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Abstract (words-max 250: 250)

Advances in understanding the myeloma biology &navn that disease progression is not only the
consequence of intrinsic tumor changes but alsotefactions between the tumor and the microenwnemt
in which the cancer grows. Immune system is an itapb component of the tumor microenvironment in
myeloma, and acting on immune system is an apgeaéw treatment strategy. There are 2 ways to act
towards immune cells and boost anti-tumor immuriijyto increase antitumor activity (acting on T afid
cytotoxic cells); and 2) to reduce immunosuppresgéaeting on myeloid-derived stem-cells and T
regulatory cells). Checkpoint inhibitors and adeptiell therapy (ACT) are two of the main actoogjether
with monoclonal antibodies and immunomodulatoryragiein the immune-oncologic approach. The aim of
checkpoint inhibitors is to release the brakes Ithatk the action of the immune system againstuheor.
Anti-programmer death-1 (PD1) and PD1-Ligand, ab aganti-CTLA4 and KIR are currently under
evaluation, as single agents or in combinatior) wit far the best results achieved with combinadifcemnti-
PD1 and immunomodulatory agents. The aim of ACID isreate an immune effector specific against the
tumor. Preliminary results on chimeric antigen moe(CAR) T cells, first against CD19, and moreeamtly
against B cell maturation antigen, have shown doige durable responses in heavily pretreated patien
This review will focus on the most recent clinicasults available on the use of checkpoint inhikieind

CAR-T cells in myeloma, in the context of the nemmune-oncologic approach.
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I ntroduction

There have been significant advances in the uratetstg of the biology of multiple myeloma (MM) in
recent years. In the classical view of the pathegmnof MM, an initiating hit is necessary to imtadize a
myeloma-propagating cell. This cell then acquimddittonal genetic hits over time, mediated by
translocation, loss of heterozygosity, gene angaltfon, mutation, or epigenetic changes, whichhtmt
deregulate the behavior of the MM-propagating dedlding step by step to the well-known MM features
Many of the genes and pathways mediating this fioamsition process have now been characterized.
Nevertheless, disease progression is not onlydhserjuence of intrinsic tumor changes. Interactions
between the tumor and the microenvironment in witiehcancer grows, play an essential faled the
focus of studies has shifted from the disease idehe to the disease in the context of the
microenvironment where the tumor grows. Immuneesysis an important component of the tumor
microenvironment in MM, as well as in many othen@ars, and is the focus of the immune-oncology
approach.

Rationale for immune-oncoloqy

The immune system can potentially recognize arettdpe tumor. Tumor cells can express aberrant
antigens i.e. molecules expressed in tumor cealisnot in normal cells. These can be normal callula
proteins that are abnormally expressed as a refsgéinetic mutations, quantitative differences in
expression, or differences in posttranslational ifiations? In tumor types that have a well-documented
viral origin, viral proteins can also serve as tumotigens.> Tumor antigens are first recognized by the
innate immune system subsets, among which natilierl {NK) cells have the capability to kill tumaells.
Macrophages and dendritic cells then uptake ancegsofragments from these destructed cells, secrete
inflammatory cytokines and present tumor cell-dedivnolecules to T and B cells. Activation of T- d@d
cells leads to the expansion of tumor-specific clelhes and antibodies. Moreover, adaptive immunity
subsets produce additional cytokines that furthempte activation of innate immunity. The final yoathe
adaptive immune system is to the eliminate the m@imgtumor cells and to generate immune memory
against specific tumor components, thus prevertinr recurrence.

This process can result in different outcomes. ghlyi immunogenic tumor in a highly immunocompetent

individual can eliminate the arising tumor. In adémmunocompetent individual and/or in case of les



immunogenic tumor, there can be an incomplete shtion leading to the survival of some cancer d¢bbs
nevertheless remain under immunosurveillance. piése could be at some point disturbed by chamges i
the tumor that allow it to avoid immunosurveillanoe changes in the immune system that weaken its
capacity to keep the tumor under control, leadintmimor escapéThe escape phase of immunosurveillance
is characterized by an increase in immunosuppressills, such as regulatory T cells (Tregs) andonye
derived suppressor cells (MDSC). Immunosuppressitekines derived from Tregs, MDSC and tumor cells
themselves can hamper the effector function ofIlE.&&°

MM is characterized by a profound immune dysfunctidfecting both the innate and adaptive immune
systent' Antigen cross-presentation is the dominant meamauif tumor antigen primingand as a
conseguence, the functional status of antigen ptiesecells (APCSs) is crucial. Dendritic cells frdviv
patients are functionally impaired and express/pcedower levels of critical molecules that cariate the
immune response (such us interleukin 12 (IL-12)AHDR, CD40, CD86, and CD8GY.**Regulatory T

cells may exert immunosuppression by several mestmanincluding production of anti-inflammatory
cytokines (IL-10 and TGFb), and reduction in I:2MDSCs inhibit T cells by producing arginase-1,
reactive oxygen species, and nitric oxtleMM cells themselves play an important role in mtaining
immunosuppression. As an example, they can prodGé$ and express PDL-1, both leading to T cells
inhibition. Taken together, all these mechanisnggeat a complex interaction between MM cells ard th
immune system, with several possible targets feirimune-oncologic approach.

| mmune-oncologic approach in MM

Immune therapy can be directed against the turgelf ibr towards immune cells. There are 2 strategie

act towards immune cells and boost anti-tumor imitguone consists in increasing antitumor activity
(acting on T and NK cytotoxic cells), the other émeeducing immunosuppression (acting on MDSC and
Tregs). Treatment approaches include monoclondadies (mAbs) targeting surface molecules presant
MM cells, mAbs targeting checkpoint inhibitors enmune cells/tumor cells, immunomodulation, vaccines
and adoptive cell therapy (ACT). Several targetsydver, are expressed on both MM cells and immune
cells, thus leading to complex mechanism of actions

The review focuses on checkpoint inhibitors andanehtic antigen receptor (CAR)-T cells based ACT

(Figure 1). To contextualize the role of checkpoint inhibt@and ACT in the immune-oncology approach,



we will provide a brief summary of the main meclsams by which mAbs targeting surface molecules
present on the MM cells, immunomodulation and vagesiact on the immune system .

Elotuzumab is a mAb targeting SLAMF7 (also knowrC&s1), present on both MM cells and NK cells. It
causes MM cell death via a dual mechanism of acfibe Fab portion of Elotuzumab binds SLAM F7 on
MM cells, the Fc portion binds CD16 on NK. Thisdrdction triggers NK activation, release of cytitox
granules and MM cell killing”*® This agent did not show efficacy as single ageutproved to be effective
in combination with both lenalidomide and bortezZoii®

Daratumumab is a human IgG1 mAb that targets CD®Bessing cells. Daratumumab binding to CD38
induces tumor cell death through direct and indineechanisms. It can induce apoptosis via CD38seros
linking and have an anti-tumor effect mediatedhsy dctivation of complement dependent cytotoxicity,
antibody dependent cell phagocytosis and antibegyeddent cell cytotoxicity. CD38 is also expressed
highly immunosuppressive Treg and Breg cells, dsagson MDSC; daratumumab eliminates these highly
immunosuppressive cells, thus stimulating cytotdxiell mediated antitumor effects?° Daratumumab
showed efficacy as single agent in heavily pretégpatient$>*’ as well as in combination with bortezomib
and with lenalidomidé®?°

Immunomodulatory drugs are of particular intereastambination with both mAbs and checkpoint
inhibitors. In particular, lenalidomide enhancesnumogenicity by inducing T-cell activation through
increased tyrosine kinase activity of the CD28 ptme downregulation of CD45RA on T cells, and
downregulation of SOCS1 on stromal cells in theragavironment®>*The aim of vaccines is to increase
the frequency of antigen-specific T cells or antiles. VVaccination approaches in MM include idiotype
vaccines, dendritic cell-based and GM-CSF-basedinas and cancer testis antigens vaccines.
Nevertheless, the main limitations to the effica€yhis approach is the intrinsic immune dysfunetio
associated with the tumor itself, especially inphesence of high disease burden, and the use in a

therapeutic setting and not prevention settingasifti-pathogen vaccinés.

Checkpoint blockade therapy

Inhibitory molecules known as “immune checkpoiratpins” are expressed by a variety of immune cells

(e.g. T and NK cells) to control the intensity ahdation of immune responses, playing a pivota iolthe



induction of peripheral self-tolerance and the tation of tissue damagéThe avoidance of immune-
mediated destruction is a well-known hallmark afiar biology’® as discussed above. MM cells like many
other cancer cells exploit this physiologic meckanto escape the surveillance mediated by the iramun
system. The main immune checkpoint pathways tadgat®M are cytotoxic T-lymphocyte-associated
antigen 4 (CTLA4), programmed cell death prote{ffD1), programmed cell death ligand 1 (PD-L1) and
Killer-cell immunoglobulin-like receptors (KIRs).li@ical results of their inhibition through mAbs in
myeloma field are summarized Tiable 1.

CTLA-4

CTLA-4 was the first immune checkpoint moleculdifithg the requirements to be clinically targetied
cancer® CTLA-4 is a fundamental negative regulator of Tl-iinction and its absence causes immune
hyperactivation and lethal diffuse lymphocytic ftrfition in mice modelé’ In T-cells, CTLA-4 antagonizes
the activating signal mediated by CD28, competorglie same ligand (B7-1) expressed by dendritis.&
Upon the binding of B7-1, CTLA-4 induces in T-cedistigen-specific anergdy.

In MM patients, CTLA-4 is significantly overexpresson CD4+ and CD8+ T cells in the bone marrow but
not in the peripheral blood, compared to healthyas? This evidence suggests an enhanced T-cell
unresponsiveness towards MM cells, especiallyatumor site, that can be theoretically reverted by
CTLA-4 inhibition. Building on this hypothesis ana the clinical success of CTLA-4 inhibition in
melanoma patient§,two mAbs targeting CTLA-4 are in clinical develognt in MM.

Ipilimumab (1gG1, fully human) has been studiecasngle agent in 29 hematologic patients (21% with
MM) relapsing from allogeneic stem-cell transpldiatain order to stimulate thgraft-versus-tumor effect
mediated by effector T-cells in this settifidyut no objective responses were elicited in MMguas. Due to
the peculiar mechanism of action, the major ridoamted with checkpoint blockade therapy is taowl
autoimmune-like syndromes, known as immune-relathetrse events (IRAEs). This aspect is very relevan
in the allogeneic setting, with an additional redlgr aft-versus-host disease (GvHD). In this trial,

ipilimumab did not induce grade 3-4 GvHD or graection. IRAEs were registered in 4 patients @dder3
polyarthritis, 1 grade 2 hyperthyroidism, 1 recatrgrade 4 pneumonitis and 1 obstructive defedt wit

infectious cause identified), however none of thed MM.



Trials in MM patients are currently evaluating ipibmab-based combinations (NCT01592370), comparing
ipilimumab with another checkpoint inhibitor acting a different target (nivolumab) in the allogen8CT
setting (NCT01822509) and combining ipilimumab wifkiolumab in the autologous SCT setting
(NCT02681302).

Tremelimumab (IgG2, fully human) is another CTLAadgeting mAb. Although no clinical data are yet
available in MM patients, a trial involving tremmlimab-combination therapy with another checkpoint
inhibitor acting towards a different target (dutwaumab) after autologous SCT is currently planned
(NCT02716805).

PD-1/PD-L1

The immune checkpoint pathway that produced the prasnising preclinical and clinical data in MM is
based on the interaction between two transmemimanteins: PD1 and PD-L{'PD-1, differently from
CTLA-4, is expressed not only by T cells, but didNK cells, B cells and other immune cell subsets
playing a pivotal role in the balance between imensystem activation and self-toleraftt®ifferently
from CTLA-4, PD-1 deficient mice develop lupus-liggstemic inflammatiof® suggesting that CTLA-4
and PD-1/PD-L1 axis may work in slightly differeagpects of immune regulatiofable 2 summarizes the
main similarities and differences in CTLA-4 and BD-

PD-L1 is expressed by antigen-presenting cellsadiner cell subtypes, delivering inhibitory signdisough
the engagement of PD*ANormal plasma cells do not express PD-L1, whilelRDs expressed on the
surface of MM cell lines and neoplastic plasmascisiblated from MM patients:*°

PD-1 may bind another ligand besides PD-L1, knosvRR-L2. PDL2 expression could be detected in the
microenvironment of solid tumors, however it does seem to be a key inhibitor of T-cell functiorttae
tumor site?’

There is evidence that blocking PD-1 and/or PDHrbiigh mAbs in order to prevent their interactian ¢
enhance myeloma-cell killing by T and NK-celtevitro.”® Moreover, in a MM mouse model, Hallett and
colleagues demonstrated that PD-L1 on MM cells gimgaPD-1 expressed by T-cells and NK cells,
decrease their cytotoxic function, proliferationdacytokine production, thus leading to a functigna

exhausted state of these célls.



Based on these biologic data and on the succasf\b$ targeting PD-1 in solid tuméfsand Hodgkin’s
lymphoma’°® several mAbs targeting this pathway are beinguatatl in MM.

Nivolumab is a fully human IgGk mAb targeting PDALphase Ib trial evaluated its safety and efficasy
single agent in hematologic patients affected e malignancies, among which 27 with relapseti@n
refractory MM (RRMM) patients. Unfortunately, inishsubgroup of patients, no objective responses wer
reported®® Building on pharmacokinetic data demonstratingragasting binding of Nivolumab to its
receptor, Funt and colleagues recently reportedkeanline of therapy after nivolumab infusion ifR&MM
patients’? An unusually low rate of progressive disease weasnted in this highly refractory patient
population and interestingly a patient who relapséh an isolated plasmacytoma received only
radiotherapy and then resumed Nivolumab treatméhtavprogression-free period of more than 2 years.
Several ongoing trials are evaluating Nivolumalbombination with Daratumumab + Pomalidomide-
Dexamethasone (NCT01592370), Pomalidomide-Dexarsetigat Elotuzumab (NCT02726581) and with
anti-CTLA4 mAbs after autologous (NCT02681302) atidgeneic (NCT01822509) stem cell
transplantation.

Pembrolizumab is a humanized anti-PD1 IgGk mAls firobably the anti-PD1 mAb evaluated in the
greatest number of malignancy types. Data on menafy in MM field are lacking, however
pembrolizumab has been tested in combination vaiaochethasone and immunomodulatory agents in
RRMM patients. A phase | study in 40 RRMM patiefaiting at least 2 previous therapeutic lines eatdd
safety and efficacy of Pembrolizumab added to lidnalide-Dexamethasone backbone treatméithe
MTD for Pembrolizumab was 200 mg every 21 daystardverall response rate (ORR) was 50%. Of note,
responses were also elicited in lenalidomide-rédrggatients, suggesting that pembrolizumab and
lenalidomide could act synergically also in patsergfractory to immunomodulators alone. Safetyifgof
was acceptable, and hematologic toxicities (thrarytmpenia 41%, neutropenia 37%) were the most
common treatment-related adverse events . Of t#&E s were rare and the most frequent non hemaitolog
toxicity was mild diarrhea (28%, all cases gradd®). A phase Ill randomized trial evaluating filiste
treatment with lenalidomide-dexamethasone * pernaiab in transplant ineligible MM patients

(NCT02579863) is currently ongoing.



A phase Il trial in 48 lenalidomide-refractory RRMpatients evaluated pembrolizumab in combinatiath wi
pomalidomide and dexamethasahBesides lenalidomide, 80% of enrolled patientsanaso refractory to
a proteasome inhibitor. The overall response(@RR) was 56% and responding patients had a median
duration of response of more than 6 months. Intieigy, double-refractory patients had a superinades
ORR (55%). IRAES reported in this trial were intéi@ pneumonitis (13%), hypothyroidism (10%), latip
cytolysis (6%), adrenal insufficiency (4%) and ligid (2%). Additional data will come from a phagdkttial

in RRMM patients evaluating pomalidomide-dexametinast pembrolizumab (NCT02576977) that is
currently enrolling patients.

PD-1 inhibition in MM is in advanced clinical deepiment, with 2 phase Ill studies underway. However,
little is known about targeting its cognate recepRD-L1, and about the clinical differences betwtdeese
approaches’ Durvalumab (MEDI-4736) and Atezolizumab (MPDL32&0% being used in phase | trials in
MM patients in different settings and with diffetaombinationsTable 1), however no data are available
yet.

Killer-cell immunoglobulin-like receptor

Killer-cell immunoglobulin-like receptors (KIRs) @key regulators of NK cell cytotoxic function. IbHory
and activating KIRs regulate NK cells through tBeagnition of major histocompatibility class | molges

on target cell$® NK cells harvested from MM patients express irtoityi KIRs>” moreover malignant
plasma cells express their cognate surface ligdrikg major histocompatibility complex (MHC) clags
and related proteins. Nijhof and colleagues dematest that blocking inhibitory KIRs on NK cells vitro
improves daratumumab-induced anti-myeloma actauitgt this effect was particularly evident when
lenalidomide was added.

Based on this rationale, IPH2101, a human IgG4 taddpeting KIR2D receptors, has been evaluated in MM
patients. In a phase | trial, 32 RRMM patientstedavith IPH2101 monotherapy did not show any
objective responses, however safety was very gotidne dose limiting toxicities! The lack of single-
agent activity was confirmed also in the smoldeflg setting by a phase Il trif.A phase | trial

evaluated the combination of IPH2101 with lenalidtierin RRMM patient§! Safety profile was acceptable
and objective responses were reported in 5 oub @ntolled patients. Nevertheless, the small nuraber

patients and the exclusion of lenalidomide-refracmtients make it difficult to draw conclusions the



efficacy of IPH2101 in the context of immunomoduolgtpre-treated patients.
Another mAb targeting KIRs (Lirilumab) is under édepment. Combinations study with elotuzumab

(NCT02252263) and nivolumab (NCT01592370) are culyeongoing.

CAR-T based ACT

CAR-T cells are autologous or allogeneic T cellsagially engineered to express a chimeric antigen
receptor specific for a tumor-associated antiggmessed on the neoplastic cell surface. CARs are al
"equipped" with co-stimulatory domains, which ent@activation and function of CAR-T cells, and
promote their proliferation and cytokine rele&S€AR-T cells have both advantages and limitatidiey
are not restricted by patient HLA. However, selegtppropriate antigens is crucial to prevent ogetaoff-
tumor toxicity. Many potential targets have a breagression on normal cells and tisstfddajor clinical
trials have so far employed CAR-T cells that grediffered in both targeted-antigens and co-stinauia
domains.

CAR-T cells directed against CD19 initially showeedramatic potential in acute lymphoblastic leukemi
and chronic lymphocytic leukemf&.*® Even though CD19 expression is not usually astatiaith MM
and it is not considered a therapeutic tafgstme studies identified its expression on a pgatiinor MM
stem cell subs&tthat may partly be responsible for disease renuereDespite being hotly debated, the
potential existence of a CD19+ MM stem cell forntieel rational for conducting clinical trials withesgfic
CAR against CD1&’° Garfall et al. initially described one patientaied with anti-CD19 CAR- T cells
(CTL019)% The patient underwent CTLO19 infusion after a gtad autograft. Following cell infusion, no
fever or other signs of cytokine release syndro@iRS) were noted and, importantly, CTL019 cells were
detected in both blood and bone marrow for up e days after the infusion. The patient started
lenalidomide maintenance 3 months later. Compkdpanse (CR) was still observed at one year ajvall
up. It is remarkable that the response was achidegsgite the absence of CD19 expression on 99.95% o
plasma cells. An update of this clinical trial osexies of 12 patients was reported at Americamnegoof
Hematology (ASH) meeting in December 201@verall, 10 out of 12 patients enrolled were ieflisvith
CTLO19 12-14 days after high-dose melphalan areLi#mgraft. Six patients showed very good patrtial
response (VGPR), 2 partial response (PR), 2 preiyesdisease (PD). Of note, only minor adversecedfe

were reported.



More recently, the B cell maturation antigen (BCM#gs drawn increasing attention as a CAR target in
MM. BCMA is a cell surface protein involved in tddferentiation and maturation of B cells into pies
cells. However, BCMA is highly expressed also on M&lls. Ali et al reported on a phase | study vaith
anti-BCMA-CAR with a CD28 co-stimulatory moleculeTwelve patients received escalating doses of
CAR-T cells at 0.3, 1, 3, or 9 x ¥Rg. All patients were immune-suppressed with cghlzsphamide and
fludarabine prior to CAR-T cells infusions. Respagsitncluded stringent CR (n=1), VGPR (n=2), PR {n=1
and SD (n=8). Both best responses and side effectgred in the highest-dose patients. Only onglesin
patient has so far been reported to relapse imtreow with BCMA-negative MM cloneS.Two other
BCMA specific CAR-T cells are currently being intigated in clinical trials. Preliminary findings vwee
presented at the 2016 ASH meeting by the Univedifennsylvania groufs.In a phase | dose-escalation
study, with a second generation 4-1BB-C@8ti- BCMA-CAR-T cells, 6 patients received spldse
infusions, 10% on day 0, 30% on day 1, and 60%ayn2d Overall, 5 patients developed CRS toxicity; 2
patients required anti IL-6 treatment with tocilzab. Interestingly, even though these 2 patierds ha
received only 40% of the planned CAR-T cell dokeytachieved a remarkable anti-tumor responseawith
stringent CR and a VGPR, respectively. Five moafleyr the last infusion, the patient who achiev&aPR
progressed with a concomitant reduction of cirea¢pCAR-T cells. Of note, BCMA expression was lost
MM cells, which is highly suggestive of antigen &gse. Overall, the 4 other patients showed stabkadi,
minimal response, or PD with low expansion of CARE€lls. Bluebird Bio reported on a cohort of 9 pats
with RRMM who were infused with second-generatiati-BCMA-CAR-T cells (bb2121) with 4-1BB co-
stimulation”® Patients received single infusions at differergedo(5, 15, or 45x107) after being conditioned
with cyclophosphamide and fludarabine. Best respomgere achieved after the infusion of 15%CAR T
cells: 2 patients showed stringent CR and 1 VGPR.

CD138 (also known as syndecan 1) is a surfaceiprex@ressed on normal and malignant plasma €ells,
and it binds collagen and fibronectin moleculethimextracellular matrix. Given its high expressiosnMM
cells, it has been considered an attractive tafg€hinese group reported their experience witlaain
CD138 CAR on 5 refractory patierftsMultiple infusions were well tolerated and onlyldriever was

reported, stable disease was achieved in 4 oupafiénts. Nevertheless, these are preliminaryrfgsland



further confirmation is awaited. Importantly, CD1i8&ot specifically expressed by MM cells busitiso
expressed by epithelial cells raising some concegarding on-target off-tumor toxicity. Other ¢tial and
preclinical studies with CAR-T cells directed againther MM specific targets are in progress. Agghla
clinical trial of kappa-CD28-CAR-T cells was alsanducted at Baylor hospitdl Two other studies with

anti CS-1 CAR-T cells (NCT02203825) and anti CDI38R-T cells (NCT01886976) are currently
recruiting patients, and results are eagerly awaite

Overall, CAR-T cells are a promising form of immutherapy in MM. Nonetheless, some relevant concerns
exist. Antigenic escape is a major limitation of A cells targeted against a single antigen on MiNsc

To overcome this phenomenon, targeting two diffeagrtigens may improve specificity and efficacy of
CAR-T cells. Targeted antigens expressed by T-tledisiselves and leading to self-killing of CAR-Tlge
are another important iss(feOther concerns have been raised regarding efficach as depth and duration
of antitumor effects, and toxicity profile, suchthe potential serious systemic toxicities includ®RS’®
Moreover, high tumor burdens may be associated higther risk of CRS. Anecdotal specific toxicitiegve
also been reported. The Pennsylvania group recpabliiished a case report of posterior reversible
encephalopathy syndrome (PRES) after infusion tHBXOMA CAR-T cells with worsening neurological
symptoms despite treatment with tocilizumab andhfuigse steroids. However, cyclophosphamide

administration reversed the syndroffie.

Conclusion

Advances in the understanding of MM biology anctlisical management have recently led to an irszda
survival rate, reaching up to 8-10 years. Several agents, with different mechanism of actions and
different targets, have increased the treatmenaim@ntarium against a complex disease such as Mb&eTh
agents include chemotherapeutic agents, immunoratmyldrugs and proteasome inhibitors, which are
currently considered the backbone treatments for. @kher agents more recently introduced include
histone deacetylase inhibitors, the so called “6malecules”, monoclonal antibodies, checkpoiniliitors
and ACT. Acting on immune system is an appealing tmeatment strategy, where checkpoint inhibitard a
ACT are the main players. Results on checkpointkalde in MM are promising, but not yet as goodhas i

solid tumors. One of the reasons could be the iragaimmune function that characterizes immune syste



of MM patients. The most promising results havenbse far achieved in MM in combination with
immunomodulatory drugs, due to the potential syis&mgeffect on the immune system. Furthermore,
checkpoint molecules that are currently clinicaiiploited are only the tip of the iceberg of thégmbial
checkpoint targets expressed by immune-cells.dmtar future, data on mAbs targeting lymphocyte
activation gene 3 protein (LAG-3), T cell immunadgldin domain and mucin domain 3 (TIM-3), V-domain
Ig suppressor of T cell activation (VISTA), CD47dasther molecules might be available to researchers
The preliminary clinical success of CAR-T celldymphoblastic leukemia has reignited the interetall
immunotherapy against MM and this field is now nmagyvforward very rapidly. However, despite durable
responses in heavily pretreated patients, restdtsexy preliminary and many open questions remain,
including the definition of the best target, a eetinderstanding of toxicities (e.g. CRS) and affic(depth
of response and its duration). Multiple therapiesaurrently available for MM and many, new appiose
will probably be available in the next future.

Future and ongoing trials are still necessary &aldight on the role of checkpoint inhibitors andRGT

cells in a treatment scenario in continuous evoluti
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Table 1. Clinical data from key studies exploring mAb-basedtment in RRMM patients

CLINICAL
STUDY | PATIENT POPULATION RESULTS . Reference or
eI lRce GOSN, PHASE | (number of MM patients) | AVAILABLE OIRR () NCT
Y/N
Relapsed hematologic
- 1 malignancies after Y o Bashey et &7
allogeneic SCT (6)
. Ipilimumab monotherapy vs Relapsed he_zmatologic
Ipilimumab Nivolumab monothera 1 malignancies after N - NCT01822509
CTLA4 Py allogeneic SCT (na)
Lymphoma and MM
Ipilimumab-+nivolumab 1b/2a patients at high risk of N - NCT02681302
relapse after ASCT (na)
. TE MM patients before and
Tremelimumab Durvalumab 1 after ASCT (24) N - NCT02716805
- 1b RR hematologic Y 0! Lesokhin et af
malignancies (27)
Arm 1: nivolumab monotherapy
Arm 2: Nivolumab + Ipilimumab / : :
Lirilumab 1 RRMM = é%'f)r therapies N - NCT01592370
Arm 3: Daratumumab + Nivolumab -
Nivolumab Pomalidomide- Dexamethasone
Arm 1: nivolumab + Pomalidomide-
Dexamethasone
PD-1 Arm 2: Pomalidomide- RRMM > 2 prior therapies i
Dexamethasone 3 (406%) N NCT02726581
Arm 3: nivolumab + Elotuzumab +
Pomalidomide- Dexamethasone
- 1 Smoldering MM (16) N - NCT0260388J
Pembrolizumab Lenalidomide-dexamethasone 1 RRMM = Z(L%')m therapies Y 50% Mateos et al
Lenalidomide-dexamethasone * 3 NTE NDMM (640%) N i NCT02579863

Pembrolizumab




Lenalidomide-refractory

Pomalidomide-dexamethasone 1/20 RRMM > 2 prior therapies 65% Badros et af
(48)
Pomalidomide-dexamethasone + RRMM > 2 prior therapies
Pembrolizumab 3 (300%) i NCT02576977
Arm A: durvalumab + lenalidomide-
dexamethasone in high risk NTE
NDMM
Arm B: durvalumab + lenalidomide-
dexamethasone in standard risk NTE 1b NDMM (138*) - NCT02685826
NDMM
Durvalumab Arm C: durvalumab +lenalidomide
maintentance for high risk post-ASC[T
NDMM
Arm A: durvalumab monotherapy
Arm B: durvalumab + pomalidomide RRMM > 2 prior therapies )
PD-L1 Arm C: durvalumab + pomalidomider- 1b (138%) NCT02616640
dexamethasone
) 1 Solid and hematologic ) NCT01375842
tumors (na)
Arm A: monotherapy Arm A-E: RRMM > 1 but
Arm B: atezolizumab-lenalidomide < 3 prior therapies
Atezolizumab Arm C: atezolizumab post-ASCT =°P P
Arm D: atezolizumab + daratumumab ;- | 5 £ RRMM> 3 prior - | NCT02431208
Arm E: atezolizumab + daratumumab :
. : therapies
+ lenalidomide
Arm F: atezolizumab + daratumumab
o (214%)
+ pomalidomide
) 1 RRMM > 1 prior therapies 0 Benson et &
(32)
IPH2101 - 2 Smoldering MM (9) 0 Korde et
KIRs ,
Lenalidomide 1 RRMM 1 or 2 prior 33% Benson et 3
therapies (15)
Lirilumab Arm A: Lirilumab + Elotuzumab 1 Post-ASCT RRMM ) NCT02252263

Arm B: Urelumab + Lirilumab

achieving at least a very




good partial response

Legend. ORR: Overall Response Rat@dértial response); NCT: clinicaltrials.gov ideimidftion number; Y: Yes; N: No; *:expected numbeMi¥ patients
enrolled; 1: data regarding MM patients; SCT: stathtransplantation; ASCT: autologous SCT; na:aw@ilable; TE: transplant eligible; NTE: transplan
ineligible; RRMM: relapsed and/or refractory MM; NWM: newly diagnosed MM.




Table 2. Similarities and differences between CTLA-4 andLRBblecules’ #8283

CTLA4 PD1
Knock-out mouse: lymphoproliferative phenotype jmmathant Knock-out mouse: autoimmune phenotype pngakmnt
Expressed by T-Cells Expressed by many immune cell subsets
Reduce T-cell proliferation, cytokine productiordaeffector function. Reduce T-cell proliferatioytakine production and effector function.

Expression level on T cells affected by intensitg duration of TCR signaling Expression level on T cells affected by intensitg duration of TCR signalin

Ligand PD-L1 expressed by immune and nonimmuns ¢elfy. endothelium

Ligand CD28 expressed by professional immune cells tumor cells)

No data on CD28 expression and response correlation PD-L1 expression on tumor cells may predict chhiesponses




Figure 1. Potential immune-oncologic approaches in MM widly kargets and effectors.

Nivolumab
Pembrolizumab

cytotoxic

Ipilimumab
Tremelimumab

IPH2101
Lirilumab

Legend. TCR: t-cell receptor; CAR: chimeric antigen reae@pPD1: programmed cell death proteinl; PDL1: paogmed cell death ligand 1; CTLA4: cytotoxic
T-lymphocyte-associated antigen 4; KIRs: Killertagimunoglobulin-like receptors; MHC I: histocomality class | molecules; CS1: Signaling lymphacyt
activation molecule F7 or SLAMF7; BCMA: B-cell maation antigen; B7.1: Activation B7-1 Antigen or 8D



