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ABSTRACT

Despite recent treatment improvements, multiple myeloma remains an incurable disease. Since antibody-depen-
dent cell-mediated cytotoxicity is an important effector mechanism of daratumumab, we explored the possibility
of improving daratumumab-mediated cell-mediated cytotoxicity by blocking natural killer cell inhibitory receptors
with the human monoclonal anti-KIR antibody IPH2102, next to activation of natural killer cells with the immune
modulatory drug lenalidomide. In 4-hour antibody-dependent cell-mediated cytotoxicity assays, IPH2102 did not
induce lysis of multiple myeloma cell lines, but it did significantly augment daratumumab-induced myeloma cell
lysis. Also in an ex vivo setting, IPH2102 synergistically improved daratumumab-dependent lysis of prima

myeloma cells in bone marrow mononuclear cells (n=21), especially in patients carrying the FcyRIIla-158F allele or
the FcyRIla-131R allele, who bind IgG1 with lower affinity than patients carrying the FcyRIIla-158V allele or the
FcyRIla-131H allele. Finally, a further synergistically improved myeloma cell lysis with the daratumumab-IPH2102

combination was observed by adding lenalidomide, which su%gests that more effective treatment strategies can

be designed for multiple myeloma by combining daratumuma

killer cell function.

with agents that independently modulate natural

Introduction

Multiple myeloma (MM), the progressive malignancy of
clonal plasma cells is the second most common hematologic
neoplasia' and accounts for 1.4% of all cancers and for 1.8%
of all cancer mortality worldwide.” Despite encouraging
improvements in the survival of MM patients over the last
decade, the disease remains incurable, even with combina-
tion therapies with effective novel pharmacological agents.*®
An attractive novel alternative to these treatments is the tar-
geting of MM with therapeutic antibodies, as already stan-
dard-of-care in several other hematologic malignancies.
Therefore, we generated the CD38-specific human mono-
clonal antibody, daratumumab (DARA), which induces MM
cell death via various mechanisms, including antibody-depen-
dent cell-mediated cytotoxicity (ADCC) and complement-
dependent cytotoxicity (CDC).® Based on these pre-clinical
data, DARA is currently being evaluated in patients with
relapsed/refractory MM, with encouraging results.”

In previous studies, we demonstrated that DARA-mediated
ADCC can be significantly improved by lenalidomide (LEN),
mainly due to the potent capacity of LEN to activate NK
cells.”” Based on these observations, we hypothesized that
the efficacy of DARA-induced, NK cell-mediated ADCC may
be further enhanced via modulation of NK-cell regulatory sig-
nals transmitted via the inhibitory and activating NK recep-

tors [killer-cell immunoglobulin-like receptors (KIRs)].'*"
Since the signals transmitted by inhibitory KIRs may prevent
NK cell-mediated ADCC, even in the presence of an activat-
ing receptor-ligand interaction,” we set out to test the possi-
bility of improving DARA efficacy by blocking inhibitory
KIRs.

[PH2102 (formerly 1-7F9 and IPH2101) is a hinge-stabi-
lized, human IgG4 monoclonal antibody that blocks the inter-
action of the three main inhibitory KIR receptors (KIR2DL-1,
-2, -8) with their ligands, the human leukocyte antigen-C
(HLA-C) molecules. The predecessor of IPH2102, IPH2101 (a
wild-type IgG4 version of the antibody), was shown to
increase in vitro NK-cell cytotoxicity against MM cells, but not
against normal healthy cells.”*" Clinical trials conducted with
IPH2101 in patients with relapsed/refractory MM and smol-
dering myeloma revealed that the clinical use of IPH2101 is
safe and tolerable at doses that achieve full inhibitory KIR sat-
uration, with disease stabilization as the best observed
response to IPH2101."' This suggested that this antibody
likely requires inclusion in a combination regimen such as
with a potent ADCC-inducing antibody and/or with NK-cell
activating agents like LEN. Hence, we explored in a series of
ex vivo assays the potential benefits of combining DARA with
[PH2102 and LEN. We demonstrate that DARA-induced
killing of primary MM cells increases synergistically when
combined with these NK-enhancing agents.
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4 Methods Peripheral blood mononuclear cells from healthy
donors
Bone marrow mononuclear cells from MM patients All procedures involving material from healthy donors were

All patients’ samples were collected and stored under protocols  approved by the local institutional medical ethical committee.
approved by the Institutional Review Board. All procedures Peripheral blood from healthy volunteers was obtained after writ-
involving bone marrow material were in accordance with the  ten informed consent. Peripheral blood mononuclear cells (PBMC)
Declaration of Helsinki and approved by the local medical ethical ~ were isolated by Ficoll-Hypaque density-gradient centrifugation to
committee. Mononuclear cells (MNC) from the bone marrow  use as effector cells in ADCC assays.

(BM) were isolated by Ficoll-Hypaque density-gradient centrifuga-
tion and contained 2%-35% MM cells as detected by flow cytom-  Immunophenotyping by flow cytometry

etry. Freshly isolated BM-MNC from patients were immediately Cell surface expression of various receptors was determined by
used in experiments (see below). Characteristics of the patients’ FACS analysis using fluorochrome-conjugated monoclonal anti-
providing the tested BM-MNC are summarized in Table 1. bodies (mAb). PE-conjugated IPH2102 was produced by Innate

Pharma. All other mAbs used for phenotyping were purchased
MM cell lines from BD Biosciences (Franklin Lakes, New Jersey, USA). Flow

The CD38 positive, luciferase (LUC)-transduced MM cell lines  cytometry was performed using a FACS-Calibur device (BD
UMY and RPMI8226 were cultured in RPMI 1640 (Invitrogen Life  Biosciences, Franklin Lakes, New Jersey, USA); data were ana-
Technologies, Carlsbad, California, USA), supplemented with lyzed using CellQuest software.

10% fetal bovine serum (FBS; Integro BV, Salisbury, NC, USA) and
antibiotics (100 units/mL penicillin, 100 ug/mL streptomycin; both ~ Test antibodies

o

Invitrogen Life Technologies) as previously described.” The anti-KIR mAb [PH2102 (formerly 1-7F9/IPH2101) is a
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Figure 1. Dose-dependent enhancement of DARA-mediated ADCC by IPH2102. (A and B) 4-hour ADCC assays were performed using PBMC from 4
healthy donors as effector cells. The MM cell lines UM9 (A) and RPMI8226 (B) were used as target cells at an effector to target ratio of 25:1. Data
show mean lysis and SEM of 4 experiments. DARA was used at indicated concentrations; IPH2102 was used at 10 ug/mL. IgG4 (10 ug/mL) was
used as isotype control for IPH2102. IgG1-b12 was used at 1 ug/mL as isotype control for DARA. P values were calculated by a paired t-test com-
paring DARA + IPH2102 versus DARA + IgG4. ns: non-significant; *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. Negative lysis levels indicate
MM cell growth. (C) BM-MNC of 10 MM patients were incubated with DARA and/or IPH2102 and/or controls at serial concentrations (0-10 ug/mL)
for 48 h. IgG4 was used as isotype control for IPH2102, IgG1-b12 was used as isotype control for DARA. Surviving CD138* MM cells were enumer-
ated by flow cytometry. Percentage lysis of MM cells was calculated as indicated in the Methods section. The mean lysis values are calculated and
depicted. P values were calculated by a paired t-test comparing DARA + IPH2102 versus DARA + IgG4. ns: non-significant; *P<0.05. (D) BM-MNC
of 21 MM patients were incubated with DARA and/or IPH2102 and/or control antibodies at 10 ug/mL for 48 h. Data show mean lysis and SEM.
The observed (obs) lysis levels of MM cells with DARA-IPH2102 were compared to the expected lysis levels (exp), which were calculated with the
assumption that the combinatorial effect is achieved by additive effects as indicated in the Methods section. The statistical differences between
the observed and expected levels were tested by a paired t-test. Ns: non-significant; *P<0.05, **P<0.01, ***P<0.001. Every circle represents an
individual BM-MNC patient sample. The black bar indicates the group mean+SEM.
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hinge-stabilized human IgG4 antibody, anti-
KIR2DL1/L2/L3/S1/S2, produced in a CHO cell line and was gen-
erated by Innate Pharma (Marseille, France). Polyclonal human
IgG4 (Sigma-Aldrich, St. Louis, Missouri, USA) was used as an iso-
type control for IPH2102. DARA was provided by Genmab
(Utrecht, The Netherlands). Human IgG1-b12 against an innocu-
ous antigen (HIV-1 gp120), donated by Genmab, was used as an
isotype control for DARA.

Bioluminescence imaging-based ADCC assay using LUC-
transduced MM cell lines

LUC-transduced MM cell lines UM9 and RPMIB226 were co-
cultured with effector cells (freshly isolated PBMCs from healthy
donors) at an effector to target ratio of 25:1 in white opaque 96-
well flat bottom plates (Costar) in the presence of solvent control,
or IgG1-b12 control antibody (1.0 ug/mL), or DARA (0.0001,
0.001,0.01, 0.1 and 1.0 ug/mL), and/or IgG4 control antibody (10.0
ug/mL), or IPH2102 (10.0 ug/mL) for 4 h. The survival of LUC+-
MM cells was then determined by bioluminescence imaging (BLI),
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Figure 2. Impact of FcyR polymorphisms on the DARA-IPH2102 com-
bination effect. Genomic DNA available from PBMC from 16 patients
tested in Figure 1D were typed for (A) FcyRlla 131 H/R and (B)
FcyRllla 158 V/F polymorphisms on effector cells. The data obtained
in Figure 1D were then grouped according to the respective polymor-
phisms. Every circle represents an individual patient sample. The
black bars indicate the group median value. The observed (obs) lysis
levels of MM cells with DARA-IPH2102 were compared to the expect-
ed lysis levels (exp), which were calculated with the assumption that
the combinatorial effect is achieved by additive effects as indicated
in methods. P values were calculated by a paired t-test. ns: non-sig-
nificant; *P<0.05, **P<0.01.

10 min after addition of the substrate luciferin (125 ug/mlL;
Promega, Leiden, The Netherlands). Lysis of MM cells was deter-
mined using the following formula: % lysis = 1 - (mean BLI counts
in treated wells / mean BLI counts in control wells) x 100%.

Flow cytometry-based ADCC assays using BM-MNC
aspirates from MM patients

Bone marrow mononuclear cells derived from 21 MM patients,
containing 2%-57% CD138" tumor cells, but also autologous
effector cells, were used in flow cytometry-based ADCC assays,
as previously described.*” BM-MNC were suspended in
RPMI+10% FBS and incubated with serial concentrations of
DARA, IPH2102, control antibodies and LEN (Celgene, Utrecht,
The Netherlands) alone or in combination in 96-well U bottom
plates. BM-MNC were incubated in fully humidified 5% CO,-air
mixture at 37°C for 48 h. Sample viability at incubation was more
than 98%, as assessed by using ToPro-3 (Invitrogen Life
Technologies). Surviving MM cells after 48 h were enumerated by
single platform flow cytometric analysis of CD138" cells in the
presence of Flow-Count Fluorospheres (Beckman Coulter) and
ToPro-3 to determine absolute numbers of viable MM cells. The
percentage of daratumumab-mediated ADCC was then calculated
using the following formula: % lysis cells = 1 - (absolute number
of surviving CD138" cells in treated wells / absolute number of sur-
viving CD138" cells in control wells) x 100%. Where indicated, the
DARA and IPH2102-specific lysis values were calculated by using
the counts of surviving MM cells in IgG1-b12 and IgG4 treated
wells, respectively.

Fc gamma receptor polymorphism genotyping

After isolating the patients’ genomic DNA from PBMC, the typ-
ing for FeyRIlla (CD16) polymorphisms (158V/F) on immune
effector cells, including NK cells and macrophages, and FcyRIla
(CD32) polymorphisms (131H/R) on immune effector cells,
including monocytes, was performed as described by Koene et al."®
and Jiang et al.,"” respectively.

Table 1. Base-line characteristics of the tested MM patients’ BM-MNC
aspirates.

Parameter MM patients (n=21)
Median age, years (range) 64 (37-78)
Sex, male, n (%) 9 (43%)
Type of monoclonal heavy chain
15G,n (%) 12 (57%)
IgA, n (%) 4 (19%)
Light chain only, n (%) 5 (24%)
Type of light chain
Kappa, n (%) 9 (43%)
Lambda, n (%) 12 (57%)
Prior lines of therapy, median (range) 2 (0-10)
No prior treatment, n, (%) 9 (43%)
Prior LEN treatment, n (%) 8 (38%)
LEN refractory status*, n (%) 6 (29%)
Prior bortezomib treatment, n (%) 6 (29%)
Bortezomib refractory status*, n (%) 4 (19%)

*LEN- and/or bortezomib-refractory disease is defined as progressive disease on thera-
py, no response (less than partial response) to therapy, or progressive disease within 60
days of stopping a LEN- and/or bortezomib-containing regimen, according to the
International Uniform Response Criteria for Multiple Myeloma.’
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Statistical analysis

Differences between indicated groups were analyzed for signif-
icance in two-tailed paired Student t-tests analyses using Prism
software (Graphpad Software Inc., v.5). P<0.05 was considered
significant. Where indicated, expected lysis values from combina-
torial treatments were calculated using the formula: % expected
lysis = (% lysis by Agent 1 + % lysis by Agent 2) — % lysis by
Agent 1 x % lysis by Agent 2. This formula assumes that there is
only an additive effect between the combined agents. Paired
i-tests were then used to test the statistical difference between the
observed and expected values. The additive interaction was reject-
ed, and synergy was concluded if the observed values were signif-
icantly higher than the expected values. In triple combinations, the
combination of the first two agents was considered as Agent 1.

Results

IPH2102 increases DARA-mediated ADCC of MM cells

We first investigated the potential of combining DARA
with IPH2102 in standard 4-h ADCC assays using MM
cell lines UM9 and RPMI8226 as target cells and PBMC
from different healthy donors (n=4) as effector cells. An
irrelevant polyclonal IgG4 antibody and an irrelevant IgG1
antibody (IgG1-b12) were used as isotype controls.
DARA, but not [IPH2102, induced ADCC of MM cells in a
dose-dependent manner (Figure 1A and B). Interestingly,
however, DARA-dependent ADCC was significantly aug-
mented in the presence of IPH2102 (P<0.05), with a some-
what larger effect in the cell line RPMI8226, which is rela-
tively resistant to DARA. These results suggested that
blockade of KIR receptors can improve NK cell-mediated
lysis by DARA.
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To confirm these results in a more physiological setting,
we employed our previously described ex vivo flow
cytometry-based cytotoxicity assays, in which we meas-
ure the survival of primary CD138" MM cells in patients’
BM-MNC, without separating malignant cells from their
microenvironment and autologous effector cells.® In this
setting, incubation of 10 BM-MNC in serial dilution (0-10
pg/mL) of DARA and IPH2102 in a checkerboard fashion,
confirmed the dose-dependent induction of MM cell lysis
by DARA. Again, IPH2102 induced little or no lysis alone,
even at a concentration of 10 ug/mL, which has been
shown to saturate all KIR receptors."*® However, 10
ug/mL of IPH2102 combined with DARA (>3 ug/mL), sig-
nificantly enhanced DARA-mediated killing (P<0.05)
(Figure 1C). Hence, in an extended analysis, in which we
assessed BM-MNC from 21 patients, we tested both anti-
bodies only at a saturating concentration of 10 pg/mL
(Figure 1D). Again, IPH2102 alone was not able to induce
MM cell lysis, but it significantly improved the DARA-
dependent ADCC in these primary patient samples. A
mixed model analysis indicated the synergistic action of
DARA and IPH2102 to generate an average of 10% extra
tumor cell lysis as the observed amount of tumor cell lysis
significantly exceeded the expected levels, which were
calculated with the assumption that the combinatorial
effect was achieved only by additive effects (Figure 1D).

Impact of FcyR polymorphisms on the DARA-IPH2102
combination effect

Although the MM cell lysis was significantly increased
by DARA-IPH2102 combination, the observed hetero-

geneity in the results prompted us to analyze the impact
of the FeyRIlla 158 V-F and FcyRIla 131 H-R polymor-
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Figure 3. Improvement of DARA-IPH2102 combinatorial effects by
LEN. Four-hour ADCC assays were performed using PBMC from
healthy donors as effector cells and the MM cell lines UM9 (A) and
RPMI8226 (B) as target cells. DARA, IPH2102 and LEN were used at
0.01 ug/mL, 10 ug/mL and 3 uM, respectively. P values are calculat-
ed using a paired student t-test. Ns: non-significant; *P<0.05. Data
shown represent meanzSEM of 4 experiments (C) BM-MNC of 10 MM
patients were incubated with DARA (10 ug/mL), LEN (3 uM),
IPH2102 (10 ug/mL), combination treatments or control antibodies
for 48 h. The observed (obs) lysis levels of MM cells with DARA-
IPH2102-LEN were compared to the expected lysis levels (exp),
which were calculated with the assumption that the combinatorial
effect is achieved by additive effects as indicated in methods. Black
bars indicate the group mean valuetSEM. P values are calculated
using a paired student t-test. ns: non-significant; *P<0.05,
**P<0.01, ***P<0.001, ****P<0.0001.




phisms on the outcome. FcyRIIla (CD16) is expressed on
immune effector cells, including NK cells. FeyRIla (CD32)
is expressed on immune effector cells, including mono-
cytes. The homozygous FeyRIla His 131 and FeyRIlla Val
158 have a higher affinity for IgG1.* FcyR polymorphisms
influence the efficacy of ADCC21 and might also influ-
ence effectiveness of monoclonal antibody-based
immunotherapy.” Genomic DNA material was available
from 16 of the tested MM patients and used for typing the
FeyRlla and FeyRIlla polymorphism. We did not observe a
significant association between Fc-receptor polymor-
phisms and DARA-mediated MM cell lysis in our cohort.
However, the synergism between DARA and IPH2102
appeared to occur only in patients carrying an FcyRIlla-
158F allele (V/F and FF) and in patients carrying an FcyRIla-
131R allele (H/R and R/R) (Figure 2A and B). This suggests
that the synergistic effects between IPH2102 and DARA
are most pronounced in patients carrying an FcyRllla or
FeyRlla polymorphism with lower affinity to DARA.

IPH2102 further augments DARA-mediated killing
of MM in the presence of LEN

After demonstrating the improvement of DARA-medi-
ated MM cell lysis by IPH2102, we questioned whether
adding LEN to this combination could further improve
MM cell lysis. In our previous studies, LEN improved
DARA-dependent MM cell lysis mainly via the activation
of NK cells*”* and this effect was best visible after 48 h
incubation of effector cells with LEN. Hence in 4-h ADCC
assays, using MM cell lines UM9 and RPMIB226 as target
cells and PBMC from different healthy donors (n=4) as
effector cells, we not only added LEN in the assay, but also
pre-treated the effector PBMC for 48 h with LEN to deter-
mine the effect of LEN. As expected, LEN increased the
DARA-dependent MM cell lysis in UM9 and RPMIB8226
cells, but also significantly up-regulated MM cell lysis in
combination with DARA-IPH2102 treatment (Figure 3A
and B). To confirm this effect on primary MM cells, we
used our 48-h flow cytometry-based MM cell lysis assays
and incubated the BM-MNC of 10 MM patients with
DARA, IPH2102, control antibodies or LEN, alone or in
combinations (Figure 3C). In these assays, DARA, LEN
and IPH2102 induced a median MM cell lysis of 54%,
22% and 3%, respectively. Combining DARA with
IPH2102 and LEN further increased tumor cell lysis com-
pared to DARA plus IPH2012 alone (P<0.05). With a medi-
an lysis level of 81%, the triple combination significantly
exceeded the levels observed for DARA+LEN (75%) or
DARA+IPH2102 (61%). The MM cell lysis observed for
the triple combination were found to be synergistic, since
the observed values significantly exceeded the calculated
expected values presuming additive effects. Taken togeth-
er, these data suggest superiority of the DARA, IPH2102
and LEN triple combination compared to respective dou-
ble combinations of these agents.

Discussion

In this study, we explored the possibility to further
improve DARA-mediated killing of MM cells by combin-
ing it with the anti-KIR antibody IPH2102 and the
immunomodulatory drug LEN. The rationale behind this
exploration is that a further augmentation of the activity
of DARA might lead to stronger in vivo responses in order

to increase the chances for long-term sustained remis-
sions.

To develop this concept, we previously tested the com-
bination of DARA with LEN and demonstrated that its
potent activating effects on NK cells can significantly
improve DARA-dependent ADCC of MM cells.® In this
regard, adding IPH2102 to this combination was a logical
next step because this novel monoclonal antibody, was
shown to increase NK cell lysis of malignant cells by
blocking the three main inhibitory KIR receptors
(KIR2DL1/2/3) on NK cells." It, therefore, could conceiv-
ably further potentiate DARA-dependent ADCC of MM
cells independent of LEN. In a series of experiments, we
discovered that IPH2102 alone, in contrast to earlier stud-
ies (see below), did not induce significant lysis of MM cells.
However, it did augment DARA-dependent ADCC, and
this combinatorial anti-MM effect was further improved
by LEN. Our analyses strongly suggest that the enhance-
ment of DARA-dependent ADCC by IPH2012, in the
absence or presence of LEN; is established through syner-
gistic action of the agents since the observed levels of
combinatorial tumor cell lysis significantly exceeded
expected levels, which were calculated with the assump-
tion that the effects were merely additive. A synergistic
effect is consistent with the assumed mechanisms of
action, because IPH2102 and LEN most probably increase
NK cell cytotoxicity via non-overlapping, independent
mechanisms. While IPH2102 blocks KIR-inhibitory signal-
ing of NK cells," LEN stimulates the proliferation of NK
cells and activates them to increase the production of
[FN-y, TNFa and granzyme B.**%

As mentioned, in our experiments, [PH2102 alone
induced little or no MM cell lysis (Figures 1-3). This is
apparently inconsistent with previous reports, in which
IPH2101 was found to induce NK-cell cytotoxicity against
lymphoma, acute myeloid leukemia (AML) cells and MM
cells."*” While this latter study used IPH2101 at a higher
(30 ug/mlL) concentration than we did (10 ug/mL), this is
probably not the reason for the observed apparent discrep-
ancy, since earlier tests have demonstrated that KIRs are
fully saturated above 10 ug/mL IPH2102." On the other
hand, it needs to be noted that the study in the AML set-
ting was performed using purified and IL-2 activated NK
cells from HLA-C-matched healthy donors, which were
furthermore used at higher NK:tumor ratios (10:1) to
induce visible and significant tumor cell lysis above back-
ground levels. By contrast, we carried out our experiments
mainly in patient-derived BM-MNC, thus without isolat-
ing the patient’s own MM cells or NK cells from their nat-
ural environment. Consequently, in these experiments we
readily achieve a median NK cell: MM cell ratio of 1:1
(data not shown), which generally does not induce signifi-
cant MM cell lysis without addition of ADCC-inducing
antibodies like DARA. Another apparent discrepancy,
which might be related to the differences in the experi-
mental approach, is the absence of IPH2102-mediated
MM cell lysis when combined with LEN in our setting,
while previously IPH-LEN combinations were shown to
improve MM cell lysis in both AML and MM settings.” In
addition to the aforementioned experimental differences,
our approach applied a lower dose of LEN (3 uM vs. 10 uM
in other studies) since in a clinical setting it may be diffi-
cult to obtain LEN plasma levels above 3 uM without
inducing adverse toxicities.”® Our results, combining
DARA with IPH2102, are fully compatible with the recent
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findings that anti-KIR antibodies augment the efficacy of
ADCC-inducing antibodies like rituximab.” Accordingly,
our results advocate that the best strategy to exploit the
beneficial effects of IPH2102 may be in combination with
ADCC-inducing antibodies. Furthermore, as we also
show here, the ADCC-enhancing effects of IPH2102 with
DARA can be further potentiated by addition of LEN. In
this light, it is interesting that significant synergistic effects
between DARA and IPH2102 were especially observed in
bone marrow samples from MM patients carrying alleles
for the low affinity variants for the activating receptors for
ADCC, FcyRlIla or FeyRllla (Figure 2).

In summary, this pre-clinical evaluation suggests that a
further increase in the potency of MM treatment strategies
can be designed by combining DARA with the immune
modulatory agent LEN as well as with the KIR-blocking

antibody IPH2102, whereby synergistic elimination of
MM tumors by NK cells may be achieved. These pre-clin-
ical data, together with the preliminary results of the first
clinical studies with DARA monotherapy and IPH2101
monotherapy, support the use of a combination of DARA
with LEN and IPH2102 in a clinical trial.
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