiated in
2020 ( ), with results expected in 2023-2025.

Signaling mediators of the TIM-3 glycoprotein remain to be completely elucidated. TIM-
3 is upregulated in tumor-infiltrating lymphocytes in lung, gastric, head and neck cancers,
melanoma, and B-cell non-Hodgkin lymphoma, and has multiple biologically heterogenic
ligands, such as carbohydrate-binding galectin-9 with immunosuppressive functions (Chiba et
al, 2012; Huang et al, 2015) and the carcinoembryonic antigen-related cell adhesion molecule
1 (Huang et al, 2015). Similar to LAG-3, TIM-3 is usually co-expressed with PD-1 by exhausted
T cells and its blockade synergizes with anti-PD-1 (Han et al, 2013). Of the anti-TIM-3
monoclonal antibodies investigated in clinical trials, four are currently evaluated in combination
therapies in solid tumors, lymphoma or myelodysplastic syndromes (MDS;

). Starting 2019, three Phase Il trials have been initiated, assessing TSR-022 combination
therapies in hepatocellular carcinoma and melanoma and assessing MBG453 combination
therapies in MDS. The results reported thus far are from the Phase Ib trial evaluating MBG453
in combination with decitabine in patients with high-risk MDS (NCT03066648), where 50% of
patients achieved complete responses, with none of the responding patients having disease
recurrence (Borate et al, 2019). In June 2020, the first Phase Il trial with MBG453 in
combination with azacytidine was initiated in patients with high-risk MDS (

).

Another lymphoid target in development is CD73, an enzyme expressed on the surface
of cancer cells and whose main role is to convert AMP to free adenosine, which in turn
contributes to the inhibition of cellular immune responses and tumor immune escape (Kordas
et al, 2018). While CD73 is overexpressed both in multiple solid tumors and leukemias, and its
inhibition enhances the activity of cytotoxic lymphocytes, combination with other therapies is
required for achieving significant survival advantage (Young et al, 2016). The initially reported
synergy with anti-PD-1/PD-L1 or anti-CTLA-4 antibodies in preclinical studies (lannone et al,
2014; Hay et al, 2016; Willingham et al, 2018) led to evaluation of such combination therapies
in early-phase clinical trials. Preliminary results from a first-in-human Phase | trial with the anti-
CD73 antibody oleclumab combined with durvalumab in patients with advanced CRC reported
encouraging activity of the combination, with sustained reduction in soluble and T-cell
expressed CD73 across all doses and patients (Overman et al, 2018). This, together with the
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manageable safety profile, led to the continued clinical evaluation of this combination
( ), in three clinical trials initiated since 2019.

Several types of non-lymphoid cells present in the tumor microenvironment have been
reported to play crucial roles in the activation, intratumoral infiltration, and cytotoxic activity of
antitumor immune cells (Mantovani et al, 2017; Belli et al, 2018). In this context, using next-
generation checkpoint modulators to target key enzymes or growth factor receptors expressed
by non-lymphoid cells that negatively regulate antitumor immune responses is a potential
avenue for improving treatment outcome.

IDO1 is a cytosolic enzyme that inhibits immune activation through several
mechanisms: direct signaling through its ITIM domain (Mbongue et al, 2015), inhibition of the
mammalian target of rapamycin (MTOR) by depleting tryptophan (Hwu et al, 2000; Kudo et al,
2001; Frumento et al, 2001), and stimulating kynurenine formation, which potentiates
regulatory T cell (Treg) activity (Gutierrez-Vazquez et al, 2017). Furthermore, IDO1 was shown
to mediate both primary and acquired resistance to anti-CTLA4 therapy (Spranger et al, 2013;
Holmgaard et al, 2013), specifically with tumors expressing this enzyme developing potent
immune resistance mechanisms (Uyttenhove et al, 2003). Of the multitude of agents currently
in clinical investigations for targeting IDO1, next-generation checkpoint agents structurally
related to tryptophan, such as indoximod (D-methyl-tryptophan), have proven the greatest
success in combination therapies thus far. In a Phase Il randomized trial assessing indoximod
in combination with the dendritic cell vaccine sipuleucel-T in patients with metastatic resistant
prostate cancer ( ), an increase in PFS from 4.1 to 10.3 months was
reported in the combined indoximod plus sipuleucel-T versus the single sipuleucel-T treatment
arm (Jha et al, 2017). Furthermore, in patients with pancreatic adenocarcinoma (

), the combination of indoximod and gemcitabine and nab-paclitaxel showed
preliminary efficacy in a Phase Il trial, with an ORR of 37% (Bahary et al, 2016). In view of
these promising preliminary results, indoximod is currently being evaluated in combination
therapies with chemoradiotherapy ( ). Another IDO1 inhibitor is
epacadostat, an IDO1-selective hydrozyamidine reported to have low toxicity at
pharmacologically effective doses in a Phase | clinical trial (Beatty et al, 2017). The further
clinical evaluations of epacadostat in combination with other therapies in larger clinical trials
was initiated, of which the ECHO-301 Phase Il trial is of particular relevance. Assessment of
epacadostat combined with pembrolizumab in patients with melanoma in the ECHO-301 trial
failed to show superiority over pembrolizumab alone (Long et al, 2018). These results triggered
a slowdown in the clinical development of all IDO1 inhibitors during the course of 2018 and
beyond, with only two trials initiated with epacadostat combination therapy starting in 2019
( ). A promising IDO1 inhibitor is BMS-986205, a fluoroquinolone
derivative with higher potency and stability as compared with other IDO1 inhibitors
(Prendergast et al, 2017). In a Phase I/ll trial in patients with solid tumors, BMS-986205 in
combination with nivolumab led to an ORR of 50% in patients with tumor PD-L1 expression
21% versus 30% in patients with tumor PD-L1 expression <1% (Luke et al, 2017). This
highlighted the therapeutic benefit of combining BMS-986205 with nivolumab, a therapy
currently investigated in endometrial cancer (

Another target in development with immune checkpoint |nh|b|tors is CSF-1R. CSF-1R
is a tyrosine kinase receptor belonging to the platelet-derived growth factor family, and whose
inhibition was shown to modulate both the phenotype and recruitment of tumor-associated
macrophages (TAMSs), thus potentiating the efficacy of PD-1/PD-L1, CTLA-4, or IDO1 inhibition
(Ries et al, 2014; Cannarile et al, 2017). This is of particular relevance given the capacity of T
cells to secrete CSF-1 upon PD-1 inhibition, a reported mechanism of acquired resistance
(Eissler et al, 2016). Pharmacological inhibition of CSF-1R is currently under investigation, with
a particular focus on ovarian cancer, pancreatic cancer or glioma, in which TAMs play a crucial
role (Zhu et al, 2014; Quail et al, 2016). The main CSF-1R targeting agent investigated thus
far in combination therapies with promising preliminary results is emactuzumab. In a recent
Phase | clinical trial in patients with solid tumors including ovarian cancer (

), combined emactuzumab and paclitaxel-based chemotherapy revealed depletion of
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immunosuppressive M2-like TAMs (Gomez-Roca et al, 2019). These results fueled further
evaluations of emactuzumab and paclitaxel in ovarian cancer, alone or in association with
bevacizumab, in a currently ongoing Phase Il trial ( ), with results
expected in the near future.

Conclusions

The results of our analysis and overview offer a broad and detailed summary of the recent
trends in ICI combination trials, thus representing a tool for obtaining an exhaustive view of the
present status and new advances in the immuno-oncology checkpoint inhibitor and modulator
field. The in-depth understanding of the recent trial landscape of ICls in combination therapies,
is crucial in guiding the development and design of future clinical trials for novel ICI
combinations in tailored approaches for specific disease types and subsets of selected patients
for an optimized cancer management. The results of our analysis support the selection and
implementation of the most suitable changes in trial design, objectives and proof-of-concept
read-outs. Lastly, the anticipated results of ongoing Phase II/1ll trials with next-generation ICls
will confirm their potential as novel therapeutic modalities for oncology patients, contributing to
overall anticipated changes in the current cancer treatment paradigm.

Immunotherapy is a mainstay in cancer therapy and will remain a fast evolving and complex
field. This is despite the impact of the COVID-19 pandemic (Upadhaya S et al, 2020).
Navigating the continuous development will depend on clear medical and biological rationales
to direct the clinical strategies supporting their translation ‘from bench to bedside’.
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Appendix A — Table 1. Overview of approved ICls, alone or in combination therapies

Drug MoA approval

Approved indications*

single agent

Approval of combination

Approved indications*
combination therapies

o Unresectable/metastatic melanoma |e Unresectable/metas |¢ Squamous e Sguamous * Metastatic squamous e Metastatic squamous
e NSCLC tatic or Stage Il NSCLC: May NSCLC: Jan NSCLC, in combination NSCLC, in
e HNSCC melanoma 2017 2019 with carboplatin or combination with
o Relapsed/refractory classical o Metastatic NSCLC | Non-squamous |¢ Non- paclitaxel/nab-paclitaxel | carboplatin or
Hodgkin lymphoma e Metastatic/unresect | NSCLC withno | squamous * Metastatic non- paclitaxel/nab-
e Locally advanced/metastatic able HNSCC EGFR/ALK NSCLC with squamous NSCLC with paclitaxel
urothelial carcinoma ¢ Relapsed/refractory | mutations: Oct no GFR/ALK no EGFR or ALK » Metastatic non-
e RCC classical Hodgkin 2018 mutations: Oct | genomic tumor squamous NSCLC
‘% « Relapsed/refractory PMBCL lymphoma e HNSCC: Jun 2018 aberrations, in with no EGFR or ALK
€ o MSI-H or dMMR cancer e Locally 2019 e HNSCC: Oct combination with genomic tumor
N * Gastric cancer/Gastroesophageal advanced/metastati » RCC: Jun 2019 | 2019 pemetrexed and aberrations, in
= Sep May junction adenocarcinoma ¢ urothelial e Endometrial e RCC: Jul 2019 platlnum CT combination with
o 2014 2015 |, Esophageal cancer carcinoma carcinoma: Sep e Metastatic or perr_letrexed and
g « Cervical cancer e Metastatic/unresect | 2019 unresectable/recurrent platinum _CT
& « Hepatocellular carcinoma able HNSCC HNSCC, in combination |e Metastatic/unresecta
o : with platinum and FU ble HNSCC, in
° Merkel_cell carcinoma . . e Advanced RCC, in combination with
* BCG-high risk non-muscle invasive combination with platinum and FU
Antic ks)iltaudder cancer with carcinoma in a):::tinib . | R Advabr)cetq RC(_:thin
: e Advanced endometrial combination wi
PD-1 * Metastatic SCLC carcinoma that is not axitinib
mAbs * Adult and pediatric TMB-H cancer MSI-H or dMMR, in
. Recurrent/metastatl_c cutaneous combination with
squamous cell carcinoma lenvatinib
o Unresectable/metastatic melanoma |e Unresectable/meta |e Melanoma: e Melanoma: e Unresectable/metastati |e Unresectable/metast
e Metastatic NSCLC static melanoma Sep 2015 Apr 2018 ¢ melanoma, in atic melanoma, in
e Advanced RCC e Locally e RCC: Apr 2018 |e RCC: Nov combination with combination with
e Classical Hodgkin lymphoma advanced/metastati |¢ HCC: Mar 2018 ipilimumab ipilimumab
¢ Recurrent/metastatic HNSCC c NSCLC 2020 ¢ Intermediate or poor e Advanced, untreated
Q o Locally advanced urothelial e Advanced, ¢ CRC: Jul 2018 risk previously RCC, in combination
g carcinoma previously treated untreated advanced with ipilimumab
S Dec Jun |4 MSI-H or dMMR CRC RCC RCC, in combination
© 2014 | 2015 |e HCC « Classical Hodgkin with ipilimumab
= « Recurrent/metastatic SCLC lymphoma ¢ HCC, in combination
z e Recurrent/metastati with ipilimumab
c HNSCC e MSI-H or dAMMR
e Locally advanced metastatic CRC, in
unresectable/metas combination with
tatic urothelial ipilimumab
carcinoma
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¢ Locally advanced/metastatic e Locally e NSCLC: Dec e TNBC: Jun * Metastatic non- e Unresectable locally
urothelial carcinoma advanced/metastati 2018 2019 squamous NSCLC with advanced/metastatic
¢ Metastatic NSCLC c urothelial e TNBC: Mar e NSCLC: Jul no EGFR or ALK TNBC, in
carcinoma 2019 2019 genomic tumor combination with
e Locally e SCLC: Mar e SCLC: Jul aberrations, in nab-paclitaxel
advanced/metastati 2019 2019 combination with e Metastatic non-
¢ NSCLC bevacizumab, squamous NSCLC
_% paclitaxel, and with no EGFR or
£ carboplatin or with nab- | ALK genomic tumor
N May Jul paclitaxel and aberrations, in
= 2016 2017 carboplatin combl_natlon with
g * Unresectable locally bevacizumab,
o advanced/metastatic paclitaxel, and
< TNBC, in combination carboplatin
with nab-paclitaxel o Extensive-stage
* Extensive-stage SCLC, SCLC, in
in combination with combination with
carboplatin and carboplatin and
etoposide etoposide
Anti-
PD-L1 o Merkel cell carcinoma * Metastatic Merkel May 2019 Oct 2019 e Advanced RCC, in combination with axitinib
'% mADbs e Locally advanced/metastatic cell carcinoma
= Mar Sep urothelial carcinoma
3 2017 | 2017
>
<
e Locally advanced/metastatic e Locally advanced, Mar 2020 - e Extensive-stage SCLC, | -
2 urothelial carcinoma unresectable in combination with
I e Unresectable Stage IIl NSCLC NSCLC etoposide and either
E] May Sep carboplatin or cisplatin
g 2017 | 2018
S
[a)]
o * Metastatic/locally advanced cutaneous squamous cell
© carcinoma
% Sep Jun
= 2018 2019
o)
O]
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e Unresectable/metastatic melanoma |e Unresectable/meta |e Melanoma: ¢ Melanoma: e Unresectable/metastati | ¢ Unresectable/metast
e Cutaneous melanoma static melanoma Sep 2015 Apr 2018 ¢ melanoma, in atic melanoma
(adults and e RCC: Apr 2018 |e RCC: Nov combination with (adults), in
adolescents >12 e HCC: Mar 2018 nivolumab combination with
years) 2020 e Intermediate or poor nivolumab
o ) e CRC: Jul 2018 risk previously o Intermediate/poor-
g Anti- untreated advanced risk advanced RCC,
5 CTLA4 Jul RCC, in combination in combination with
§ mADb 2011 2011 with nivolumab nivolumab
= e MSI-H or dAMMR
= metastatic CRC, in
combination with
nivolumab
e HCC, in combination
with nivolumab

*These represent extensions of the original indication, classified as supplements to the original approval.

MoA: mechanism of action; ALK: anaplastic lymphoma kinase; BCG: Bacille Calmette-Guerin; CRC: colorectal cancer; CT: chemotherapy;
CTLA-4: cytotoxic T-lymphocyte-associated protein 4; dMMR: mismatch repair deficient; EGFR: endothelial growth factor receptor; EMA: European Medicines
Agency; FDA: Food and Drug Administration; FU: fluorouracil; HCC: hepatocellular carcinoma; HNSCC: head and neck squamous cell carcinoma; MSI-H:
microsatellite instability high; NSCLC: non-small cell lung cancer; PD-1: programmed cell death protein 1; PD-L1: programmed death ligand 1; PMBCL: primary

mediastinal B-cell lymphoma; RCC: renal cell carcinoma; SCLC: small cell lung cancer; TMB-H: tumor mutational burden-high; TNBC: triple-negative breast
cancer.
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Table 2. Next generation checkpoint inhibitors in combination therapies assessed in clinical trials.

Drug group Target Compound Combination therapy Tumor type Selected clinical trials (phase and ID)
Lymphoid LAG-3 Relatlimab e Anti-PD-1 (nivolumab) * anti- ¢ Solid tumors e Phase I/ll, NCT01968109 (Ascierto et
inhibitors CTLA-4 (ipilimumab) e NSCLC al, 2017)

e For the NCT04062656 trial: Anti- | e Metastatic melanoma ¢ Phase Il, NCT04205552*
PD-1 (nivolumab) + anti-CTLA-4 | ¢ Head and neck cancer | e Phase Il, NCT03743766*
+ chemotherapy (oxaliplatin, e Gastric cancer e Phase Il, NCT04080804*
docetaxel, and 5-FU) e Colorectal cancer Phase Il, NCT04326257*"
e AML e Phase Il, NCT04062656*
Phase Il, EudraCT-2018-000383-28*"
e Phase Il, NCT03867799*
e EudraCT-2018-002939-21*
TIGIT Tiragolumab e Anti-PD-L1 (atezolizumab) e NSCLC ¢ Phase Ill, NCT04294810*
e Anti-PD-L1 (atezolizumab) + e SCLC e Phase Ill, NCT04256421*
chemotherapy (carboplatin an
etoposide)
TIM-3 Sym023 e Anti-PD-1 (Sym021) ¢ Solid tumors, lymphoma | ¢ Phase |, NCT03311412
TSR-022 e Anti-PD-1 (TSR-042) ¢ Solid tumors e Phase |, NCT02817633
¢ Hepatocellular ¢ Phase Il, NCT03680508*
carcinoma e Phase Il, NCT04139902*
e Melanoma
MBG453 e Anti-PD-1 (PDR001) ¢ Solid tumors e Phase I/ll, NCT02608268
¢ Decitabine o Myelodysplastic e Phase Ib, NCT030066648 (Borate et
¢ Hypomethylating agents syndromes al, 2019)
e Azacitidine Phase Il, NCT03946670*
Phase Ill, NCT04266301*
LY3321367 e Anti-PD-1 (LY3300054) e Solid tumors e Phase |, NCT03099109
CD73 Oleclumab ¢ Anti-CTLA-4 (durvalumab) e Colorectal cancer e Phase |, NCT02503774 (Overman et
e Prostate cancer al, 2018)
e Breast cancer ¢ Phase Il, NCT04089553*
e NSCLC e Phase Il, NCT03875573*

¢ Phase Il, NCT03493581
Phase Il, NCT03794544*
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i
Non- IDO1 Indoximod o Cellular therapy (sipuleucel-T) o Metastatic prostate | e Phase Il, NCT01560923 (Jha et al,
lymphoid « Chemotherapy (gemcitabine, nab- cancer 2017)
inhibitors paclitaxel) ¢ Glioblastoma and Phase 1l, NCT02077881 (Bahary et al,
e Chemotherapy and radiation glioma 2016)
¢ Phase Il, NCT04049669*
Epacadostat ¢ Anti-PD-1 (pembrolizumab) e Melanoma ¢ Phase Ill, NCT02752074 (Long et al,
¢ Anti-VEGF (bevacizumab) + radiation | ¢ Head and neck 2018)
cancer ¢ Phase Il, NCT03823131*
¢ Glioblastoma and ¢ Phase Il, NCT03532295*
glioma
BMS-986205 e Anti-PD-1 (nivolumab) or anti-PD-1 e Solid tumors e Phase I/ll, NCT02658890 (Luke et al,
(nivolumab) + anti-CTLA-4 e Endometrial cancer 2017)
(ipilimumab) e Phase Il, NCT04106414*
CSF-1R | Emactuzumab | e« Chemotherapy (paclitaxel) ¢ Solid tumors e Phase |, NCT01494688 (Gomez-Roca
o Chemotherapy (paclitaxel) £ VEGF- ¢ Ovarian cancer et al, 2019)
targeted therapy (bevacizumab) e Phase Il, NCT02923739

*Initiated between Jan 1%, 2019 and Jun 30t 2020.
~Relatlimab combined with nivolumab in association with ipilimumab.

5-FU: 5-fuorouracil; AML: acute myeloid leukemia; CD73: cluster of differentiation 73; CTLA-4: cytotoxic T-lymphocyte-associated protein 4;
CSF-1R : colony stimulating factor 1 receptor; IDOL1: indoleamine 2,3-dioxygenase 1; ITIM: immunoreceptor tyrosine-based inhibitory motif; LAG-3: lymphocyte-
activation gene 3; NSCLC: non-small cell lung cancer; PD-1: programmed cell death protein 1; PD-L1: programmed death ligand 1; TIGIT: T cellimmunoreceptor
with immunoglobulin and ITIM domains; TIM-3: T-cell immunoglobulin and mucin-domain containing-3; SCLC: small cell lung cancer.
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