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ABSTRACT
Background Phase IIb clinical trial with isatuximab
(Isa)-lenalidomide (Len)-dexamethasone (Dex) showed
an improved progression-free survival (PFS) in patients
with relapsed or refractory multiple myeloma (RRMM),
but the efficacy varied by patient. Antibody-dependent
cell-mediated cytotoxicity (ADCC) by natural killer (NK)
cells plays a crucial role in arbitrating antitumor activities
of therapeutic-antibodies. We tested if patient-specific
genetic makeup known to set NK cell functional threshold
influence response to Isa-Len-Dex therapy.
Methods We characterized 57 patients with RRMM
receiving Isa-Len-Dex for polymorphisms of killer-cell
immunoglobulin-like receptors (KIR), human leukocyte
antigen (HLA) class I, and FCGR3A loci. In vitro ADCC
assay, coincubating primary NK cells expressing specific
KIR repertoire with multiple myeloma cell lines (MM
cells) expressing selected HLA class I ligands, was used
to confirm the identified genetic correlatives of clinical
response.
Results Patients with KIR3DL2+ and its cognate-ligand
HLA-A3/11+ had superior PFS than patients missing this
combination (HR=0.43; p=0.02), while patients carrying
KIR2DL1+ and HLA-C2C2+ compared with to patients
missing this pair showed short PFS (HR=3.54; p=0.05).
Patients with KIR3DL2+ and HLA-A3/11+ plus high-
affinity FCGR3A-158V allele showed the most prolonged
PFS (HR=0.35; p=0.007). Consistent with these clinical
data, mechanistic experiments demonstrated that NK
cells expressing KIR3DL2 trigger greater ADCC when MM
cells express HLA-A3/11. Inversely, NK cells expressing
KIR2DL1 do not kill if MM cells express the HLA-C2C2
ligand. NK cells expressing high-affinity FCGR3A-158VV-
induced greater ADCC compared with those with low-
affinity FCGR3A-158FF.
Conclusions Our results suggest that KIR3DL2+ and
HLA-A3/11+ with FCGR3A-158V markers lead to enhanced
Isa-dependent NK-mediated cytolysis against MM cells
and results in improved PFS in patients with RRMM treated
by Isa-Len-Dex. Moreover, the presence of KIR2DL1+ and
HLA-C2C2+ identifies patients who may have a lower
response to Isa-Len-Dex therapy linked to a reduced

NK-mediated ADCC. These biomarkers could potentially
identify, via precision medicine, patients more likely to
respond to Isa-Len-Dex immunotherapy.
Trial registration number NCT01749969.

BACKGROUND
Multiple myeloma (MM) is a malignant
plasma cell disorder characterized by the
overproduction of immunoglobulin and/
or light chain and can cause significant clinical symptoms, including hypercalcemia,
renal insufficiency, anemia, and lytic bone
disease.1 In the last 10 years, overall survival
has improved due to the use of autologous
stem cell transplantation and the development of novel therapeutics, including proteasome inhibitors (bortezomib, carfilzomib,
and ixazomib), immunomodulatory drugs
(thalidomide, lenalidomide (Len), and pomalidomide), and histone deacetylase inhibitors
(panobinostat and vorinostat).2 Despite these
therapeutic advancements, patients ultimately relapse or become refractory, and thus
additional novel therapeutics are needed.3
Patients with relapsed or refractory multiple
myeloma (RRMM) have a median event-free
survival and overall survival of only 5 and 9
months, respectively, further supporting the
need for new treatments.4
More recent immunotherapies targeting
cell surface molecules with a monoclonal
antibody (mAb) have shown significant clinical activity.5 Notably, the Food and Drug
Administration approved three therapeutic
mAbs, anti-
SLAMF7 mAb elotuzumab, and
anti-
CD38 mAbs daratumumab and isatuximab (Isa) for MM. Several mechanisms have
been postulated to account for the antitumor
activities of these therapeutic antibodies,6
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the KIR haplotype into centromeric and telomeric halves
(figure 1), and reciprocal recombination events between
these two halves presumably diversify KIR gene content
for haplotypes. The inheritance of paternal and maternal
haplotypes comprising different KIR gene content generates extraordinary diversity between humans in KIR genotypes (such as AA, AB, and BB carriers).
During NK cell development, the interaction of inhibitory KIR with cognate HLA class I ligand sets the functional threshold for NK cells, a process called “licensing”
that allows the subsequent recognition and elimination of
target cells with decreased expression of self HLA class I
due to viral-infection or tumor-transformation.16–20 Given
that KIRs on chromosome 19 and HLA loci on chromosome 6 are polymorphic and display substantial variations, the independent segregation of these unlinked
gene families generates extraordinary diversity in the
number and type of KIR+HLA combinations inherited
in humans.21 These inter-
individual differences in the
KIR+HLA constellation constitute a significant source of
variability in NK cell activity influencing clinical outcomes
in diverse settings, including susceptibility to infections,
tumor transformation, autoimmune diseases, pregnancy
success, and success of allogeneic transplantation.22
The CD16 (FcRIIIa), a low-affinity activating NK cell-
surface receptor for the Fc portion of IgG antibodies,
regulates NK cell ADCC.23 The CD16 receptor is encoded
by the FCGR3A gene, which carries a functional single
nucleotide dimorphism that substitutes phenylalanine
(F) for valine (V) at residue 158 and influences binding
affinity to IgG. Despite equivalent levels of CD16 expression, 158V homozygotes have a high affinity for IgG
compared with 158F homozygotes.23 Cancer immunotherapy studies have reported that the high-
affinity
genotype of FCGR3A is beneficial for the improved
clinical response rate to rituximab, trastuzumab, and
cetuximab.24–26 Preliminary studies revealed no significant associations between tumor response and FCGR3A
dimorphism in patients with RRMM treated with Isa-Pd.27
In preclinical studies, the ADCC was recognized as the
dominant effector mechanism in the therapeutic effects of
the Isa in patients with MM.12 However, studies supporting
a role for low and high-affinity FCGR3A genotypes in the
clinical response to Isa in patients with MM are limited.28

Figure 1 Killer-cell immunoglobulin-like receptors (KIR) haplotypes vary in gene content. Map of group A and B KIR
haplotypes. Inhibitory KIR genes are depicted in white boxes with their specific human leukocyte antigen (HLA) class I ligands.
Activating KIRs are shown in dark boxes. Hatched boxes represent pseudogenes or KIR genes with no apparent function. The
centromeric and telomeric half are marked.
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including complement-dependent cytotoxicity, antibody-
dependent cellular cytotoxicity (ADCC), antibody-
dependent cellular phagocytosis, and activation of
apoptosis. Isa was recently approved for use in combination with pomalidomide and dexamethasone (Dex) (Pd)
in RRMM based on improved PFS in a phase III trial (PFS:
Isa-Pd 11.3 m vs Pd 6.5 m).7 Isa combines well with immunomodulatory drugs, and this was also noted in a phase I
study of Isa combined with Len and Dex (Rd).8 Response
rates in the Isa-Pd and Isa-Rd ranged between 60% and
70%, suggesting some resistance patterns and possibly
some undiscovered biomarkers for response. Preclinical
studies indicated that Isa elicits anti-MM activity through
multiple mechanisms, including ADCC by natural killer
(NK) cells.9–12
NK cells account for approximately 10%–15% of peripheral blood lymphocytes and are recognized as fast-acting
cytotoxic innate lymphoid cells that trigger immunity to
infection and cancer.13 NK cells use a very complex and
sophisticated repertoire of activating and inhibitory receptors that are calibrated to ensure self-tolerance while eliminating diseased cells. The polymorphic human leukocyte
antigen (HLA) class I-specific killer-cell immunoglobulin-
like receptors (KIR) are crucial for human NK cell development and function.14 KIR receptors are encoded by a
family of genes located in the leukocyte receptor complex
on chromosome 19.15 Several haplotypes that differ by
the number and type of KIR gene content have been
described in populations. The most common haplotype
that occurs nearly 50% in Caucasians is called A-haplotype, which contains a fixed set of nine genes (figure 1).
The A-
haplotype encodes inhibitory KIRs to all four
HLA class I ligands, C2 (KIR2DL1), C1 (KIR2DL3), Bw4
(KIR3DL1), A3/A11 (KIR3DL2), and a single activating
KIR2DS4. The remaining haplotypes are collectively
referred to as group B-haplotypes, which have variable
KIR gene content comprising several genes (ie, KIR2DL2,
KIR2DL5, KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5, and
KIR3DS1) that are not part of the A haplotype. The
group-B haplotypes encode 1–6 activating KIRs and only
two inhibitory KIRs that bind to HLA-
C1 (KIR2DL2),
HLA-
A3/A11 (KIR3DL2). Little is known about the
ligands for the activating KIRs. A stretch of 14 kb DNA
enriched with L1 repeats upstream of KIR2DL4 divides
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METHODS
Patients
We analyzed 57 patients with RRMM enrolled in a phase
IIb clinical trial (registered at www.
clinicaltrials.
gov)
evaluating treatment with Isa-Len-Dex.8 These patients
had a confirmed diagnosis of MM, had progressed or
were refractory to the immediate prior therapy, and
had received more than two lines of anti-MM treatment,
including many of whom were Len exposed and refractory.8 This phase Ib dose-escalation study assessed the
safety, efficacy, and pharmacokinetics of Isa given in two
schedules (3, 5, or 10 mg/kg every other week (Q2W) or
10 or 20 mg/kg weekly (QW) for 4 weeks and then Q2W
thereafter (QW/Q2W)), in combination with Len 25 mg
(days 1–21) and Dex 40 mg (QW). Patients received
28-
day treatment cycles. Twenty-
four patients were
treated in the dose-escalation phase (3 mg/kg Q2W, n=4;
5 mg/kg Q2W, n=3; 10 mg/kg Q2W, n=6; 10 mg/kg QW/
Q2W, n=3; 20 mg/kg QW/Q2W, n=8). Three patients
were replaced for dose-limiting toxicity evaluation due
to grade 3 infusion-associated reactions that occurred
during the first Isa infusion and led to treatment discontinuation (1 patient at 3 mg/kg Q2W and 2 patients at
20 mg/kg QW/Q2W). We included all 57 patients with
RRMM that received at least one dose of Isa-Len-Dex
therapy despite dosage level 3, 5, 10, or 20 mg/kg and
treatment schedule. Baseline patient demographics,
disposition, and disease characteristics were summarized
previously.8
Antibodies and reagents
HLA-
ABC-
FITC
Isa mAb was provided by Sanofi. Anti-
(clone: REA230), anti-CD38-FITC-PE (clone: IB6), anti-
CD3-FITC (clone: BW264/56), and anti-CD56-PE (clone:
AF12-
7H3) were purchased from Miltenyi Biotec Inc
(Auburn, California, USA). EasySep Direct human NK
cell isolation kit was purchased from STEMCELL Inc
(Vancouver, British Columbia, Canada). Carboxyfluorescein succinimidyl ester (CFSE), fixable viability dye
(FVD), fetal bovine serum (FBS), interleukin 6 (IL-6),
IL-2, and Penicillin-Streptomycin antibiotics (10,000 U/
mL) were purchased from Thermo Fisher Scientific
(Waltham, Massachusetts, USA).
Sun H, et al. J Immunother Cancer 2021;9:e002958. doi:10.1136/jitc-2021-002958

MM cell lines
We obtained genomic DNA samples from >40 human
myeloma cell lines from Keats lab (https://www.keatslab.
org/
myeloma-
cell-
lines). HLA typing was performed
using a Luminex-based oligonucleotide probe hybridization method according to the manufacturer’s instructions
(One Lambda, Canoga Park, California, USA). Based on
the HLA class I types, 12 MM cell lines with specific HLA
class I ligands (online supplemental table 1), such as
those having homozygous HLA-C (C1C1 or C2C2) and
with or without HLA-A3/11 or Bw4 ligands were identified for purchasing from DMSZ (https://www.
dsmz.
de/catalogues/catalogue-human-and-animal-cell-lines.
html) or JCRB cell banks (http://cellbank.nibiohn.go.
jp/english/). The MM cell lines were cultured in Roswell
Park Memorial Institute 1640 (RPMI-1640) medium
(Invitrogen, Carlsbad, California, USA) supplemented
with 10% heat-inactivated FBS (Sigma, St. Louis, MO),
IL-6, and antibiotics (100 units/mL penicillin, 100 mg/
mL streptomycin) at 37°C in a humidified atmosphere
with 5% CO2. These MM cell lines were routinely tested
using MycoAlert PLUS Mycoplasma Detection Kit from
Lonza (Walkersville, MD) and STR profiling to ensure
they were free from mycoplasma.
HLA and KIR genotyping
Genomic DNA from human PBMC and MM cell lines was
extracted using the Qiagen DNA extraction kit (Qiagen,
Valencia, California, USA). The HLA class I and KIR
genotyping were performed using Luminex-based oligonucleotide probe hybridization methods according to the
manufacturer’s instructions (One Lambda, Canoga Park,
California, USA). Prediction of KIR haplogroups and
centromeric and telomeric gene clusters were performed
as described previously.29 Briefly, those having only the
genes of group A haplotype KIRs (3DL3-
2DL3-
2DL1-
2DP1-3DP1-2DL4-3DL1-2DS4-3DL2) were assigned as AA
genotype carriers. The BB genotype refers to be lacking
any of the four A haplotype-specific KIR genes (2DL1,
2DL3, 3DL1, and 2DS4). The AB genotype is heterozygous, carrying all A haplotype-specific KIR genes plus
other KIR genes.
FCGR3A-158 genotyping
The single-nucleotide polymorphisms of FCGR3A-F158V
were analyzed by a single-step multiplex allele-specific
PCR and melting curve-
based assay using modified
primers sets.30 The primer sequences are: V allele-specific
reverse primer: 5′-AGACACATTTTTACTCCCAAC-3′;
F allele-
specific reverse primer: 5′-GCGGGCAGGGCG
GCGG G GGC G GGG C CGG T GAT G TTC A CAG T CTC
TGATCACACATTTTTACTCCCAAA-3′; FCGR3A-specific
common forward primer: 5′-TCCAAAAGCCACACTC
AAAGTC-3′). The sequence and specificity of the primers
were verified by direct sequencing of PCR amplicons
from nine subjects (online supplemental figure 1). Only
50 patients were typed for FCGR3A-V158F dimorphism,
3
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Moreover, the role of KIR+HLA mediated licensing and
inhibition in human ADCC is poorly defined. Herein, we
tested the hypothesis that individualized constellation of
genes that control the NK cell effector function influence
the efficacy of Isa mAb therapy through Isa-dependent
NK cytolysis. The data from this study show, for the first
time, a correlation between genes contributing to NK
cell ADCC and the clinical efficacy of Isa therapy. The
outcome of this study may lead to new treatment strategies in predicting which patients would be best suited for
antibody immunotherapy.
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NK cell isolation
Peripheral blood samples were obtained from 11 selective donors with specific KIR+HLA compositions (online
supplemental table 2). The NK cells were isolated by an
immunomagnetic negative-
selection method using the
EasySep direct procedure according to the manufacturer’s instructions. The purity of NK cells following isolation was evaluated by flow cytometry, and those with >95%
were used. These freshly isolated NK cells were stimulated
overnight in IL-2 (100 U/mL) added RPMI-1640 medium
supplemented with 10% heat-inactivated FBS.
Flow cytometric ADCC analysis
To evaluate the impact of KIR receptors and cognate
HLA class I ligand interactions on Isa-
dependent NK
cytolysis of MM cell line targets, a recently developed flow
cytometry method using CFSE labeling and FVD staining
was employed.31 Briefly, MM cell line targets were prelabeled with CFSE for 8 min and then divided into 10,000
cells/well in a 96-well culture plate. Target killing was
initiated by the addition of following six different coincubation treatments overnight at 37°C: (1) no treatment as
normalization control; (2) Len (10 µM); (3) Dex (10 µM);
(4) Len and Dex (10 µM each); (5) Isa (10 µg/mL); (6)
IL-2 activated NK cells (2.5:1 as the effector:target ratio);
(7) IL-2 activated NK cells+Isa. The cells were harvested
and stained with FVD for 20 min for the detection of
dead cells. The cells were then washed with phosphate-
buffered saline containing 2% FBS and then subjected
to flow cytometry analysis using Fortessa x-20 (BD Biosciences, San Jose, California, USA). Data were collected,
analyzed using Flowjo software. MM cell death rate was
calculated by numbers of normalized CFSE+FVD+ cells/
numbers of normalized CFSE+ cells. Len or Dex treatment for 72 hours with dosages ranging from 0 to 100 µM
resulted in 0%–20% of death with all 10 MM cell lines
except Dex-treated KAS61, which showed up to 40% cell
death (online supplemental figures 2 and 3). Len and
Dex (10 µM each) combined showed an additive effect on
MM cell line death during 24 hours (online supplemental
figure 3). To avoid the Len/Dex-mediated cytotoxicity
background, we used untreated MM cell lines in all subsequent experiments to precisely examine the impact of
KIR+HLA interactions on Isa-dependent NK cytolysis.

mean percentage ±SD of each experimental condition was
calculated from 3 to 6 replicate wells. A paired t-test was
used to compare cell killing by different conditions. The
coefficient of drug interaction (CDI) was used to calculate combination synergism, as previously described.33
The CDI is calculated as following: CDI = AB/(A×B). AB is
the ratio of the combination groups to the control; A or
B is the ratio of the single-drug group to the control. The
CDI value <1, = 1, or >1 indicates that the combination is
either synergistic, additive, or antagonistic, respectively.
The statistical analysis was performed using GraphPad
Prism V.6 (GraphPad Software, La Jolla, California, USA).
Differences were considered to be significant at a p value
below 0.05.

RESULTS
Contrasting effects of KIR3DL2+HLA-A3/11+ and
KIR2DL1+HLA-C2C2+ combinations on PFS
To examine whether KIR and its cognate HLA class I
ligand combinations known to set NK cell functional
threshold influence response to Isa-Len-Dex therapy, we
determined the correlation between specific KIR+HLA
combinations and median PFS time (MST). Nearly one-
fourth of the patient cohort (24.6%; 14/57) carried the
KIR3DL2+HLA-A3/11+ combination, and these patients
had significantly prolonged PFS compared with the rest
of the cohort lacking this combination (MST=19.35 vs
6.11 months, HR=0.43 (95% CI 0.22 to 0.88), p=0.02)
(figure 2A). In contrast, patients with KIR2DL1+HLA-C2C2+ had significantly reduced PFS (MST=5.73 vs
13.33 months, HR=3.54 (95% CI 0.08 to 0.98), p=0.05)
compared with the patients missing this combination
(figure 2B). It is important to note that none of the 14
patients who carried the KIR3DL2+HLA-A3/11+ combination had a KIR2DL1+HLA-C2C2+ combination.
The KIR3DL2 is a framework gene and exists ubiquitously in all individuals, and thus the prolonged PFS is
arguably ensured only by HLA-A3/11. To confirm the
prolonged PFS is mediated by KIR3DL2+HLA-
A3/11+
combination and not by HLA-A3/11 alone, we assessed
the presence of other core HLA-A antigens that do not
bind KIR3DL2 (eg, HLA-A1, A2, A24, A26, A29, and A68)
and found no correlation between these core HLA-A antigens and PFS (online supplemental figure 4).

Statistical methods
In the phase IIb study, progression-free survival (PFS)
was defined as the time from the first dose of study medication to either disease progression or death, whichever
came first. PFS was censored at the date of the last valid
assessment before the cut-
off date in the absence of
either disease progression or death before the analysis
cut-off date. The PFS estimates were calculated using the
Kaplan-Meier method.32 All cytolysis experiments were
conducted in triplicates and repeated at least twice. The

Varying KIR and HLA interactions diversify Isa-dependent NK
cytolysis of MM cells
We performed comprehensive mechanistic studies
employing in vitro cell-
killing experiments to confirm
the role of ADCC in inter-individual variations of efficacy
to Isa treatment for MM. We used primary NK cells with
distinct KIR receptor repertoire (online supplemental
table 2) and MM cell lines expressing minimal HLA class I
ligands (online supplemental table 1). The NK cells alone
can kill MM cell lines, but the degree of killing differs
substantially among effector (NK cells) and target (MM
cell lines) combinations (online supplemental figure
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and the quantity of DNA from the remaining 7 patients
was not sufficient to perform this genotyping.
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5A,B). Such variation in NK cytolysis is presumably due
to the “missing ligand” phenomenon, where the absence
of HLA class I ligand from MM cell targets to which the
effector NK cells were initially licensed by their cognate
HLA class I ligands. Supplementing Isa in NK+MM reactions enhanced the NK cytolysis into several folds via Isa-
dependent NK cytolysis mechanism (online supplemental
figure 5A, C and D).
Sun H, et al. J Immunother Cancer 2021;9:e002958. doi:10.1136/jitc-2021-002958

Opposing effects of KIR3DL2+HLA-A3/11+ and KIR2DL1+HLAC2C2+ interactions on Isa-dependent NK cytolysis
We performed in-depth mechanistic studies using in vitro
cell-killing experiments to confirm the opposing effects
of KIR3DL2+HLA-
A3/11+ and KIR2DL1+HLA-
C2C2+
combinations on PFS are arbitrated by Isa-dependent NK
cytolysis. The MM cell lines that are positive or negative
for HLA-A3/11 or HLA-C2C2 ligands were subjected to
5
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Figure 2 The Kaplan-Meier curves showing the impact of specific killer-cell immunoglobulin-like receptors (KIR)+human
leukocyte antigen (HLA) combinations on progression-free survival (PFS) of relapsed or refractory multiple myeloma (RRMM)
patients with RRMM treated by isatuximab+lenalidomide+dexamethasone (A, B). Patients carrying KIR3DL2+HLA-A3/11+
had significantly prolonged PFS compared with the patients missing those combinations (A). In contrast, patients with
KIR2DL1+HLA-C2C2+ had significantly reduced PFS compared with patients missing this combination (B). Mechanistic studies
confirm the role of these KIR+HLA interactions in modulating isatuximab-dependent natural killer (NK) cytolysis of MM cells (C,
D). Multiple myeloma (MM) cells expressing HLA-A3/11 (ANBL6 expresses HLA-A3, and KMS18 expresses HLA-A11) showed a
significantly improved isatuximab-dependent NK cytolysis compared with those that were negative for HLA-A3/11 (SKMM2 and
JK6L) (C). All these four MM cell lines (ANBL6, KMS18, SKMM2, and JK6L) coexpress HLA-C1C1 and HLA-Bw4I80 ligands. The
MM cell lines expressing HLA-C2C2 (Karpas620 and ARD) were resistant to isatuximab-dependent NK cytolysis compared with
the MM cell lines (AMO1, KAS61, KMS20, and XG2) that are negative for HLA-C2C2 (D). These six MM cell lines (Karpas620,
ARD, AMO1, KAS61, KMS20, and XG2) co-express HLA-Bw4T80 ligand. The cognate HLA class I ligands of the effector NK cells
are given in parenthesis. Data provided in (C) and (D) represent the mean±SD of 11 independent experiments.
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Patients with KIR2DL3+HLA-C1C1+ or KIR3DL1+HLA-Bw4I80+
combinations showed a tendency toward an improved PFS
Although the difference was not statistically significant, patients with KIR2DL3+HLA-C1C1+ combination
showed a tendency toward an improved PFS compared
with patients missing this combination (MST=9.69 vs 6.11
months, HR=0.81 (95% CI 0.42 to 1.57), p=0.55) (online
supplemental figure 6A). No difference was observed in
PFS with patients carrying KIR3DL1+HLA-Bw4+ combination compared with patients missing this combination (online supplemental figure 6B). The strength of
KIR3DL1-
mediated inhibition differs from HLA-
Bw4
subtypes.34 35 The patients with strongly inhibiting ligand
HLA-Bw4I80 and KIR3DL1 combinations showed a trend
towards improved PFS compared with patients carrying
weakly inhibiting KIR3DL1+HLA-
Bw4T80+ combination
(MST=11.99 vs 5.98 months, HR=1.81 (95% CI 0.71 to

4.60), p=0.4); however, this difference was not significant (online supplemental figure 6C). No difference was
observed in PFS in patients having KIR3DL1+HLA-Aw4
(ie, HLA-A23, A24, A25, and A32) (online supplemental
figure 6B) or in patients having or missing KIR2DL2+HLA-
C1C1+ combinations (online supplemental figure
6D). Similarly, the activating KIR genes do not contribute
to the PFS (online supplemental figure 7).
Patients with high-affinity FCGR3A-158V allele showed an
improved PFS
To determine if dimorphic residue 158 of FcRIIIa/CD16
influences the therapeutic outcome of Isa mAb by modulating Isa-
dependent NK cytolysis, we compared the
PFS between patients having high-affinity or low-affinity
FCGR3A genotype. The distribution of FCGR3A-158
dimorphism in the patient cohort was 30% F/F, 28% V/F,
and 7% V/V. Although not statistically significant, patients
with high-affinity FCGR3A-158VV/VF genotype showed
a trend of improved PFS compared with those carrying
low-
binding FF genotype (MST=13.93 vs 9.35 months,
HR=0.55 (95% CI 0.24 to 1.27), p=0.37) (figure 3A). Next,
we evaluated the functional implications of FCGR3A158 dimorphism in Isa-
dependent NK cell-
mediated
cytotoxicity. The presence of Isa in the in vitro killing
assay increased NK cell cytolysis of MM cell line targets
(figure 3B). The Isa-
mediated NK cytolysis increased
significantly with the presence of FCGR3A-158VV by over
a factor of 3 compared with the NK cells that are homozygous for phenylalanine (p=0.0008) (figure 3B).
We also investigated the effects of other KIR genotypes and the combined effects of multiple favorable

Figure 3 Impact of FCGR3A genotypes on progression-free survival (PFS) and isatuximab-dependent natural killer (NK) cell-
mediated cytotoxicity. The Kaplan-Meier curves showing PFS with patients having a high-affinity FCGR3A-158VV/VF genotype
compared with the patients having low-binding FCGR3A-158FF genotype (A). Six multiple myeloma (MM) cell lines expressing
a similar set of human leukocyte antigen class I ligands (C1C1+Bw4+) were treated with and without isatuximab (10 µg/mL), and
then exposed to primary NK cells carrying either homozygous FCGR3A-158VV or FF genotype. Effector NK cells with FCGR3A-
158VV mediate greater isatuximab-dependent antibody-dependent cell-mediated cytotoxicity compared with the NK cells
expressing FCGR3A-158FF (B).
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killing by NK cells of 11 donors with different KIR+HLA
constellations in the presence of Isa mAb. Consistent with
clinical survival results, MM cells expressing HLA-A3/11
(ANBL6 expresses HLA-A3, and KMS18 expresses HLA-
A11) showed a significantly improved Isa-
dependent
NK cytolysis compared with those MM cells (SKMM2
and JK6L) that were negative for HLA-A3/11 (p<0.002,
figure 2C). The MM cells expressing HLA-
C2C2
(Karpas620 and ARD) were resistant to Isa-dependent NK
cytolysis compared with those MM cells (AMO1, KAS61,
KMS20, and XG2) that were negative for HLA-
C2C2
(p<0.0001, figure 2D). These effects were independent
of the varied KIR receptor repertoire of NK cells used in
these ADCC assays.
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DISCUSSION
Targeted mAb-based immunotherapies have revolutionized the treatment of cancer.36 In this phase Ib trial, the
combination of Isa with Len and Dex resulted in encouraging clinical activity with an overall response rate of 56%
and a clinical benefit rate of 71% in heavily pretreated
patients with RRMM.8 The median PFS was 8.5 months.
However, there was notable individual heterogeneity in
the efficacy of Isa therapy, which we hypothesized was
mediated by host genes that control NK cell response.
Consistent with our hypothesis, we observed a strong
correlation between the effectiveness of Isa mAb therapy
and the specific constellation of KIR-
HLA-
FCGR3A
genetic variables that control NK cell responsiveness.
The inhibitory KIR-
mediated NK cell interactions
with self-HLA class I molecules beget NK cell maturation (ie, licensing or education) and the subsequent
ability to survey, recognize, and destroy virally infected
or transformed cells that have downregulated HLA class
I expression16–20—a recognition strategy described as
“missing-self” hypothesis.37 38 The patient survival data
and pertinent in vitro experiments presented in this study

challenge this paradigm. Although all these inhibitory
KIR+HLA interactions are presumably delivering inhibitory signals within the NK cells, the biological consequences of the signals produced by specific KIR+HLA
interactions on ADCC appear to be paradoxical.
The most prolonged PFS was observed with patients
carrying inhibitory KIR3DL2+HLA-
A3/11+ combination. Consistent with the improved clinical outcome, the
in vitro ADCC assays confirm a vigorous NK cytolysis of
MM cell lines expressing HLA-
A3/11 ligand. Indeed,
the specific residues involving in KIR3DL2+HLA-A3/11+
interaction have been studied poorly.39 40 Peptide bound
by HLA-A3/11 influences its binding to KIR3DL2,41 and
KIR3DL2+HLA-A3/11+ recognition does not appear to
educate NK cells.42 Although the mechanism of anti-MM
activity rendered by inhibitory KIR3DL2+HLA-
A3/11+
interaction is unclear, our results indicate that NK cell
recognition through KIR3DL2+HLA-
A3/11+ interaction may trigger more robust NK cytolysis of cancerous
plasma cells via the ADCC pathway.
affinity
The inhibitory signals triggered by the high-
KIR2DL1+HLA-C2+ interaction were shown to be relatively more potent compared with those triggered by
KIR2DL2/3+HLA-C1+ interactions.43 Presumably, the
stronger inhibitory signals elicited by the KIR2DL1+HLA-C2+ might lead to vigorous suppression of NK cell
effector function, including ADCC, and consequently
compromise the efficiency of Isa-
mediated anti-
MM
response in patients. Using in vitro mechanistic experiments, we confirmed such a dominant KIR2DL1+HLA-C2+ mediated inhibition of NK cytolysis of MM cell
lines. These observations are congruent with prior
findings showing an association between KIR2DL1+HLA-C2+ and increased susceptibility to childhood acute
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KIR+HLA combinations (online supplemental table 3).
Patients carrying high-affinity FCGR3A-158V allele and
KIR3DL2+HLA-A3/11+ combination showed the highest
MST (MST >32 vs 6.11 months, HR=0.35 (95% CI 0.16 to
0.74), p=0.007) (figure 4A). Similarly, patients carrying
KIR3DL2+HLA-A3/11+
and
KIR2DL3+HLA-C1C1+
combinations showed improved PFS (MST=19.35 vs
7.39 months, HR=0.45 (95% CI 0.21 to 0.96), p=0.04)
(figure 4B). Of interest, 15.8% of patients carrying centromeric BB motif or centromeric AA motif with HLA-C2C2+
ligand showed worse PFS (online supplemental table 3).
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Figure 4 The Kaplan-Meier curves showing the impact of specific killer-cell immunoglobulin like receptors (KIR)+human
leukocyte antigen (HLA) and FCGR3A gene polymorphisms on progression-free survival (PFS) of patients with relapsed or
refractory multiple myeloma treated by isatuximab+lenalidomide+dexamethasone. Patients carrying KIR3DL2+HLA-A3/11+
plus FCRG3A-158V (A) or KIR2DL3+HLA-C1C1+ (B) had significantly prolonged PFS compared with the patients missing those
combinations.
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over-
represented in Northeast Asians (Chinese, Japanese, and Koreans), while the B haplotype occurs most
frequently in the natives of India, Australia, and the
USA.52 The A and B haplotypes differ primarily by activating KIRs—B haplotypes can have 1–5 activating KIRs
while A haplotypes have only a single activating KIR. The
inhibitory KIRs do not differ significantly between A and
B haplotypes. Therefore, most individuals in any given
population carry all inhibitory KIR genes. However, the
HLA class I ligand distribution is diverse in populations.
For example, Northeast Asians have a high incidence
of HLA-A11 and HLA-C1, while Africans have a higher
frequency of HLA-C2 compared with Northeast Asians
(54% vs 24%). The HLA class I ligand diversity can affect
inhibitory KIR+HLA class I ligand constellations, which in
turn can influence ADCC-mediated Isa therapy in distinct
populations. Therefore, the finding observed from this
study can not be directly applicable to other populations. For example, the African population enriched
with HLA-C2 ligands may frequently display inadequate
ADCC-mediated response to Isa therapy.
To our knowledge, these data are the first to indicate
that genotypic KIR+HLA and FCGR3A profiles of NK cells
may affect their ability to induce ADCC and correlate with
clinical outcomes in patients with RRMM treated with Isa
therapy. Given the small size of our study, further investigations are needed in larger and potentially randomized trials with a fixed Isa dose and treatment schedule
to test our hypothesis. Besides, the small number of
patients studied here prevented evaluation of the impact
of multiple KIR+HLA combinations. Therefore, further
systematic analyses of associations should focus on determining the predictive value of multiple KIR+HLA and
FCGR3A combinations in patients receiving Isa
immunotherapies.
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lymphoblastic leukemia44 and myeloid leukemia.45 Overexpression of KIR2DL1 on the entire NK cell population
was shown to lead to severe immunodeficiency.46
Patients with acute myelogenous leukemia who underwent HLA-
matched hematopoietic cell transplantation
revealed that a strong inhibiting KIR3DL1+HLA-Bw4I80+
combination predicts higher relapse and mortality,
whereas weak combinations were protective.47 In contrast
to KIR2DL1+HLA-
C2+ interaction, the strongly inhibiting KIR3DL1+HLA-Bw4I80+ interaction in the current
study showed a propensity of improved PFS compared
with the weakly inhibiting KIR3DL1+HLA-Bw4T80+ combination. The notion of potent inhibition-arbitrated NK
cell hyporesponsiveness does not apply to all clinical
settings and requires further investigation to understand
the mechanisms.
Patients expressing high-
affinity FCGRs showed
prolonged PFS in this study, possibly due to increased
Isa-binding and Isa-mediated NK cytolysis of cancerous
plasma cells. Consistent with the direct in vivo effect
of ADCC, our in vitro experimental data also convincingly show that MM cell lines are more susceptible to
Isa-mediated ADCC when NK cells express high-affinity
FCGR3A-
158VV. In agreement with these data, the
enhanced effect of the 158V polymorphism on ADCC was
previously demonstrated using rituximab and NK cells
from 52 healthy donors.48
With the rapid expansion of therapeutic options
available for patients with MM, biomarkers predictive
of clinical responses are becoming increasingly relevant.49 Our results may reveal the genetic and molecular basis of heterogeneous NK cell responses mediated
by ADCC in patients with MM receiving Isa-
Len-
Dex
immunotherapy. Hierarchical clustering based on the
correlation between host NK cell immunogenetics distinguishes patients that benefit from Isa-Len-Dex combination therapy versus those who appear resistant. At the
extremes of this hierarchy, over 17.5% of the patients
carrying the best responding genotype KIR3DL2+HLA-
A3/11+ plus FCGR3A-
158V, while 15.8% have the
worst responding mutually exclusive genotypes cen-BB
or cen-
AA+HLA-
C2C2. These quantitative data-
derived
models may identify patients with a higher risk of resistance to Isa-Len-Dex combination therapy and offer a
potential precision medicine approach for optimizing
cancer immunotherapies. Additional strategies, including
combinations with reagents that can enhance NK cell
expansion and responsiveness, such as IL-2, are needed
for all patients, especially those who may be genetically predisposed to resistance.50 Blocking the selective
inhibitory KIR+HLA interactions using anti-
inhibitory
KIR mAbs may remove the overwhelming inhibition
and, thereby potentially improve the anti-MM activity in
patients with resistant KIR2DL1+HLA-C2+genotypes.51
Both KIR and HLA systems are polygenic and polymorphic and exhibit abundant diversity between human
populations. The A and B haplotypes are equally distributed in Caucasians. Conversely, the A haplotype is

Open access

1 Röllig C, Knop S, Bornhäuser M. Multiple myeloma. Lancet
2015;385:2197–208.
2 Gozzetti A, Candi V, Papini G, et al. Therapeutic advancements in
multiple myeloma. Front Oncol 2014;4:241.
3 Michels TC, Petersen KE. Multiple myeloma: diagnosis and
treatment. Am Fam Physician 2017;95:373–83.
4 Kumar SK, Lee JH, Lahuerta JJ, et al. Risk of progression and
survival in multiple myeloma relapsing after therapy with IMiDs and
bortezomib: a multicenter international myeloma Working Group
study. Leukemia 2012;26:149–57.
5 Raje N, Longo DL. Monoclonal antibodies in multiple myeloma come
of age. N Engl J Med 2015;373:1264–6.
6 Lonial S, Durie B, Palumbo A, et al. Monoclonal antibodies in
the treatment of multiple myeloma: current status and future
perspectives. Leukemia 2016;30:526–35.
7 Attal M, Richardson PG, Rajkumar SV, et al. Isatuximab plus
pomalidomide and low-dose dexamethasone versus pomalidomide
and low-dose dexamethasone in patients with relapsed and
refractory multiple myeloma (ICARIA-MM): a randomised,
multicentre, open-label, phase 3 study. Lancet 2019;394:2096–107.
8 Martin T, Baz R, Benson DM, et al. A phase 1B study of isatuximab
plus lenalidomide and dexamethasone for relapsed/refractory
multiple myeloma. Blood 2017;129:3294–303.
9 van de Donk NWCJ, Richardson PG, Malavasi F. Cd38 antibodies in
multiple myeloma: back to the future. Blood 2018;131:13–29.
10 Deckert J, Wetzel M-C, Bartle LM, et al. SAR650984, a novel
humanized CD38-targeting antibody, demonstrates potent antitumor
activity in models of multiple myeloma and other CD38+ hematologic
malignancies. Clin Cancer Res 2014;20:4574–83.
11 Jiang H, Acharya C, An G, et al. SAR650984 directly induces
multiple myeloma cell death via lysosomal-associated and apoptotic
pathways, which is further enhanced by pomalidomide. Leukemia
2016;30:399–408.
12 Moreno L, Perez C, Zabaleta A, et al. The mechanism of action of
the Anti-CD38 monoclonal antibody Isatuximab in multiple myeloma.
Clin Cancer Res 2019;25:3176–87.
13 Cerwenka A, Lanier LL. Natural killer cells, viruses and cancer. Nat
Rev Immunol 2001;1:41–9.
14 Rajalingam R. Diversity of killer cell immunoglobulin-like receptors
and disease. Clin Lab Med 2018;38:637–53.
15 Wilson MJ, Torkar M, Haude A, et al. Plasticity in the organization
and sequences of human KIR/ILT gene families. Proc Natl Acad Sci
U S A 2000;97:4778–83.

16 Raulet DH, Vance RE, McMahon CW. Regulation of the natural killer
cell receptor repertoire. Annu Rev Immunol 2001;19:291–330.
17 Kim S, Poursine-Laurent J, Truscott SM, et al. Licensing of natural
killer cells by host major histocompatibility complex class I
molecules. Nature 2005;436:709–13.
18 Yokoyama WM, Kim S. How do natural killer cells find self to achieve
tolerance? Immunity 2006;24:249–57.
19 Raulet DH, Vance RE. Self-Tolerance of natural killer cells. Nat Rev
Immunol 2006;6:520–31.
20 Anfossi N, André P, Guia S, et al. Human NK cell education by
inhibitory receptors for MHC class I. Immunity 2006;25:331–42.
21 Du Z, Gjertson DW, Reed EF, et al. Receptor-Ligand analyses define
minimal killer cell Ig-like receptor (Kir) in humans. Immunogenetics
2007;59:1–15.
22 Khakoo SI, Carrington M. Kir and disease: a model system or system
of models? Immunol Rev 2006;214:186–201.
23 Mellor JD, Brown MP, Irving HR, et al. A critical review of the role of
Fc gamma receptor polymorphisms in the response to monoclonal
antibodies in cancer. J Hematol Oncol 2013;6:1.
24 Musolino A, Naldi N, Bortesi B, et al. Immunoglobulin G fragment
C receptor polymorphisms and clinical efficacy of trastuzumab-
based therapy in patients with HER-2/neu-positive metastatic breast
cancer. J Clin Oncol 2008;26:1789–96.
25 Taylor RJ, Chan S-L, Wood A, et al. Fcgammariiia polymorphisms
and cetuximab induced cytotoxicity in squamous cell carcinoma of
the head and neck. Cancer Immunol Immunother 2009;58:997–1006.
26 Weng W-K, Levy R. Two immunoglobulin G fragment C receptor
polymorphisms independently predict response to rituximab in
patients with follicular lymphoma. J Clin Oncol 2003;21:3940–7.
27 Richardson PG, Facon T, Bensinger WI, et al. Predictive biomarkers
with isatuximab plus pomalidomide and dexamethasone in relapsed/
refractory multiple myeloma. Blood Cancer J 2021;11:55.
28 Zhu C, Song Z, Wang A, et al. Isatuximab acts through Fc-
dependent, independent, and direct pathways to kill multiple
myeloma cells. Front Immunol 2020;11:11.
29 Rajalingam R, Ashouri E. Gene-Specific PCR typing of killer cell
immunoglobulin-like receptors. Methods Mol Biol 2013;1034:239–55.
30 Dall'Ozzo S, Andres C, Bardos P, et al. Rapid single-step
FCGR3A genotyping based on SYBR green I fluorescence in
real-time multiplex allele-specific PCR. J Immunol Methods
2003;277:185–92.
31 Yamashita M, Kitano S, Aikawa H, et al. A novel method for
evaluating antibody-dependent cell-mediated cytotoxicity by
flowcytometry using cryopreserved human peripheral blood
mononuclear cells. Sci Rep 2016;6:19772.
32 Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Assoc 1958;53:457–81.
33 Tallarida RJ. Quantitative methods for assessing drug synergism.
Genes Cancer 2011;2:1003–8.
34 Cella M, Longo A, Ferrara GB, et al. NK3-specific natural killer cells
are selectively inhibited by Bw4-positive HLA alleles with isoleucine
80. J Exp Med 1994;180:1235–42.
35 Rojo S, Wagtmann N, Long EO. Binding of a soluble p70 killer cell
inhibitory receptor to HLA-B*5101: requirement for all three p70
immunoglobulin domains. Eur J Immunol 1997;27:568–71.
36 Weiner LM, Surana R, Wang S. Monoclonal antibodies:
versatile platforms for cancer immunotherapy. Nat Rev Immunol
2010;10:317–27.
37 Kärre K, Ljunggren HG, Piontek G, et al. Selective rejection of H-2-
deficient lymphoma variants suggests alternative immune defence
strategy. Nature 1986;319:675–8.
38 Ljunggren HG, Kärre K. In search of the 'missing self': MHC
molecules and NK cell recognition. Immunol Today 1990;11:237–44.
39 Pende D, Biassoni R, Cantoni C, et al. The natural killer cell receptor
specific for HLA-A allotypes: a novel member of the p58/p70 family
of inhibitory receptors that is characterized by three immunoglobulin-
like domains and is expressed as a 140-kD disulphide-linked dimer. J
Exp Med 1996;184:505–18.
40 Döhring C, Scheidegger D, Samaridis J, et al. A human
killer inhibitory receptor specific for HLA-A1,2. J Immunol
1996;156:3098–101.
41 Hansasuta P, Dong T, Thananchai H, et al. Recognition of HLA-A3
and HLA-A11 by KIR3DL2 is peptide-specific. Eur J Immunol
2004;34:1673–9.
42 Yawata M, Yawata N, Draghi M, et al. Mhc class I-specific inhibitory
receptors and their ligands structure diverse human NK-cell
repertoires toward a balance of missing self-response. Blood
2008;112:2369–80.
43 Winter CC, Gumperz JE, Parham P, et al. Direct binding and
functional transfer of NK cell inhibitory receptors reveal novel
patterns of HLA-C allotype recognition. J Immunol 1998;161:571–7.

Sun H, et al. J Immunother Cancer 2021;9:e002958. doi:10.1136/jitc-2021-002958

9

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request. The
datasets generated and analyzed during the current study are available from the
corresponding author on reasonable request.
Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://c reativecommons.org/licenses/by-nc/4.0 /.
ORCID iD
Raja Rajalingam http://o rcid.org/0000-0001-8821-7877

REFERENCES

J Immunother Cancer: first published as 10.1136/jitc-2021-002958 on 16 July 2021. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Ethics approval The study includes 57 patients with RRMM enrolled in a phase
Ib clinical trial (registered at www.clinicaltrials.gov as #NCT01749969) evaluating
treatment with Isa-Len-Dex. The study protocol was approved by the ethics
committee at every institution and conducted per recommendations of Good Clinical
Practice and the Declaration of Helsinki. All patients provided written informed
consent before participation in the study.

Open access

10

49
50

51

52

rituximab among individuals expressing the Fc{gamma}RIIIa-158 V/V
and V/F polymorphism. Blood 2007;110:2561–4.
Anderson K. Multiple myeloma: advances reported in 2013 are useful
in the clinic. J Natl Compr Canc Netw 2014;12:808–11.
Gluck WL, Hurst D, Yuen A, et al. Phase I studies of interleukin (IL)-2
and rituximab in B-cell non-hodgkin's lymphoma: IL-2 mediated
natural killer cell expansion correlations with clinical response. Clin
Cancer Res 2004;10:2253–64.
Benson DM, Cohen AD, Jagannath S, et al. A phase I trial of
the Anti-KIR antibody IPH2101 and lenalidomide in patients
with relapsed/refractory multiple myeloma. Clin Cancer Res
2015;21:4055–61.
Rajalingam R, Du Z, Meenagh A, et al. Distinct diversity of KIR
genes in three southern Indian populations: comparison with world
populations revealed a link between Kir gene content and pre-
historic human migrations. Immunogenetics 2008;60:207–17.

Sun H, et al. J Immunother Cancer 2021;9:e002958. doi:10.1136/jitc-2021-002958

J Immunother Cancer: first published as 10.1136/jitc-2021-002958 on 16 July 2021. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

44 Babor F, Manser AR, Fischer JC, et al. Kir ligand C2 is associated
with increased susceptibility to childhood all and confers an elevated
risk for late relapse. Blood 2014;124:2248–51.
45 Giebel S, Locatelli F, Wojnar J, et al. Homozygosity for human
leucocyte antigen-C ligands of KIR2DL1 is associated with increased
risk of relapse after human leucocyte antigen-C-matched unrelated
donor haematopoietic stem cell transplantation. Br J Haematol
2005;131:483–6.
46 Gazit R, Garty B-Z, Monselise Y, et al. Expression of KIR2DL1 on
the entire NK cell population: a possible novel immunodeficiency
syndrome. Blood 2004;103:1965–6.
47 Boudreau JE, Giglio F, Gooley TA, et al. KIR3DL1/HLA-B subtypes
govern acute myelogenous leukemia relapse after hematopoietic cell
transplantation. J Clin Oncol 2017;35:2268–78.
48 Hatjiharissi E, Xu L, Santos DD, et al. Increased natural killer cell
expression of CD16, augmented binding and ADCC activity to

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Sun H, et al. J Immunother Cancer 2021; 9:e002958. doi: 10.1136/jitc-2021-002958

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

A.

B.

120

120
Cell Viability (% of Con)

Cell Viability (% of Con)

Supplemental material

100

80

J Immunother Cancer

L363
L363
JL
JK6L
JJN
JJN3
XG2
XG
KAS/
KAS61
GM
GM12878
AM
AMO1
ARD
AR
Karpas620
Ka
AMBL6
AM

100

80

60

40

60
0

0.1

1

10

(uM)
LenLEN
(µM)
for 72 h

100

0

0.1

1
DEX(uM)

10

100100

Dex (µM) for 72 h

Figure S2: Len and Dex treatment show minimal toxicity to MM cell lines in 72 hours. Ten different MM
cell lines were treated with either Len (A) or Dex (B) at five different concentrations (0, 0.1, 1, 10, and 100
μM) for 72 hours, and cell viability was examined. Data represent the mean ± SD of three independent
experiments.

Sun H, et al. J Immunother Cancer 2021; 9:e002958. doi: 10.1136/jitc-2021-002958

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

A.

JK6L

Karpas620

B.

KAS61

C.

E.

F.

KMS61

G.

H.

I.

XG2

J.

K.

L.

D.

J Immunother Cancer

Figure S3. Combined treatment of Len and Dex (10 μM each) showed an
additive effect on 12 MM cell line death during 24 hours. Data represent the
mean ± SD of 11 independent experiments.

Sun H, et al. J Immunother Cancer 2021; 9:e002958. doi: 10.1136/jitc-2021-002958

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

+

(n = 9 )

-

H L A -A 0 1 ( n = 4 8 )

80
60
40
20
0

Number at risk:
HLA-A01+
HLA-A01-

12

24

4
12

100
H L A -A 0 2

80
60
40
20
0
0

12

24
M o n th s

8
8

H L A -A 2 6

+

(n = 5 )

-

H L A -A 2 6 ( n = 5 2 )

80
60
40
20
0
0

Number at risk:
HLA-A26+
HLA-A26-

12

24
M o n th s

1
14

1
5

36

H L A -A 2 4

2
4

+

(n = 8 )

-

H L A -A 2 4 ( n = 4 9 )

80
60
40
20
0
0

Number at risk:
HLA-A24+
HLA-A24-

12

24

36

M o n th s

3
13

1
5

F.
P r o g r e s s io n - f r e e s u r v iv a l ( % )

100

100

36

E.
P r o g r e s s io n - f r e e s u r v iv a l ( % )

D.

(n = 2 8 )

H L A -A 0 2 ( n = 2 9 )

Number at risk:
HLA-A02+
HLA-A02-

3
3

+
-

36

M o n th s

P r o g r e s s io n - f r e e s u r v iv a l ( % )

H L A -A 0 1

0

P r o g r e s s io n - f r e e s u r v iv a l ( % )

C.

B.
P r o g r e s s io n - f r e e s u r v iv a l ( % )

P r o g r e s s io n - f r e e s u r v iv a l ( % )

A.
100

J Immunother Cancer

100
H L A -A 2 9

+

(n = 6 )

-

H L A -A 2 9 ( n = 5 1 )

80
60
40
20
0
0

Number at risk:
HLA-A29+
HLA-A29-

12

24
M o n th s

2
14

2
4

36

100
H L A -A 6 8

+

(n = 6 )

-

H L A -A 6 8 ( n = 5 1 )

80
60
40
20
0
0

Number at risk:
HLA-A68+
HLA-A68-

12

24

36

M o n th s

2
14

1
5

Figure S4. The Kaplan-Meier curves showing the impact of specific core HLA-A allotypes on PFS of
RRMM patients treated by Isa+Len+Dex.
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Figure S6. The Kaplan-Meier curves showing PFS with patients having specific KIR+HLA
combinations compared to the patients missing those KIR+HLA combinations. The PFS
comparison of patients possessing KIR2DL3+HLA-C1C1+ (A), KIR3DL1+HLA-Bw4+ (B),
KIR3DL1+HLA-Bw4I80+ vs. KIR3DL1+HLA-Bw4T80+ (C), or KIR2DL2+HLA-C1C1+ (D).
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Figure S7. The Kaplan-Meier curves showing the impact of specific activating KIR genes on PFS of
RRMM patients treated by Isa+Len+Dex. The PFS probabilities of patients with or without specific
activating KIR genes KIR2DS1 (A), KIR2DS2 (B), KIR2DS3 (C), KIR2DS4 (D), KIR2DS5 (E), or KIR3DS1 (F).
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