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About the International Myeloma Society

The International Myeloma Society (IMS) is a professional, scientific, and medical society established
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IMS is governed by a Board of Directors representing practices from around the world, and
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ORAL PRESENTATIONS
OAB-001

Integrated Analysis of Bortezomib-
Lenalidomide-Dexamethasone vs
Bortezomib-Thalidomide-Dexamethasone in
Transplant-Eligible Newly Diagnosed
Myeloma
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Abstract:

BACKGROUND Although treatment (Tx)
guidelines recommend VRD and VTD for TE
NDMM, no randomized controlled trials (RCTS)
have directly compared these regimens. Thus, an
integrated analysis was conducted. METHODS
Prospective phase 3 RCTs evaluating VRD or VTD
induction (every 3 or 4 wks) in TE NDMM before
ASCT meeting predefined eligibility criteria
(including access to pt-level data) were included.
Non-inferiority of > VGPR rate after induction was
the primary endpoint. Statistical methods were based
on propensity score (PS). RESULTS Four studies
met eligibility criteria-VRD: PETHEMA GEM
(GEM) 2012 and IFM 2009; VTD: GEM2005 and
IFM 2013-04. GEM studies, used for the primary
analysis, had a symmetrical induction design (six 4-
wk cycles, then ASCT). IFM studies were
considered supportive due to pre-ASCT cycle
number variability (3 VRD vs 8 VRD in IFM 2009
and 4 VTD in IFM 2013-04). IFM analyses
compared IFM 2009 VRD non-ASCT vs IFM 2013-
04 VTD arms. The VRD and VTD PS-stratified
cohorts had no clinically meaningful differences in
baseline characteristics. The integrated analysis met
its primary endpoint (non-inferiority) and
demonstrated a statistically significant and clinically
relevant > VGPR rate improvement after 6 induction
cycles with VRD vs VTD (66.3% vs 51.2%; P =
.00281) in GEM studies. IFM non-inferiority results
had similar > VGPR rates with VRD vs VTD by 4
cycles (12 wks; 57.1% vs 56.5%). Responses
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deepened during induction in GEM studies. In the
378 VRD vs 111 VTD pts who started cycle 6, >
VGPR rate increased from 54.5% vs 35.1% by 3
cycles of induction to 62.7% vs 40.5% by 4 cycles
and to 70.1% vs 55.9% by 6 cycles and 80.2% vs
59.5% post-induction, respectively. The > VGPR
rate post-ASCT (74.4% vs 53.5%) and MRD
negativity (10—4) rates post-induction (46.7% vs
34.9%) and post-ASCT (62.4% vs 47.3%) support
the benefit of VRD vs VTD. Safety was as
previously reported for these studies. In GEM
studies, SC vs IV administration of BORT may have
contributed to lower rates of peripheral neuropathy
(PN; grouped term) with VRD vs VTD (grade 3/4,
5.5% vs 15.4%; grade > 2, 20.7% vs 44.6%). TEAEs
led to dose reduction (21.6% vs 35.4%) and study or
Tx discontinuation (3.1% vs 9.2%) less frequently in
the VRD vs VTD cohorts. In IFM studies, TEAES
led to dose reduction more frequently (32.9% vs
18.3%) and Tx discontinuation less frequently (6.5%
vs 11.2%) with VRD vs VTD. Grade 3/4 PN
(grouped term) was 5.9% vs 15.4%, whereas grade >
2 events were similar (30.3% vs 27.2%), which may
reflect BORT administration in these IFM studies
(IV for VRD vs SC for VTD, respectively).
CONCLUSION Six cycles of VRD induction led to
a significantly higher > VGPR rate than VTD in TE
NDMM. Deepened responses and MRD negativity
further support the benefit of VRD over VTD.
TEAESs with VRD compared well with VTD, with
lower rates leading to discontinuation. This analysis
supports the favorable benefit-risk profile of VRD
over that of VTD as induction Tx in. METHODS
Prospective phase 3 RCTs evaluating VRD or VTD
induction (every 3 or 4 wks) in TE NDMM before
ASCT meeting predefined eligibility criteria
(including access to pt-level data) were included.
Non-inferiority of > VGPR rate after induction was
the primary endpoint. Statistical methods were based
on propensity score (PS). RESULTS Four studies
met eligibility criteria-VRD: PETHEMA GEM
(GEM) 2012 and IFM 2009; VTD: GEM2005 and
IFM 2013-04. GEM studies, used for the primary
analysis, had a symmetrical induction design (six 4-
wk cycles, then ASCT). IFM studies were
considered supportive due to pre-ASCT cycle
number variability (3 VRD vs 8 VRD in IFM 2009
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and 4 VTD in IFM 2013-04). IFM analyses
compared IFM 2009 VRD non-ASCT vs IFM 2013-
04 VTD arms. The VRD and VTD PS-stratified
cohorts had no clinically meaningful differences in
baseline characteristics. The integrated analysis met
its primary endpoint (non-inferiority) and
demonstrated a statistically significant and clinically
relevant > VGPR rate improvement after 6 induction
cycles with VRD vs VTD (66.3% vs 51.2%; P =
.00281) in GEM studies. IFM non-inferiority results
had similar > VGPR rates with VRD vs VTD by 4
cycles (12 wks; 57.1% vs 56.5%). Responses
deepened during induction in GEM studies. In the
378 VRD vs 111 VTD pts who started cycle 6, >
VGPR rate increased from 54.5% vs 35.1% by 3
cycles of induction to 62.7% vs 40.5% by 4 cycles
and to 70.1% vs 55.9% by 6 cycles and 80.2% vs
59.5% post-induction, respectively. The > VGPR
rate post-ASCT (74.4% vs 53.5%) and MRD
negativity (10—4) rates post-induction (46.7% vs
34.9%) and post-ASCT (62.4% vs 47.3%) support
the benefit of VRD vs VTD. Safety was as
previously reported for these studies. In GEM
studies, SC vs IV administration of BORT may have
contributed to lower rates of peripheral neuropathy
(PN; grouped term) with VRD vs VTD (grade 3/4,
5.5% vs 15.4%; grade > 2, 20.7% vs 44.6%). TEAEs
led to dose reduction (21.6% vs 35.4%) and study or
Tx discontinuation (3.1% vs 9.2%) less frequently in
the VRD vs VTD cohorts. In IFM studies, TEAEs
led to dose reduction more frequently (32.9% vs
18.3%) and Tx discontinuation less frequently (6.5%
vs 11.2%) with VRD vs VTD. Grade 3/4 PN
(grouped term) was 5.9% vs 15.4%, whereas grade >
2 events were similar (30.3% vs 27.2%), which may
reflect BORT administration in these IFM studies
(IV for VRD vs SC for VTD,
respectively).CONCLUSION Six cycles of VRD
induction led to a significantly higher > VGPR rate
than VTD in TE NDMM. Deepened responses and
MRD negativity further support the benefit of VRD
over VTD. TEAEs with VRD compared well with
VTD, with lower rates leading to discontinuation.
This analysis supports the favorable benefit-risk
profile of VRD over that of VTD as induction Tx in
TE pts with NDMM.
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Abstract:

Background Multiple myeloma (MM) has
significant spatial and temporal clonal heterogeneity
suggesting therapeutic agents with different

mechanisms of action, delivered in combination or
sequentially, are required to maximize the depth of
response and improve outcomes. The UK NCRI
Myeloma X1 phase |11 randomized trial compared
induction with the second generation proteasome
inhibitor carfilzomib and lenalidomide containing
quadruplet, KCRD, vs a response-adapted approach
of sequential triplet therapies in newly diagnosed
transplant eligible patients. Methods 1056 patients
were randomized between KCRD (28 day cycles of
carfilzomib (K) 36mg/m2 IV d1-2,8-9,15-16,
cyclophosphamide (C) 500mg PO d1,8,
lenalidomide (R) 25mg PO d1-21, dexamethasone
(D) 40mg PO d1-4,8-9,15-16) and
immunomodulatory drug (IMiD) triplet CTD/CRD
prior to ASCT. Patients with a suboptimal response
to CTD/CRD underwent response-adapted
intensification randomization to a proteasome
inhibitor (bortezomib, CVD) containing triplet or no
CVD. A maintenance randomization at 3 months
post ASCT compared lenalidomide to observation.
Molecular high-risk (HiR) was classified by t(4;14),
t(14;16), t(14;20), del(17p) or gain(1qg) with ultra-
high risk (UHIR) the presence of >1 lesions. Results
KCRD was associated with a significantly longer
PFS than IMID triplet therapy (HR 0.63, 95%ClI
0.51, 0.76, 3yr PFS KCRD 64.5% vs CTD/CRD
50.3%, p<0.0001). PFS2 was also significantly
improved with KCRD (HR 0.75, 95% CI 0.56, 0.99,
3yr PFS2 KCRD 81.8% vs CTD/CRD 75.1%).
Deeper response rates were seen in patients treated
with KCRD vs CTD/CRD pre and post-transplant
(p<0.0001). All regimens were well tolerated with
no significant additional toxicity due to the
quadruplet regimen. A higher proportion of patients
receiving KCRD induction were able to undergo
ASCT than those who received response-adapted
induction and in an analysis restricted to those who
had completed ASCT, KCRD induction was still
associated with a significantly longer PFS. There
was no significant heterogeneity in PFS outcome
between molecular risk groups with a benefit for
KCRD over triplets in all. In patients receiving
KCRD there was no difference in response rate at
the end of initial induction by risk group but UHIR
disease was associated with significantly shorter
PFES than both SR and HiR, whilst there was no
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difference in outcome between patients with HIR
(one adverse lesion only) and SR. An exploratory
analysis compared the patients receiving KCRD to
patients in the CTD/CRD arm who had received the
optimum response-adapted approach (i.e. excluding
those with a suboptimal response randomized to no
CVD). KCRD was associated with significantly
longer PFS than using a response adapted sequential
triplet approach (HR 0.64, 95% CI 0.52, 0.78,
p<0.0001). Conclusion KCRD was well tolerated
with deep responses pre- and post-transplant and a
significant PFS benefit compared to triplet therapy
across all risk groups.

Keywords:
carfilzomib

carfilzomib-lenalidomide-dexamethasone
Lenalidomide
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Daratumumab Plus Bortezomib,
Thalidomide, and Dexamethasone (D-VTd)
in Transplant-eligible Newly Diagnosed
Multiple Myeloma (NDMM): Subgroup
Analysis of High-risk Patients (Pts) in
CASSIOPEIA
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Abstract:

Introduction: High-risk cytogenetic abnormalities
and International Staging System (ISS) disease stage
111 confer poor outcomes in MM pts. In the phase 3
CASSIOPEIA study, at median follow-up of 18.8
mo, D-VTd significantly reduced the risk of
progression/death by 53%, and improved rates of
stringent complete response (sCR), CR or better
(>CR), and minimal residual disease (MRD)
negativity vs VTd in transplant-eligible NDMM pts.
We present a subgroup analysis of high-risk pts in
CASSIOPEIA based on cytogenetic risk and 1SS
stage. Methods: Transplant-eligible NDMM pts
were stratified by site affiliation (IFM or HOVON),
ISS stage (I, I1, or II), and cytogenetic risk status.
High-risk cytogenetic pts had dell7p (>50%
abnormal cells) and/or t(4;14) (>30% abnormal
cells) by centrally assessed FISH. Pts were
randomized 1:1 to 4 pre-transplant induction and 2
post-transplant consolidation cycles with D-VTd or
VTd. Primary endpoint was sCR post-consolidation
(Day 100 post-ASCT), per IMWG. Additional
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endpoints were MRD-negativity (multiparametric
flow cytometry; 10"-5) and >CR rates, and PFS.
Results: Of 1,085 pts randomized to D-VTd (n=543)
or VTd (n=542), 15.5% had a high-risk cytogenetic
abnormality. 1SS staging was 39.8%, 45.0%, and
15.2% for stage I, I, and 111, with more pts classified
as stage Il in D-VTd vs VTd (47.0% vs 43.0%) and
similar pts classified as stage 11l in D-VTd vs VTd
(15.5% vs 14.9%). Post-consolidation sCR rates
were significantly higher with D-VTd vs VTd
(28.9% vs 20.3%; odds ratio [OR], 1.60; 95% ClI,
1.21-2.12; P=0.0010). Prespecified subgroup
analyses of sCR showed consistent treatment effect
of D-VTd over VTd across subgroups except in
high-risk cytogenetic (OR, 0.83; 95% ClI, 0.42-1.66)
and ISS stage 111 (OR, 1.07; 95% ClI, 0.54-2.12) pts.
However, >CR rates favored D-VTd vs VTd (high-
risk cytogenetic, 36.6% vs 32.6%; OR, 1.11; 95%
Cl, 0.58-2.10 and ISS stage Il1, 44.0% vs 33.3%;
OR, 1.54; 95% Cl, 0.83-2.88). MRD-negative rate
was higher for D-VTd vs VTd (63.7% vs 43.5%);
OR, 2.27; 95% Cl, 1.78-2.90; P <0.0001), including
in high-risk cytogenetic (59.8% vs 44.2%; OR, 1.88;
95% Cl, 1.02-3.46) and ISS stage 111 (64.3% vs
45.7%; OR, 2.14; 95% CI, 1.15-4.00) subgroups. At
median follow-up of 18.8 mo, D-VTd reduced the
risk of progression/death vs VTd (HR, 0.47; 95% ClI,
0.33-0.67; P<0.0001), including in high-risk
cytogenetic (HR, 0.67; 95% ClI, 0.35-1.30) and ISS
stage Il (HR, 0.66; 95% CI, 0.32-1.39) subgroups.
Conclusions: Prespecified subgroup analyses of sCR
demonstrated that the treatment benefit of D-VTd
over VTd was consistent across subgroups except
pts with high-risk cytogenetic abnormalities and 1SS
stage Il disease; however, strict IMWG criteria
were used for sCR. Importantly, D-VTd resulted in a
benefit in terms of >CR and MRD-negative rates, as
well as PFS, in these high-risk pt subgroups. The
clinical benefit of these deeper responses will be
evaluated with additional follow-up and in Part 2 of
the study.
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Multiple myeloma

transplant
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Abstract:

Introduction: Bortezomib, thalidomide, and
dexamethasone (VTd) is a standard-of-care regimen
in Europe for patients (pts) with newly diagnosed
multiple myeloma (NDMM) who are transplant
eligible. The combination of daratumumab (DARA),
a CD38-targeted mAb, with VVTd significantly
reduced the risk of progression or death and
improved stringent complete response (SCR), CR or
better (>CR), and minimal residual disease (MRD)-
negative rates vs VTd alone in transplant-eligible
NDMM pts in Part 1 of the phase 3 CASSIOPEIA
study. Part 2 is ongoing. MRD status is emerging as
a valuable prognostic tool to evaluate efficacy in
MM. The development of multiparameter flow
cytometry (MFC) and next-generation sequencing
(NGS) techniques has enabled more sensitive and
high-throughput detection of MRD. Here, we
evaluated the concordance in post-consolidation
MRD results between the MFC and NGS
methodologies from Part 1 of CASSIOPEIA.
Methods: Transplant-eligible NDMM pts were
randomized 1:1 to 4 pre-ASCT induction and 2 post-
ASCT consolidation cycles with D-VTd or VTd.
MRD analyses were performed on bone marrow
aspirates post-induction and post-consolidation (at
Day 100 post-ASCT) in all pts, regardless of
response. For the ITT population, any missing or
indeterminate results were assumed to be MRD
positive. MRD was assessed primarily by EuroFlow-
based MFC (with multi-epitope CD38 mAb to
mitigate DARA interference) and, based on sample
availability, secondarily with NGS (Adaptive
clonoSEQ® Assay). Here, we evaluated the
concordance in the subset of pts tested by both
assays at a standard threshold of 107-5. Results: A
cohort of 1,085 pts was randomized to D-VTd (n =
543) or VTd (n = 542). There were 346 pts (63.7%)
in the D-VTd group versus 236 (43.5%; P <0.0001)
in the VTd group who achieved post-consolidation
MRD negativity by MFC (ITT population) and 210
pts (56.6%) vs 134 (36.8%; P <0.0001) who
achieved post-consolidation MRD negativity by
NGS (MRD-evaluable population). A total of 733
pts were evaluable by both MFC and NGS post-
consolidation. Evaluation of concordance between
MFC and NGS MRD results, regardless of response,
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showed good overall agreement (83.5%).
Considering response of >CR, analysis of
concordance between MFC+>CR vs NGS+>CR
status showed minimal difference in evaluating
MRD by either method (94.4% agreement).
Additionally, the overall agreement between MFC
and NGS by treatment group was similar between
the 2 cohorts (82.7% for D-VTd vs 84.3% for VTd).
Conclusions: The high overall concordance of MRD
results (107-5) by MFC and NGS, regardless of
response and combined with pts achieving CR or
better, indicates that both techniques performed
similarly in evaluating MRD. Moreover, the
agreement between MRD assessments was similar
between the D-VTd and VTd cohorts, suggesting
that the presence of DARA did not interfere with
MRD evaluation by the MFC protocol used.

Keywords:
daratumumab

Multiple myeloma
transplant
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Abstract:

Background: An increasing range of treatment
options are available for newly diagnosed (ND) and
relapsed/refractory multiple myeloma (RRMM);
however, there remains no global standard-of-care.
Despite clinical trials showing benefits of
continuous vs fixed duration therapy, shorter
treatment durations are seen in the real-world. MM
patients (pts) are a heterogeneous population; several
factors must be considered when choosing a pt's
treatment course, including real-world tolerability
and treatment sequencing. Methods: INSIGHT MM
(NCTO02761187) is the largest global, prospective,

non-interventional, observational MM study to date.
Adults with NDMM or RRMM (1-3 prior therapies)
are being enrolled from 15 countries in Europe, US,
Latin America, and Asia, and followed prospectively
for >5 yrs. Data are being collected at baseline and
every 3 mos. Here, we evaluate duration of therapy
(DoT), reasons for discontinuation, and subsequent
treatments with regimens of interest prescribed at
1st, 2nd, or 3rd line. Results: At data cut-off (Nov
22, 2018; median follow-up 10.4 mos), 1761
NDMM and 1440 RRMM pts were enrolled,
including 1027/683 who had received 2nd/3rd line
therapy, (pts could receive >1 line). Regimens
evaluated included daratumumab-based therapy
(n=32/121/105, lines 1/2/3), IRd (n=2/29/43), Kd
(n=5/33/33), KRd (n=47/61/17), Rd (n=90/130/71),
VCd (n=323/57/19), Vd (n=102/48/29), VMP
(n=53/8/3), VRd (n=321/36/8), VTd (n=200/25/4);
median DoTs were 4.0-9.4 (1st line), 3.0-11.2 (2nd
line), and 1.6-16.5 mos (3rd line) with these
regimens. For these regimens as 1st-line therapy,
among 185 pts who had stopped treatment, 65 (35%)
had completed planned DoT, 49 (26%) had
discontinued due to adverse events (AEs) and 26
(14%) had discontinued due to relapse. For 2nd-line
treatment (N=75 stopped), the most common reason
for discontinuation was relapse (n=23; 31%), then
AEs (n=21; 28%), and 13 pts (17%) had completed
planned DoT. For 3rd-line treatment (N=52
stopped), discontinuation due to relapse was the
most common reason (n=19; 37%), then AEs (n=13;
25%) and 7 pts (13%) had completed planned DoT.
Among pts who received a Pl-based regimen as 1st,
2nd, or 3rd-line therapy, 29% of pts at each line had
another Pl-based regimen as their next therapy,
while 4%, 14%, and 21% had a daratumumab-based
regimen, respectively. Conclusion: In this interim
analysis the most common reason for stopping 1st-
line therapy was reaching the end of planned
therapy; reasons for discontinuation change as
patients move through lines of therapy. Analyses by
specific regimens and transplant status will be
presented to determine impact on DoT and reasons
for discontinuation. Through INSIGHT MM, we are
characterizing the longitudinal treatment path for
pts, and gaining a better understanding of how long-
term regimens are used in routine clinical practice,
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treatment sequencing, and reasons for
discontinuation, highlighting the importance of real-
world data.
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Introduction: Multiple myeloma (MM) is an
incurable plasma cell malignancy that arises from
two precursor states: Monoclonal Gammopathy of
Undetermined Significance (MGUS) and
Smoldering Multiple Myeloma (SMM). Some of
those patients rapidly progress to MM, while others
remain asymptomatic over their lifetime. However,
the genetic and molecular profiles that underlie this
heterogeneity in disease progression are not yet
elucidated. Methods: In the largest to date study on
SMM genetics, our cohort included 212 samples
from 203 SMM patients. We performed whole
exome sequencing (WES) on 78 Tumor-Normal
pairs, WES and RNA-sequencing on 82 Tumor-only
samples, deep targeted sequencing on 52 samples,
and whole genome sequencing (WGS) on 13
samples. Genomic data was correlated with clinical
variables and current risk models. Results: Somatic
copy number alterations (SCNAs) were found in
80% of patients, while chromosomal translocations
and single nucleotide variations (SNVs) were
present in 42% and 36% of patients, respectively.
SNVs in MAPK pathway genes (KRAS, NRAS,
BRAF) were the most frequently observed (54%).
SMM patients harboring MY C oncogene aberrations
(translocations or copy number gains) had the
shortest median time to progression (TTP) (8.4 vs.
52 months, p < 0.001), followed by those with
MAPK pathway mutations (15 vs. 60 months, p <
0.001). Moreover, DNA repair pathway alterations
(deletion 17p, TP53 and ATM SNVSs) were
associated with significantly shorter TTP (19 vs. 47
months, p = 0.008). Patients who had one or more of
these three alterations had significantly shorter TTP,
compared to those who did not (1.2 vs. 6 years, p <
0.001). Importantly, these alterations remained
independent risk factors for progression, even in the
presence of biomarkers currently used in clinical risk
models. This finding suggests SMM genomics can
improve the efficiency of risk stratification. Indeed,
in our cohort, patients with any of these alterations,
regardless their clinical risk group, progressed faster
than patients who are considered high-risk by Mayo
2018 criteria (1.3 vs. 3.4 years, p = 0.006).
Moreover, intermediate and high-risk patients with
any of these alterations had significantly shorter TTP
compared to those without. We are currently
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developing a clinical/genomic model that is being
validated in larger cohorts, while matched RNA-Seq
data will be used to define an expression signature
corresponding to our high-risk genotype.
Phylogenetic analysis of serial patient samples has
revealed different patterns of clonal evolution, with
certain patients showing growing subclones at
progression, and others showing acquisition of new
clones. Conclusion: Genomic profiling of SMM
patients can identify high-risk group of patients that
can go undetected by purely clinical risk models
leading to improved efficiency of SMM risk
stratification.
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Abstract:

INTRODUCTION: Cancer pathogenesis is usually
characterized by a long evolutionary process where
genomic driver events accumulate over time,
conferring advantage to distinct subclones, allowing
their expansion and progression. METHODS: Here,
to investigate the evolution and progression of
multiple myeloma (MM) over time, we interrogated
the landscape and timing of mutational processes on
a large cohort of 89 whole genomes and 973
exomes. To improve the accuracy of mutational
signatures analysis, we developed a novel fitting
algorithm (name mm-sig) which fits the entire
mutational catalogue of each patient with the
mutational signatures involved in MM pathogenesis.
To reconstruct the cancer-history of each patient we
integrated two different approaches. In the first we
divided all mutations in either clonal (i.e early) or
subclonal (i.e late). Next, to investigate different
time windows among clonal mutations, we took
advantage of primary and secondary chromosomal
gains where clonal mutations could be subdivided
into: 1) duplicated mutations (i.e present on two
alleles and therefore acquired before the
duplication); or 2) non-duplicated mutations (i.e.
detected on a single allele), reflecting either pre-gain
mutations on the minor allele, or post-gain mutations
acquired on one of the duplicated alleles. RESULTS
Eight main mutational signatures were identified,
seven of which showed significant similarity with
one included in the most recent mutational signature
catalogue (i.e SBS1, SBS2, SBS5, SBS8, SBS9,
SBS13 and SBS18). Reconstructing the
chronological activity of each mutational signature,
we identified four different routes to acquire the full
mutational spectrum in MM based on the differential
temporal activity of AID (SBS9) and APOBEC
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(SBS2 and SBS13). Our data indicate that AID
activity is not limited to the first contact with the
GC, but persists in at least a subset of patients,
behaving similarly to a memory B-cells, capable of
re-entering the germinal center upon antigen
stimulation to undergo clonal expansion several
times before MM diagnosis. Next, we confirmed the
SBS5 constant mutation rate over time in MM
(clock-like). Based on the SBS5 mutation rates and
inferred molecular time, we could estimate when the
first copy number gain was acquired during the life
history of each MM patient. Intriguingly, the first
MM chromosomal duplication was acquired on
average 38 years (ranges 11-64) before the first
sample collection. In 23 out of 27 (85%) cases with
large trisomies, the first multi gain event occurred
before 30 years of age, and in 13/27 (48%) before 20
years reflecting a long and slow process potentially
influenced and accelerated by extrinsic and intrinsic
features. DISCUSSION Our findings provide a
framework to study the etiology of MM and explore
strategies for prevention and early detection.
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Abstract:

Even though the incorporation of new treatment
modalities has improved the overall survival (OS) of
multiple myeloma patients, there remains a subset of
high-risk patients that exhibit poor outcomes.
Analysis of patients from the MMRF CoMMpass
Study (NCT01454297), a fully accrued,
longitudinal, observational clinical trial with 1143
newly diagnosed myeloma patients, has aided in the
identification and characterization of high-risk
patients. Tumor samples were analyzed using whole
genome, exome, and RNA sequencing at diagnosis
and each progression event, and clinical parameters
were collected at baseline and every three months
through the eight-year observation period.
Consensus clustering of RNAseq data from 714
patients at diagnosis identified 12 expression
subtypes of myeloma which generally correspond to
known genetic subgroups. However, the
proliferation (PR) subtype comprised 51 patients
whose tumors had an array of genetic backgrounds
but converged upon a similar gene expression
profile. PR patients had extremely poor OS (median
=21 months, HR = 3.7, 95% CI = 2.5 - 5.6,
p<0.001) outcomes compared to patients in other
RNA subtypes and were enriched for gain of 1q
(p<0.001), loss of 13q (p<0.001), and bi-allelic loss
of MAX (p<0.01) or RB1 (p<0.001). Although the
PR subtype was enriched for patients classified as
ISS3 (p<0.001), 25 were classified as 1SS1 or 2,
highlighting that ISS underestimates disease severity
in nearly half of high-risk patients. To permit
classification of progression tumor samples, a
prediction model was developed leveraging gene
markers predictive of each RNA subtype. Analysis
of 55 patients with RNAseq data at multiple time
points identified 13 patients who transitioned to PR
at progression. These patients had extremely poor
outcomes, with a median OS of 88 days after the
progression event. Three patients that transitioned to
the PR subtype acquired complete loss-of-function
(LOF) of a cyclin-dependent kinase inhibitor, with
two and one patient acquiring LOF of CDKN2C and
CDKN1B, respectively. Overall, molecular events
associated with loss of G1/S cell cycle control were
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commonly identified in PR patients at both diagnosis
and progression. In silico mixing experiments
revealed that the RNA subtype prediction model
could detect a PR signature (>0.05) if 5-20% of
sequencing reads originated from cells of the PR
subtype, signifying that the model could detect a
subclonal population of PR cells within a bulk tumor
sample. At diagnosis, there were 26 non-PR patients
with a detectable PR signature (>0.05, med = 50 mo)
who exhibited OS outcomes intermediate to PR
patients, and patients with a negligible PR signature
(<0.05, med = 74 mo), suggesting that knowing both
the tumor RNA subtype and PR probability may
help assess patient risk throughout their disease. A
model such as the one presented here may be a
useful tool to stratify patients to test optimal
treatment strategies for patients with high-risk
disease.
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Abstract:

Background: Our understanding of the mutational
landscape in multiple myeloma (MM) is based on
studies of diagnostic bone marrow (BM). Limited
data is available in the relapsed setting and the
impact of spatial heterogeneity (SH) on the utility of
BM analysis during disease evolution is unclear. We
evaluated a liquid biopsy targeted amplicon
sequencing (TAS) strategy to characterise uniformly
treated ‘functional’ high-risk (HR) patients and
compared it to a BM-based approach. Methods: 50
patients failing bortezomib-based induction who
then received carfilzomib-based salvage were
studied. DNA was isolated from PBMC and BM
CD138 enriched plasma cells (PC) at baseline.
cfDNA was sequentially isolated from plasma (PL)
using the QlAamp circulating nucleic acid Kit. TAS
was performed with a 23-gene customised panel on
an Illumina NextSeq sequencer using the 500 High
Output v2 Kit. Mutational fractional abundance (FA)
was defined as the relative frequency of a mutant
allele at a particular locus and expressed as a
percentage. Variants appearing in the germ line
controls were excluded. Mutation specific droplet
digital PCR (ddPCR) was undertaken on cfDNA
using commercially available mutation detection
assays (Biorad). Minimal residual disease (MRD)
analysis was with the 8-colour EuroFlow platform.
Results: Median duration from commencing
induction to salvage therapy was 4 months. 49
patients had evaluable cfDNA (median 3 PL
mutations [PLM], range, 0-10). Matched BM was
available from 33 patients (median 4 mutations,
range, 0-15). In the 44 patients positive for PLM the
most prevalent (% of patients) were CDC27 (23%),
DIS3 (16%), KRAS (16%), PIK3CA (9%) and
MAX (9%) with FA from 0.3-50.1% (median
1.25%), with 4 PLM clones with FA>40% (DIS3
50.1%, PIK3CA 46.5%, KRAS 45.2%, CYLD
40.3%). Importantly, TAS of BM failed to
demonstrate 73% of these dominant PLM (including
3 of the 4 clones with FA>40%), consistent with
extensive SH in these HR patients. Five patients
with RAS PLM who achieved BM MRD negativity
(<1 x 10-5) while on treatment were tracked with

17th International Myeloma Workshop, September 12-15, 2019 | 11



Abstracts

ddPCR - 3 cleared their PLM but 2 had persisting
detectable PLM discordant with their MRD negative
status. One demonstrated extra-medullary relapse 2
months following completion of salvage therapy,
coincident with a rising NRAS Q61R FA (0.1% to
0.9%). The other remains clinically in remission but
now with a rising NRAS Q61R FA (0.3% to 0.6%).
Conclusions: These data reveal a unique mutational
pattern in HR MM consistent with the emergence of
resistant clones under treatment selection pressure,
including loss-of-function mutations of the tumour
suppressor CDC27 and targetable activating
mutations of PIK3CA. CDC27 plays a significant
role in cell cycle control via the ubiquitination of
CCNDL1 and its potential role in HR MM warrants
further evaluation. Importantly, our data confirm
extensive SH in this patient population questioning
the utility of isolated BM sampling for disease
characterization in
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Abstract:

Multiple myeloma (MM) is a plasma cell
malignancy characterized by clinical and genomic
heterogeneity. Recurrent IgH translocations, copy
number abnormalities and somatic mutations have
been reported to participate in myelomagenesis but
no universal driver of the disease has been
identified. Here, we evaluate the transcriptional
deregulation as a critical event in MM pathogenesis.
In order to capture signatures of transcription factor
(TF) engagement with the myeloma epigenome, we
performed the assay for transposase-accessible
chromatin sequencing (ATAC sequencing) in 77
primary myeloma samples and 5 normal plasma
cells (NPC) from healthy donors along with whole
genome sequencing and H3K27Ac ChlP-seq,
SNParray and deep RNA sequencing in a cohort of
these samples. We identified the variable accessible
loci between MM and NPC and performed nuclease-
accessibility footprint analysis to identify TF
binding events. Thus, we characterized the
myeloma-specific open chromatin landscape, and
identified TF dependencies and potential new
myeloma drivers. While we observed a vast amount
of heterogeneous chromatin states across the sample
cohort, we identified distinct variable chromatin
accessibility signatures indicative of the MM
chromatin state compared to NPC and within MM
samples related to specific subgroups including
hyperdiploid and non-hyperdiploid MM.
Accessibility footprinting revealed MM-specific
enrichment for TFs known to be essential for MM
cell survival including Interferon Regulatory Factors
(IRFs), Ikaros, and Sp1. Interestingly, we identify
the myocyte enhancer factor 2 (MEF2) family of
TFs as being specifically enriched in open chromatin
regions in MM cells. Using a CRISPR-Cas9
knockout system, we identified the MEF2 family
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member MEF2C, as essential for MM cell
proliferation and survival and we performed
chromatin immunoprecipitation with massively
parallel sequencing (ChIP seq) in MM1S cell line to
confirm MEF2C occupancy. MEF2C is significantly
overexpressed at the RNA level in our study as well
as in several independent cohorts and is a central
enhancer-localized TF in MM core regulatory
circuitry as determined by H3K27ac ChlP-
sequencing profiles of primary MM samples.
Finally, we used small molecule inhibitors targeting
MEF2C activity via inhibition of MEF2C
phosphorylation using inhibitors of salt-induced
kinases (SIK) and microtubule affinity regulating
kinases (MARK). SIK and MARK inhibition
resulted in both dose- and time-dependent inhibition
of MM cell growth and survival in a panel of MM
cell lines with various genotypic and phenotypic
characteristics, revealing a potential approach to
targeting the dysregulated cis-regulatory landscape
of myeloma. To conclude, we identify an altered
chromatin accessibility landscape in multiple
myeloma that likely contributes to oncogenic
transcriptional state through the activity of
transcription factors such as MEF2C, representing a
new MM dependency and therapeutic target.
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Abstract:

Background: Phase 3 trials show the RVD
(lenalidomide, bortezomib, and dexamethasone)
triplet to be superior to RD
(lenalidomide/dexamethasone) for initial therapy of
myeloma. However, among older transplant-
ineligible patients [pts], RVD has not been directly
compared with doublets (RD or
VDI[bortezomib/dexamethasone]), nor has RD been
compared with VD, leaving an important gap in
evidence. We used population-based data to
compare these regimens among older patients
(Medicare beneficiaries) with receiving first-line
therapy for myeloma. Methods: We identified
Medicare beneficiaries with myeloma receiving first
line RD, VD, or RVD in 2007-2015, using Medicare
claims linked to cancer registry data (SEER-
Medicare). Using propensity score analysis, we
generated pseudo-randomized cohorts balancing
multiple baseline factors, including socio-economic
and performance status, time from diagnosis,
presence of baseline hypercalcemia, renal disease,
anemia, neuropathy, DVT, and other comorbidities.
After confirming the balance, we analyzed two
survival endpoints: overall survival (OS) and time to
treatment failure (TTF, defined as start of a 2nd line
agent, hospice, or death; censored in case of an
autologous transplant), reporting hazard ratios (HR)
with 95% confidence intervals (CI). We also
compared select identifiable toxicities within 6
months of starting therapy, reporting relative risk
(RR). Results: Between 2007 and 2015, the
proportion of beneficiaries (median age, 76 years
[y]) receiving RD increased from 18% to 25% (total
n =1,541), VD from 17% to 26% (n = 1,672), and
RVD from 1% to 26% (n = 891), yielding 4,104
patients available for comparative analyses. In the
analysis of RVD vs doublets, RVD has shown better
TTF (median 1.7 vs 0.8y; HR 0.68, 95%Cl, 0.61-
0.76) and OS (median 3.4 vs 2.7y; HR, 0.83; 95%Cl,
0.72-0.95), at the expense of higher rates of
hospitalization (RR, 1.17; 95%CI 1.03-1.32), anemia
(RR, 1.16; 95%CI 1.09-1.23), and neuropathy (RR,
1.49; 95%Cl, 1.14-1.96), but no increased risk of
thromboembolism (RR, 1.06; 95%CIl, 0.79-1.44). A
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higher proportion of pts treated with RVD
underwent consolidative transplant (26% vs 6%). In
the analysis of RD vs VD, RD has demonstrated
better TTF (median 1.0 vs 0.6y; HR, 0.74; 95%ClI,
0.68-0.81) and OS (median 2.7 vs 2.3y; HR 0.91,
95%Cl, 0.83-0.99). RD resulted in more frequent
thromboembolism (RR, 1.44; 95%Cl, 1.13-1.83),
but less neuropathy (RR, 0.39; 95%Cl, 0.29-0.53),
without significant difference in the rates of
hospitalization (RR, 0.96; 95%Cl, 0.87-1.06) or
anemia (RR, 0.95; 95%CI, 0.89-1.00). Conclusions:
RVD offers TTF and OS benefit for older patients
with myeloma who can tolerate higher potential
short-term toxicity, confirming the results of the
SWOG S0777 in a population-based setting. For
patients receiving doublets, RD showed an
unexpected advantage over VD, suggesting that RD
may be the preferred doublet, despite the prevalent
use of VD in this population.
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Abstract:

Introduction/Background: For patients with newly
diagnosed multiple myeloma (NDMM) who are not
candidates for autologous stem cell transplantation
(ASCT), lenalidomide and low-dose dexamethasone
(Rd) is an established, alkylator-free, treatment
option. The FIRST trial demonstrated the efficacy
and safety of Rd, showing a significant improvement
in overall survival (OS) with Rd over the
combination of melphalan, prednisone, and
thalidomide. Rd is a recommended treatment option
in the European Society for Medical Oncology
(ESMO) guidelines (Moreau et al. Ann Oncol.
2017;28:iv52-61). Recent trials comparing Rd with
Rd + bortezomib or Rd + daratumumab have
contributed to the growing body of evidence
regarding the efficacy of Rd in patients with
NDMM. Using phase 3 registration trials, this meta-
analysis aimed to obtain a consolidated median
estimate for OS and progression-free survival (PFS)
in NDMM patients receiving Rd who were not
intended for ASCT. Methods: Baseline patient
characteristics, trial characteristics, and outcomes
were extracted from pivotal phase 3 registration
trials looking at Rd in patients with NDMM.
Kaplan—Meier curves for OS and PFS were
digitized; patient-level data were estimated
numerically. Estimated patient-level data were then
pooled and analyzed using a Bayesian meta-analysis.
To estimate the survival function, Weibull,
Gompertz, and second-order fractional polynomial
models were fit to the data. Results: There was some
variance among the 3 trials included in this meta-
analysis of randomized controlled trials, regarding
inclusion criteria and baseline characteristics. In
particular, patients enrolled in FIRST and MAIA
were ineligible for ASCT, whereas those enrolled in
SWOG S0777 were not intended for immediate
ASCT. Median follow-up for MAIA was shorter
than FIRST or SWOG S0777 (28 months vs 67 and
84 months, respectively). This variance prevented
the stable estimation of heterogeneity, requiring use
of a fixed-effects model. Using the best-fitting
models, the median OS with Rd was estimated at
67.2 months (95% confidence interval [CI] 61.3—
74.2 months) and the median PFS was estimated at
28.9 months (95% CI 26.8-31.3 months). Estimated
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results aligned with the outcomes from the
individual trials (median OS values for FIRST,
SWOG S0777, and MAIA were 59.1, 64, and not
reported, respectively; median PFS was 26.0, 30,
and 31.9 months, respectively) and subgroups tested
(where data were available). Across the 3 trials
included, the adverse events reported were
consistent with the known safety profile for Rd.
Conclusion: This meta-analysis demonstrated a
consistent treatment benefit for Rd in patients with
NDMM not intended for ASCT, with estimated
median OS and PFS exceeding 5 years and 2 years
respectively. These results support Rd as a first-line
standard of care in this setting as recommended by
ESMO, and also its role in the development of novel
combination regimens.
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Abstract:

Background The prognosis of multiple myeloma
(MM) is highly dependent on cytogenetic
abnormalities and gene expression. Currently,
evidence to either start or withhold therapy is
insufficient. Especially, in the eldest patient such a
predictive tool is eagerly awaited as side effects of
treatment are more pronounced and might be
irreversible. In the HOVON-87/NMSG-18 trial
elderly patients were treated with either thalidomide
or lenalidomide, followed by maintenance therapy
until progression, i.e. MPR-R vs MPT-T. In this
cohort, we assessed the prognostic and predictive
performance of the previously described SKY92-1SS
and the revised ISS (R-ISS). Methods Purified
plasma cells to perform the MMprofiler™ CE IVD
assay were available for n=190 patients. This gene
expression profiling (GEP) assay delivers the
SKY92 risk score, as well as GEP derived IGH
translocation status. 1SS (n=186), treatment arm and
R-ISS (n=176) were included in Cox survival
analyses for progression free survival (PFS) and
overall survival (OS) and assessed by the likelihood
ratio test. Results The 186 newly diagnosed patients
analyzed had a median age of 72 years (inter-quartile
range: 69 — 76). At the time of analysis the median
follow up was 6 years; 25% of patients had ISS I,
49% ISS Il and 26% ISS 111. Classification into the
four-tier SKY92-1SS was applied dividing the
patients into high- to low-risk categories: SKY92
high-risk (HR)-ISSI/1I/111 (13% of patients),
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SKY92-standard risk (SR)/ISS 111 (45%), SKY92-
SR/ISS 11 (21%) and SKY92-SR/ISS | (21%). The
median PFS of these groups from high- to low-risk
was 11, 21, 22 and 25 months (p=6.8x10-3) and
median OS 18, 49, 56 and 88 months (p=1.7x10-4).
R-ISS classification resulted in 7% R-ISS |11, 74%
R-1SS Il and 18% R-ISS | patients with a median
PFS of 12, 20 and 30 months (p=0.09); median OS
of 25, 53 and 88 months (p=4x10-4). In a
multivariate analysis (n=176), SKY92-ISS and R-
ISS both remain independently related to PFS
(p=1.6x10-3 and 4.7x10-2) and to OS (p=2.4x10-4
and 1.1x10-2). As the ISS term in SKY92-ISS was
redundant when combined with R-ISS, the SKY92
and R-ISS were combined as follows from high- to
low-risk: 11% SKY92 HR/R-ISS 1I/111, 73% SKY92
HR/R-ISS | or SKY92 SR with R-ISS 11/111, 16%
SKY92 SR and R-ISS I. Combining SKY92 with R-
ISS suggests that high-risk patients (SKY92 HR and
R-1SS 11/111) may benefit from MPR-R as compared
with MPT-T with median OS of 55 versus 13
months respectively. This is supported by a
significant interaction term for OS between risk-
group and treatment (p=0.01). Conclusion The
SKY92-ISS and R-ISS are robust markers to identify
HR patients, also in non-transplant eligible MM
patients. Both markers have independent prognostic
value in relation to OS and PFS. In addition, the
SKY92-R-ISS combination demonstrates predictive
value for treatment in this trial. This finding requires
validation in independent datasets. Funding:
MMpredict (Horizon 2020, 701143).
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Abstract:

Long-term proteasome inhibition (LTPI) improves
outcomes in NDMM vs non-proteasome inhibitor
(PD-based therapy. However, efficacy improvements
seen in clinical trials are often not achieved in real-
world (RW) settings, and duration of Pl-based
therapy is typically shorter in US non transplant
NDMM RW patients (pts) vs in phase 3 trials. This
may be due to poor treatment adherence, burden of
parenteral administration, comorbidities, financial
burden, distance from treatment center, physician/pt
preference, or toxicity. Maintaining quality of life
(QoL), minimizing toxicity, and increasing
adherence are critical for NDMM pts receiving
LTPIL. US MM-6 is a RW US community-based
phase 4 study investigating transitioning from a
parenteral Pl (bortezomib [btz]) to an oral PI
(ixazomib) in NDMM to increase Pl-based treatment
adherence and duration, maintain QoL, and improve
outcomes. We report preliminary demographics,
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baseline characteristics, actigraphy, and electronic pt
reported outcomes (ePRO) compliance data for pts
receiving all-oral ixazomib lenalidomide-
dexamethasone (IRd). US MM-6 (NCT03173092) is
enrolling ~160 non-transplant pts (transplant-
ineligible or transplant delayed >24 months) with
>stable disease after 3 cycles of btz-based induction.
Pts receive IRd (ixazomib 4mgond 1, 8, and 15,
lenalidomide 25mg on d 1-21, dexamethasone 40mg
[20mg for pts aged >75 yrs] ond 1, 8, 15, and 22, of
each 28 d cycle) until progression or toxicity for <26
cycles. QoL and monthly medication adherence are
assessed via ePROs. Pts use wearable digital devices
and smartphones to record daily medication
adherence and actigraphy (average steps and sleep
per day). Primary endpoint: progression-free
survival (PFS); secondary endpoints: response,
duration of therapy, ePRO compliance, overall
survival (OS), safety. We report preliminary data for
the first 25 pts enrolled. Overall, 80% of pts were
aged >65 yrs, 40% were male, 13% were of non-
white race, and 43% had International Staging
System stage 111 disease. Comorbidities included
renal and urinary disorders (48%), peripheral
neuropathy (28%), and cardiac disorders (24%). At
data cutoff, 3 pts had discontinued study treatment
due to pt/physician preference. Pts have received a
median of 5 (range 1-12) cycles of IRd to date (plus
3 cycles of pre-enrollment btz-based therapy).
Average ePRO compliance was 92%. At data cutoff,
24 pts recorded actigraphy data (2086 compliant
days [>12 h of data]); mean (standard deviation)
number of steps/day and sleep time were 3236
(3540) and 8.35 (3.21) h, respectively. Response,
PFS, and OS were not available at data cutoff.
Duration of Pl-based therapy is similar to previously
published reports of LTPI; US MM-6 pts are older
with a higher rate of advanced stage disease vs
previous LTPI studies, yet have high compliance
rates. US MM-6 will provide useful data on
pt/disease characteristics and outcomes, including
QoL and actigraphy, for IRd-treated US NDMM
RW pts receiving LTPI.
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Abstract:

Background : Patients with frail, accounting for one
third of the elderly multiple myeloma (MM) can not
be included in clinical trials because of the presence
of comorbidities, abnormal laboratory test results,
and physical disability. So far, there have been few
studies on patients with unfit or frail. Therefore, this
study was planned to compare the survival outcomes
of patients according to frailty who treated with
bortezomib combined chemotherapy as an initial
treatment. Methods : Data of four hundred and
eleven patients with MM were collected
retrospectively at six university hospitals in South
Korea between December 2012 and Oct 2017. All of
them have been treated with bortezomib, melphalan
and prednisone (VMP) as a first-line treatment.
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Clinical and laboratory data were collected
retrospectively by review of medical records. The
criteria for classifying all patients as fit, unfit, and
frail were based on the revised Myeloma
Comorbidity Index (R-MCI) and international
myeloma working group (IMWG) frailty score. The
R-MCl is consisted of impaired lung and kidney
function, the Karnofsky Performance Status, frailty,
age and unfavorable cytogenetics. The parameters
are used as weighted factors within the R-MCI.
Classification of risk groups were 0-3 points of low
risk, 4-6 points of intermediate risk and 7-9 points of
high risk. IMWG frailty score is consisted of age,
Chalson comorbidity index, ADL and IADL score.
Classification of risk groups were 0 point of fit, 1 of
unfit and 2 or more than 2 of frail. But our
retrospective data did not have ADL and IADL score
so we replaced ADL and IADL score with ECOG
performace status. At now, the standard frailty risk
model in MM are R-MCI and IMWG frailty. Results
: The median age was 69 years (range, 34-91 years).
The 156 (38.0%) patients were low risk, 204
(49.6%) were intermediate risk and 51 (12.4%) were
high risk by R-MCI criteria. However, the 97
(23.6%) were fit, 148 (36.0%) were unfit, and 166
(40.4%) were frail patients by IMWG frailty. The
survival outcomes according to R-MCI risk groups,
the 2-year PFS were 68.2%, 53.3% and 14.3% in
low, intermediate and high risk groups, respectively
(p<0.001). The 2-year OS were 90.0%, 86.2% and
52.7% in these groups, respectively (p<0.001).
According to IMWG frailty, the 2-year PFS were
62.5%, 63.1% and 42.2% in fit, unfit and frail
groups, respectively (p<0.001). The 2-year OS were
89.8%, 87.0% and 77.2% in these groups,
respectively (p=0.002). Conclusions : In our study,
frail patients showed a significant short survival in
PFS and OS compared to fit patients. So, treatment
of the unfit and frail patients needs more caution on
toxicity management and appropriate dosing
schedules to improve the survival outcome. Further
well designed prospective study will be needed to
improve the survival outcomes of frail patients who
modify dosing and schedule and develop more
appropriate frailty risk model.
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Abstract:

Current DNA sequencing studies in Multiple
Myeloma (MM) have predominatly evaluated the
alterations and their impact on protein coding genes.
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However coding part is only 2% of the entire
genome and almost 99% of all somatic alterations
reported in other malignancies occur in the non-
coding regions. Very little is known about frequency
and significance of these alterations and how they
affect the disease. By have now performed a deep
(average coverage > 80X) whole genome
sequencing (WGS) on 376 MM samples (240 newly
diagnosed, 52 first relapse and 84 rrMM) as well as
RNAseq to comprehensively analyze recurrent
somatic alterations in non-coding regions. We
detected median 9,649 (Range 3,194-126,935)
mutations and indels per sample with overall more
than 4M total somatic mutations. Introns (> 2.5
mutations/per Mb) and intergenic regions (> 3
mutations/per Mb) had significantly higher number
of mutations per megabase compared to Exons (~2
mutations/per Mb) (p < 1e-5). We observed 57
[range 7 - 376] structural variants (SVs) per sample
with > 98% involving non-coding regions. We
identified 48 SV hotspots that are targeting tumor
suppressor genes or key regulatory elements such as
TCF3 and TNFSF10 and these SVs were also
associated with significantly altered expression of
the target genes. We found that mutational load is
associated with clinical outcome and 19 genes with
mutation hotspots in the non-coding region do have
significant expression changes. After false discovery
rate correction, we identified 12 hot spots with
significant impact on overall survival (OS). We
identified 42 deletions and 6 translocations
frequently observed ( > 3%) and effect the target
gene expression levels. 16 of these deletions were
signifincatly associated with OS or PFS after FDR
correction. Several hypodiploid only translocation
hotspots impacted the gene expression level with
positive effect on OS. Some of these SV hotspots
were associated with chromothripsis reported in ~25
of newly diagnosed MM patients. In conclusion, the
large deep whole genome sequencing data from
newly-diagnosed MM patients have identified a vast
majority of non-coding mutations with potentially
significant functional and biological role in MM.
Our integrative approach using both WGS and
RNA-seq data from the same patients now provides
us important tool to further characterize the impact

of these mutations and develop opportunities for
targeted therapeutics.
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Abstract:

Alternative splicing (AS) is a critical post-
transcriptional event, which affects the number of
cellular processes, including cell growth and
survival. Aberrant splicing of numerous genes in
multiple myeloma (MM) such as XBP1 affects the
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disease biology. However, to date, no whole-
transcriptome-wide AS study has been performed in
MM. We used deep RNA-sequencing data from 16
normal plasma cells (NPC) and 360 newly
diagnosed MM patients to describe the landscape of
the splicing events and evaluate the transcriptomic
repertoire focused on the abundance of various
isoforms. A global splicing analysis showed that
mutually exclusive exon (MXE) (n=510) and
Skipped Exon (SE) (n=417) are the most frequent
splicing events in MM compared to normal plasma
cells. Among these events, ~54% were observed in
genes which are not differentially expressed between
MM and NPC and 46% of the AS events (SE, MXE,
retained intron, alternative 3'/5' sites) were observed
in differentially expressed genes targeting 203
unique genes. The AS events targeted RNA
transcription regulatory genes such as IKZF1,
IKZF3; key regulatory elements in MM including
IRF3, IRF4, and key transcription factors such as
MEF2C, XPB1, STATZ2, and ILF3. In general,
alternate splicing affected DNA replication, cell
cycle, and apoptosis pathways. There was
heterogeneous distribution of AS in various MM
subgroups; monosomy 14, t(4;14), dellp and dell7p
had the highest number of unique (not observed in
other subgroups) AS events compared to NPCs. We
finally evaluated isoform switched which may be
affected by AS pattern changes. Our initial
comparison between NPC and MM cells showed
500 significant isoform switches that are described
as different usage of isoforms in different conditions.
48% of these switches were on non-differentially
expressed genes between NPC and MM, targeting
functionally critical genes such as CCND3, a cell
cycle associated protein, in which the gene
expression was not different between NPC and MM,
but isoform usage was significantly altered.
Significant isoform switches on SCNM1, RBMS1,
CHMP7, PTAR1, TRIM22, CPPED1, C200rf24,
DIDO1 were observed in all MM subgroups;
however, subgroups tend to have different patterns
similar to AS events. Functional impacts of isoform
switches were evaluated using Open Reading Frame
(ORF), protein domains (via Pfam), signal peptides
(via SignalP), coding potential (via ENCODE) and
sensitivity to Non-sense Mediated Decay (NMD).
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We report that alternative isoforms tend to create
more protein-coding isoforms, alter the binding
domains, and create new ORFs to alter the function
of the genes. In summary, we describe a detailed
splicing landscape in myeloma and highlight the
biological and clinical importance of alternative
splicing events. Moreover, we report significant
isoform switches with potential functional
consequences and therapeutic implications.
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Abstract:
Trial in progress Background and aims. Multiple
myeloma (MM) patients' (pts) prognoses range from
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few months to many years. Pts who relapse early
after first-line treatment show dismal outcomes. We
analyzed the Multiple Myeloma Research
Foundation (MMRF) CoMMpass trial to study the
clinical and biological characteristics of early
relapsing pts. Methods. CoMMpass interim analysis
14 cohort was used. Data cut-off for pts co-enrolled
in the NCT02203643 study was May 30 2018. Early
progressors were defined as pts with a time-to-
progression (TTP) <18 months. Non-Synonymous
mutations/indels from a customized 21-genes list
occurring in at least 25 pts were analyzed.
Cytogenetic data were defined according to Seg-
FISH. LDH levels were considered high if above the
upper limit value of normal (ULN) or above the 90th
centile if ULN was not available. Therapy for each
pt was categorized according to initial induction
therapy, autologous stem-cell transplantation
(ASCT) and maintenance therapy. A univariate
analysis of clinical and biological factors in early
progressors vs no early progressors was performed;
factors with p-value <0.15 in univariate analysis
were then tested in a multivariate logistic regression
model. Results. 1151 pts were enrolled in the 1A14
CoMMpeass release, the median follow-up of our
cohort was 41 months. Molecular and TTP data were
available in 926 pts that were included in the
subsequent analyses. The most frequent induction
therapy was VRd (34%) followed by bortezomib +
chemotherapy triplet (23%). ASCT was received by
53% of evaluable pts. Maintenance was received by
74% of evaluable pts. Early progression occurred in
191/926 (21%) pts. Among early progressors, 16.2%
were primary refractory, 46.6% relapsed while
receiving active treatment during the first year. The
cohort was composed of 760 (82.1%) real world pts
and 166 (17.9%) pts enrolled in clinical trials. To
avoid bias, the multivariate logistic regression model
was corrected for clinical trial participation.
Independent factors increasing the risk of early
progression were TP53 mutation (OR 3.63,
p<0.001), high LDH levels (OR 2.23, p=0.026),
amplq positivity (OR 1.56, p=0.027) and IGLL5
mutation (OR 1.73, p=0.025). Independent factors
lowering the risk of early progression were ASCT
(OR 0.29 vs no ASCT, p<0.001) and maintenance
(OR 0.52 vs no maintenance, p=0.017). Conclusions.

TP53 mutation, high LDH levels, amplqg and IGLL5
mutation are independent predictors of early relapse
in our cohort. With the limitations of a mixed real-
world + clinical-trial population and a non-
randomized evaluation, treatment intensification
with ASCT and maintenance lowered the risk of
early progression.
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Abstract:

Combination regimens informed by preclinical
studies have been a major driver of therapeutic
progress in multiple myeloma (MM) over the last
decades. To help inform the development of future
combination regimens, we applied CRISPR-based
functional genomics to identify previously
underappreciated synergistic interactions between
candidate therapeutic targets in MM. Our previous
CRISPR-based gene-editing studies identified a
large set of genes which are preferentially essential
for MM (compared to other neoplasias). To examine
how MM cell survival/proliferation is impacted by
CRISPR KO of each gene individually vs.
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simultaneous KO of two genes, we performed a
combinatorial CRISPR dual knockout (DKO) screen
in MM.1S or KMS-11 cells, which express 2
orthologous Cas9 nucleases (from S. pyogenes and
S. aureus), to increase the efficiency and specificity
of DKO. We studied 105 select genes, including ~50
MM-preferential dependencies; additional genes
with broad-spectrum roles as dependencies in MM
and other neoplasias; tumor suppressors; and genes
that are frequently expressed in, but are not major
dependencies for, MM cells in single KO studies
(e.g. ZBP1, ELL2). We also applied this DKO
system in vivo using MM.1S cells implanted in a
"humanized" scaffold-based BM-like model. We
observed strong overlap, but also distinct results,
between the two cell lines in vitro; and between in
vitro and in vivo studies of MM.1S. Notable results
included: a central role for recurrent synergistic KO
pairs, in vitro and in vivo, for several transcription
factors (TFs), including members of NF-xB
pathway, or endoplasmic reticulum (ER)-stress
pathways; lack of major synergy between IKZF1
and IKZF3 KO, but recurrent synergistic pairs of
either of these genes with other TFs; significant
time-dependent pattern of synergistic interaction: in
early time-points of these studies, potent
dependencies (e.g. IRF4) are highly recurrent
partners in synergistic pairs, while later time-points
uncover interactions between genes with less
pronounced, if any, individual roles as essential
genes. Indeed, many synergistic combinations
contained genes that are not top dependencies when
tested individually but have known or proposed roles
in regulation of gene transcription and/or ER stress
(e.g. ZBP1, XBP1, ELL2). We observed prominent
synergistic interactions involving antiapoptotic
BCL-2 family members such as MCL1 or BCL2L1
in both cell lines, especially in KMS-11 cells for
which these genes are less pronounced individual
dependencies than MM.1S. KO of major
dependencies such as IRF4 and POU2AF1 overcame
the effect of TP53 KO in TP53-WT MM.1S cells
and the effect of PTEN KO in MM.1S and KMS-11
cells. Our combinatorial functional genomics studies
provides insights into interactions between key MM
genes/regulatory pathways, including previously
underappreciated pairs of targets with biological and
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potential therapeutic implications for the design of
future combination therapies for MM.
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Abstract:

Background: Multiple myeloma (MM) is a clonal
plasma cell malignancy that accounts for 10% of
hematological neoplasms and is diagnosed most
commonly in patients over 50 years of age. Somatic
mutations in hematopoietic stem cells are commonly
acquired during aging - a phenomenon referred to as
clonal hematopoiesis of indeterminate potential
(CHIP) - and negatively influence survival in
patients with non-hematological neoplasms. We
examined how CHIP influences outcomes of MM
patients. Methods: We performed targeted
sequencing of cryopreserved, growth factor-
mobilized peripheral blood from 629 MM patients
who underwent autologous stem cell transplantation
(ASCT) between 2003 and 2011 at the Dana-Farber
Cancer Institute. We used the Multiple Myeloma
Research Foundation database of 986 MM patients
as a validation cohort. Results: Of the DFCI cohort,
136 patients (21.62%) had CHIP at the time of
ASCT. The most commonly mutated genes were
DNMT3A, TET2, TP53, ASXL1 and PPM1D.
Twenty- four patients (3.8%) developed a second
hematological malignancy at a median of 4 years
[range: 1-10] following ASCT, and 29% of these
had CHIP. Twenty-two percent of all patients
underwent at least 3 years [range: 0.06-12.8] of first-
line immunomodulatory (IMiD) maintenance. Of
those who did not receive IMiD maintenance, CHIP
was associated with worse overall survival (OS)
(p=0.001) and, even more interestingly, progression-
free survival (PFS) (p<0.001). In patients receiving
IMiDs, CHIP had no effect on OS or PFS.
Conclusion: CHIP is common in MM and the use of
IMiDs post ASCT may abrogate the deleterious
effects of CHIP on PFS and OS.
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Abstract:

Introduction: In the randomized, phase 3
ELOQUENT-2 trial (NCT01239797), the addition
of elotuzumab to lenalidomide/dexamethasone
(ELd) demonstrated a sustained improvement in
progression-free survival (PFS) compared with
lenalidomide/dexamethasone alone (Ld) in patients
(pts) with relapsed or refractory multiple myeloma
(RRMM) (Dimopoulos MA et al. Cancer 2018). An
interim analysis (1A) of overall survival (OS)
showed a trend in favor of ELd vs Ld (hazard ratio
[HR] 0.77; 95% confidence interval [CI] 0.61, 0.97),
with a median OS of 43.7 months vs 39.6 months
(Dimopoulos MA et al. Br J Haematol 2017). Here
we present the final OS analysis. Methods: 646 pts
with RRMM and 1-3 prior lines of therapy (LoT)
were randomized 1:1 to receive ELd or Ld until
disease progression, unacceptable toxicity, or
withdrawal of consent. OS was tested hierarchically
to the co-primary endpoints of PFS and overall
response rate, with the final OS analysis (secondary
endpoint) pre-specified to occur after at least 427
deaths. The 2-sided alpha for statistical significance
was 0.046, based on the observed number of deaths
at A in the group sequential tests. Results: At the
pre-specified final OS analysis (data cut-off Oct 3,
2018; minimum follow-up 5.9 years), ELd
demonstrated an 18% reduction in the risk of death
vs Ld (HR 0.820; 95.4% CI 0.676, 0.995; p=0.0408).
The median (95% CI) OS was 48.3 (40.3, 51.9)
months with ELd and 39.6 (33.3, 45.3) months with
Ld. The OS benefit was observed in most predefined
subgroups of interest, including pts aged at least 75
years (HR 0.69), pts with International Staging
System stage 11 disease at enrollment (HR 0.74), 2—
3 prior LoT (HR 0.71), and del17p positivity (HR
0.71). At the time of final analysis, 10.3% (33/321)
of pts randomized to ELd and 4.3% (14/325) to Ld
remained on treatment. The safety profile of ELd
was consistent with prior reports, with no new safety
signals detected. Fewer deaths occurred with ELd
(212/318; 66.7%) vs Ld (225/317; 71.0%), with
most deaths attributed to disease progression (ELd
41.2% vs Ld 44.8%). Grade 1-2 and grade 3
infusion reactions occured in 9.4% and 1.6% of pts
who received ELd, respectively. Serious adverse
events were reported in 74.8% (ELd) and 61.2%
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(Ld) of pts, most commonly infection (ELd 39.3%
vs Ld 28.4%). The incidence of second primary
malignancies was 12.3% (ELd) and 8.8% (Ld).
Adverse events leading to discontinuation of any
study drug occured in 35.8% (ELd) and 32.8% (Ld)
of pts. Conclusion: ELd demonstrated a statistically
significant and clinically meaningful 18% reduction
in the risk of death vs Ld in the ELOQUENT-2 trial.
ELd is the only approved antibody-based regimen
shown to significantly prolong OS in pts with
RRMM and 1-3 prior LoT.
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Abstract:

Background: Intravenous (IV) DARA is approved as
monotherapy and in combination with standard-of-
care (SoC) regimens for relapsed or refractory MM
(RRMM) and transplant-ineligible newly diagnosed
MM (NDMM). A SC co-formulation of DARA with
recombinant human hyaluronidase PH20 (rHUPH20;
ENHANZE® drug delivery technology, Halozyme,
Inc.) can be administered in 3-5 minutes. This phase
2, open-label, multicenter study (PLEIADES)
assessed efficacy and safety of DARA SC (D)
combined with bortezomib, lenalidomide, and
dexamethasone (VRd), bortezomib, melphalan, and
prednisone (VMP), or lenalidomide and
dexamethasone (Rd) in NDMM or RRMM patients
(pts). Methods: Transplant-ineligible NDMM pts
received D-VMP, and RRMM pts with >1 prior line
of therapy received D-Rd; both cohorts were treated
until disease progression. Transplant-eligible
NDMM pts received 4 cycles of D-VRd induction
therapy (subsequent therapy/autologous stem cell
transplant performed off-study). Primary efficacy
endpoints were overall response rate (ORR) for D-
VMP and D-Rd and very good partial response or
better (>*VGPR) rate for D-VRd. Secondary
endpoints included >VGPR for D-VMP and D-Rd,
ORR for D-VRd, and complete response or better

(>CR) rate, duration of response, minimal residual
disease (MRD)-negativity rate, and DARA serum
concentrations for all cohorts. Safety data included
rates of treatment-emergent adverse events (TEAES)
and infusion-related reactions (IRRs). Results: 199
pts were enrolled (D-VMP, n=67; D-Rd, n=65; D-
VRd, n=67). As of the data cutoff (4 March 2019),
median duration of follow up was approximately 7
months for D-VMP and D-Rd and 4 months for D-
VRd. Primary endpoints were met for all cohorts.
Rate of ORR for D-VMP was 88.1% (90% ClI,
79.5%-93.9%) and for D-Rd was 90.8% (90% Cl,
82.6%-95.9%). Rate of >VGPR for D-VRd was
71.6% (90% Cl, 61.2%-80.6%). Rate of >VGPR for
D-VMP was 64.2% (90% Cl, 53.5%-73.9%) and for
D-Rd was 64.6% (90% CI, 53.7%-74.5%). ORR for
D-VRd was 97% (90% CI, 90.9%-99.5%). At the
time of the primary analysis, >CR rates, duration of
response, and MRD-negativity rates were immature.
DARA mean Cmax was comparable across cohorts
at Cycle 1, Day 4 and consistent with historical
DARA SC data. Rates of any grade IRRs and
injection-site reactions were each 7.5% across all
cohorts (1 grade 3 IRR for D-VRd; no grade 4
reactions in any cohort). Median duration of
administration was 5 minutes for all cohorts. Grade
3 or 4 TEAEs were reported by 46 (68.7%), 51
(78.5%), and 39 (58.2%) pts in the D-VMP, D-Rd,
and D-VRd cohorts, respectively. TEAES leading to
treatment discontinuation were <5% in all cohorts.
Safety profiles in all cohorts were consistent with
DARA IV in combination with these backbone SoC
regimens. Conclusions: DARA SC in combination
with SoC regimens demonstrated comparable
clinical activity and safety to corresponding DARA
IV regimens, with considerably lower IRR rates and
substantially shorter durations of administration.
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Abstract:

High-risk multiple myeloma (MM) disease still has a
significant impaired prognostic outcome.
Achievement of minimal residual disease (MRD)
negativity correlates with favorable progression-free
(PFS) and overall survival (OS) including high-risk
patients. Combination treatment with proteasome
inhibitor, immunomodulating agent and
dexamethasone in first-line treatment results in high
response rates and deep remissions. It was shown,
that addition of monoclonal anti-CD38 antibody
further improves depth of response and MRD-
negative rates. The multicenter, phase [l GMMG-
CONCEPT trial investigates combination treatment
with Isatuximab, Carfilzomib, Lenalidomide and
Dexamethasone (I-KRd) for front-line, high-risk
MM. Here, we report on the results of the safety run-
in cohort. 153 patients with newly-diagnosed MM
are planned to be included into the trial and receive 6
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cycles of I1-KRd induction followed by high-dose
melphalan, 4 cycles of I-KRd consolidation and I-
KR maintenance. The safety-run in phase included
the first 10 patients to assess dose-limiting toxicities
during the first two I-KRd cycles. In addition, early
responses are reported. 10 patients (42-67 years)
contributed to the analysis. All patients experienced
at least one treatment-emergent adverse event
(TEAE), in total 49 TEAE were reported, 15 were
classified as Grad 1, 14 as Grade 2, 17 as Grade 3
and 3 as Grade 4. Main > Grade 3 toxicities were
hematologic with neutropenia in 6 patients,
leukopenia in 5 patients, lymphopenia in 2 patients,
anemia in 2 patients and thrombocytopenia in 1
patient. Non-hematological toxicities Grade > 3
were cerebral vascular disorders in 2 patients, self-
limiting ventricular tachycardia in 1 patient and
diarrhea in 1 patient. 3 patients experienced infusion
reaction grade 2 during the first Isatuximab infusion.
In total, 5 SAE occurred. The 2 cerebral events were
classified as non-related due to preexisting
comorbidities. 9/10 patients completed 6 cycles of
induction. 10/10 patients had documented responses
during induction phase with all patients achieving >
VGPR. Conclusions: The 4-drug combination of I-
KRd was administered for the first time for
treatment of MM patients. Overall, toxicity was
manageable with an overall safety profile consistent
with prior experience with KRd and anti-CD38
antibody treatment. After completion of the safety
run-in, the trial continued as planned. First response
rates are encouraging and will be followed
continuously.
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Abstract:

Background: Daratumumab and elotuzumab are
powerful treatment options in myeloma therapy but
resistance and relapse still represent major
challenges. Novel target structures may open
alternative avenues to develop effective antibody
therapies. Here, we present the monoclonal antibody
'EBU-141 Tetra' directed against the glycoantigen
CD75s (alpha-2,6-sialylated lactosamines on
glycoproteins and glycolipids) as a potent agent with
potential application in myeloma therapy. CD75s is
present on plasma cell tumors and mature B cell
lymphomas, including Burkitt's lymphoma, FL,
DLBCL, MCL and CLL. To evaluate CD75s as a
target for a therapeutic antibody we generated a
tetravalently binding Fc-engineered chEBU-141
IgG1 antibody with enhanced avidity for CD75s and
potent effector functions. Methods: 'EBU-141 Tetra'
was designed in a format enabling tetravalent
antigen binding and improved recruitment of
immune cells as well as the complement system by
applying Fc-protein engineering. The antibody was
produced by transient transfection and purified by
affinity chromatography. Direct anti-tumor effects
and Fc-mediated effector functions were
investigated in cell proliferation assays, by
fluorescence microscopy, and in 51Cr release
experiments using myeloma cell line U266 and
Burkitt's lymphoma cell line Daudi as well as freshly
isolated tumor cells. Peripheral blood mononuclear
cells (PBMC), monocyte-derived macrophages and
serum of healthy donors were used in the functional
assays. Results: The Tetra-Fab design of 'EBU-141
Tetra' improved binding to CD75s on cell surface of
malignant plasma cells as well as mature B cell
lymphoma cells compared to the conventional
bivalent antibody chEBU-141 IgG1. The higher
avidity for CD75s and the applied Fc-engineering

strategy resulted in markedly improved antibody-
dependent cell-mediated cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC) of 'EBU-
141 Tetra' compared to chEBU-141 1gG1 against
myeloma and Burkitt's lymphoma cells. Of note,
also freshly isolated B-CLL tumor cells were
efficiently killed by 'EBU-141 Tetra' and PBMCs
with EC50 values in the low nanomolar range. In
addition, 'EBU-141 Tetra' induced potent antibody-
dependent cellular phagocytosis (ADCP) of
myeloma and lymphoma cells. Thus, the novel
tetravalent, Fc-engineered antibody 'EBU-141 Tetra'
efficiently activated immune effector cells and the
complement system for tumor cell lysis.
Conclusions: Our findings demonstrate that highly
potent 1gG-based antibody-derivatives against
glycan-structures can be generated that harbor four
antigen-binding sites and are Fc-engineered for
improved ADCC, ADCP and CDC activity. In
conclusion, 'EBU-141 Tetra' may represent a new
candidate for clinical application in myeloma and
lymphoma therapy.
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Abstract:

Background: BCMA, a TNFR family member, is
expressed on multiple myeloma (MM) cells and
plasma cells (PC). Objectives of this study included
assessing safety and activity per IMWG 2006 of the
BiTE molecule AMG 420/BI 836909, which binds
BCMA (B-Cell Maturation Antigen) on MM cells
and CD3 on T cells, thus engaging T cells to
malignant cells in R/R (relapsed and/or refractory)
MM. Methods: In this FIH study (NCT02514239),
6-week cycles of AMG 420 were given for <5 cycles
or until disease progression (PD), toxicity, or
consent withdrawal; 5 more cycles could be given
for benefit. Single-patient cohorts [0.2 1.6 pg/day
(d)] were followed by cohorts of 3-6 patients (3.2
800 pg/d). Eligible patients had progression after >2
lines (including proteasome inhibitor and IMiDs).
Excluded were PC leukemia, extramedullary relapse,
CNS involvement, or prior allo-SCT. Minimal
residual disease (MRD) was defined for this study as
<1 tumor cell / 10-4 bone marrow cells per flow
cytometry using antibodies to cytlgh, cytlgk, CD19,
CD56 or CD138, CD38, and CD45. Results: As of
April 8, 2019, 42 patients received AMG 420 (0.2-
800 pg/d). Median age was 65 y, median MM
duration 5.2 y, and median # prior therapies 4.
Patients discontinued for PD (n=25), adverse events
(AE, n=7, incl 3 dose-limiting toxicities [DLTS]),
death (4), completed 10 cycles (3), and consent (1).
Patients were treated for a mean (SD) of 2.8 (2.9)
cycles. Serious AEs (SAEs, n=20, 48%) occurring in
>1 patient were infections (14) and polyneuropathy
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(PN, 2). Treatment-related SAEs included the 2
cases of grade 3 peripheral PN and 1 case of grade 3
edema. There were 2 deaths from AEs, acute
respiratory distress from flu / aspergillosis and
fulminant hepatitis related to adenovirus infection;
neither treatment related. Grade 2-3 CRS was seen
in 3 patients. No anti-AMG 420 antibodies were
detected. In this study, 800 pg/d was determined to
not be tolerable as 2/3 patients had DLTs, 1 grade 3
CRS and 1 grade 3 PN; both events required
hospitalization and subsequently resolved. There
also was 1 grade 3 DLT of PN among the 10 patients
receiving 400 pg/d, which also resolved. At 400
pg/d, there were 5 MRD-negative CRs, 1 VGPR,
and 1 PR, for a response rate of 7/10 (70%); at April
datacut, responses lasted for 5.8-13.6 months with 2
patients ongoing on treatment. Overall in the study,
there were 13/42 responders (6 MRD-negative CRs,
3 CRs, 2 VGPRs, 2 PRs). Median time to any
response was 1 month, with 11 of 13 patients
responding in the first cycle. Conclusions: In this
FIH study, AMG 420, a short half-life BiTE
molecule targeting BCMA, showed encouraging
evidence of activity in patients with R/R MM. At
400 pg/d, there was a 70% response rate (7/10) with
5 out of 7 responders achieving MRD-negative CRs.
DLTs at 800 pg/d were CRS and PN. Other than 1
DLT of PN at 400 pg/d, no major toxicities were
observed up to 400 ug/d; this dose is being
investigated further.

Keywords:
B-cell maturation antigen

BiTE® (Bispecific T-cell Engager) molecule
Minimal residual disease

Tracks:

Antibody Based Approaches to MM
OAB-026

Synthesis, preclinical analysis, and first-in-
human phase | imaging of 89Zr-DFO-
daratumumab for CD38 targeted imaging of
myeloma

Authors:



Abstracts

Gary Ulaner!, Nicholas Sobol?, Joe O'Donoghue?,
Serge Lyashchenko?, Jason Lewis?, C. Ola
Landgren?

Institutions:

'MEMORIAL SLOAN KETTERING CANCER
CENTER, NEW YORK, NY, 2Memorial Sloan
Kettering Cancer Center, New York, NY

Abstract:

Introduction: Currently, there is a lack of imaging-
based assays to determine disease burden in patients
diagnosed with multiple myeloma. Daratumumab is
an FDA-approved antibody therapy for myeloma,
that targets CD38, an antigen expressed on nearly all
myeloma cells. We report here the synthesis,
preclinical analysis, and first-in-human imaging of
89Zr-DFO-daratumumab for noninvasive CD38-
targeted imaging of myeloma. Methods:
Daratumumab was radiolabeled with 89Zr via
desferrioxamine (DFO) conjugation, producing
89Zr-DFO-daratumumab. Western blot, flow
cytometry, saturation binding assays, and
internalization assays characterized CD38
expression and binding of 89Zr-DFO-daratumumab
in an OPM2 myeloma cell line. A murine xenograft
model of the OPM2 cell line was generated for in
vivo studies. Mice with OPM2 xenografts and
healthy mice were administered 200 microCi of
89Zr-DFO-daratumumab and PET/CT imaging was
performed. Following successful preclinical
imaging, an IRB protocol and IND from the FDA
were obtained for first-in-human phase | imaging.
Ten myeloma patients received 2 mCi of intravenous
89Zr-DFO-daratumumab in 3, 20, or 50 mg of total
antibody mass. Each patient underwent 4 PET/CT
scans over the next 8 days, as well as blood draws
and whole-body counts, to determine tracer
biodistribution, pharmacokinetics, and radiation
dosimetry. Results: 89Zr-DFO-daratumumab was
produced with >99% radiochemical purity and high
stability. Flow cytometry demonstrated >90%
antibody immunoreactivity in OPM2 cells. PET/CT
of murine xenograft models demonstrated
background 89Zr-DFO-daratumumab distribution in
the blood pool, liver and spleen. Substantial bone
marrow uptake was seen in OPM2 mice, but not in
healthy mice, consistent with targeted imaging of

OPM2 myeloma cells engrafted in this cancer
model. Phase | first-in-human 89Zr-DFO-
daratumumab PET/CT imaging demonstrated
distribution in the blood pool, liver and spleen. Focal
89Zr-DFO-daratumumab uptake was visualized in
previously known as well as unknown sites of
osseous myeloma, consistent with successful CD38-
targeted immunoPET imaging of myeloma in human
patients. Conclusions: 89Zr-DFO-daratumumab
provides successful whole-body PET visualization
of myeloma in both a murine myeloma xenograft
model and in a first-in-human phase | trial of
myeloma patients. This novel PET antibody will be
tested for its potential to provide sensitive detection
of myeloma, predict the effectiveness of
daratumumab therapy, and serve as the basis of
theranostic constructs for patients with myeloma.
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Abstract:

Multiple Myeloma (MM) is a genetically complex
and evolutionary process whereby transformed cells
continuously acquire genetic and/or epigenetic
lesions to generate heterogeneous cell populations
composed of functionally distinct clones in the bone
marrow (BM). A small number of detectable pre-
malignant clones are present in early stage and will
continue to acquire more abnormalities leading to
overt disease. In order to accurately predict the
course of the disease with the presence of BM
environment, we require methods to estimate clone-
specific growth rates and define clones that have the
propensity of dissemination. Methods: We
developed a PrEDICT (Progression through
Evolution and Dissemination of Clonal Tumor cells)
xenograft mouse model, enabling both molecular
profiling and functional tracking of clonal
dissemination of MM tumor cells by performing
tumor-bearing bone chip implantation
subcutaneously to SCID-beige mice and examining
tumor clones present in the implanted bone chips
(primary sites) compared to those in the distant BM
sites (disseminated sites). By intersecting
differentially expressed genes at primary and
disseminated sites, we identified a set of genes that
are either down-regulated or up-regulated during
dissemination and designated this set of gene
expression profiles as 'progression signature'.
Results: We found that 15 fluorescent color labeled
tumor clones were present with equal distribution in
the primary sites but not at the disseminated sites.
Specific clones (winner clones) had a greater
advantage of growing in the disseminated sites.
Confocal imaging showed the difference in cluster
structures between primary and disseminated
tumors. Most of the clusters in the disseminated sites
consisted of cells of single colors. RNA sequencing
analysis of two human MM cell lines derived from
PrEDICT model demonstrated a distinct gene
expression profile. Gene Set Enrichment Analysis of
the progression signature in publicly available MM
patient datasets (GSE6477, GSE2113 and
GSE24080) demonstrated that this signature
significantly correlated with overall survival and
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with clinical progression from MGUS/smoldering
MM to overt myeloma and relapsed disease. 36
genes were computationally predicted to be master
regulators of MM progression, HMGAL, TRIM28
and PA2G4 were selected and validated in PrEDICT
model using CRISPR mediated loss of function
screen which prioritized HMGAL and PA2G4 as the
key regulators in MM dissemination. Conclusions:
Here, we demonstrate that in vivo clonal evolution
can be characterized using an in vivo model of MM.
The data defines specific clones that have a higher
progression potential and are likely driver clones for
tumor dissemination in MM. A progression
signature was discovered and HMGAL and PA2G4
were validated as potential regulators of MM
progression. Overall, our model successfully
deciphered key characteristics of human MM
progression and identified potential therapeutic
targets.

Keywords:
clonal evolution

dissemination
progression signature

Tracks:
Multiple Myeloma Signaling

OAB-028

REIIBP is a histone methyltransferase
overexpressed in T(4;14) multiple myeloma
with oncogenic potential

Authors:

Jing Yuan Chooi', Muhammad Irfan Bin Azaman?,
Zhengwei Wu?, Sabrina Hui Min Toh?, Zhigang
Xie?, Jianhe Peng®, Wee Joo Chng*

Institutions:

1Department of Medicine, National University of
Singapore, Singapore, *Cancer Science Institute of
Singapore, Singapore, *Experimental Therapeutics
Centre, A*STAR, Singapore, “National University
Cancer Institute of Singapore, Singapore

Abstract:



Abstracts

Multiple Myeloma (MM), characterized by the
uncontrolled proliferation of malignant plasma cells
in the bone marrow, occurs mainly in the elderly
population. Recurrent chromosomal translocations
are central to the pathogenesis of MM, with t(4;14)
being the second-most common and associated with
poor prognosis. The histone methyltransferase
(HMTase) MMSET is overexpressed in MM as a
result of the t(4;14) translocation. MMSET is
capable of producing 3 major isoforms, MMSET I,
REIIBP and MMSET I. MMSET |1 encodes the full-
length protein of 1365 amino acids and possesses
HMTase activity for H3K36 and H4K20. MMSET |,
a short isoform with 647 amino acids, is identical to
MMSET Il N-terminus. REIIBP, a short isoform
with 584 amino acids, has an identical sequence of
MMSET Il C-terminus. Although the short isoform
REIIBP is overexpressed universally in t(4;14) MM,
its role in t(4;14) MM remains poorly understood. In
this study, non-t(4;14) MM cell line RPMI8226 was
transfected with REIIBP vector and selected with
puromycin, thereby generating a cell line with
ectopic expression of REIIBP. Overexpression of
REINIBP in MM cells leads to an aberrantly high
global level of H3K9me3, H3K27me3 and
H3K79me3, which were subsequently confirmed
with liquid chromatography-mass spectrometry (LC-
MS) analysis. In vitro HMTase assay indicated that
the SET domain is required for REIIBP
methyltransferase activity, specifically H3K27me3.
We further investigated genes and pathways
regulated by REIIBP in MM cells. Gene expression
array analysis after REIIBP overexpression showed
that REIIBP increased BTK (Bruton's tyrosine
kinase) mMRNA levels significantly. BTK is involved
in B-cell receptor signaling in which it activates
NFKkB signaling pathway via phosphorylation of
NFkBp65 and anti-apoptotic protein Bcl2. REIIBP
upregulates BTK level, which in turn activates BTK
downstream target Bcl2, leading to increased cell
proliferation and reduced cell apoptosis in MM cells.
REIIBP also promotes in vivo tumor formation of
MM cells. MM cells overexpressing REIIBP are
sensitive to BTK inhibitor, Ibrutinib. Our results
indicated that H3K27me3 is the primary product
generated by REIIBP and suggests that REIIBP
might act as an oncoprotein in t(4;14) MM cells.

Keywords:
BTK

REIIBP

Tracks:
Multiple Myeloma Signaling

OAB-029

Cooperative impact of Utx loss and Braf
V600E mutation induces myeloma in mice

Authors:

Ola Rizg!, Naoya Mimura?, Motohiko Oshima?®,
Shuji Momose*, Yaeko Nakajima-Takagi?,
Kazumasa Aoyama®, Atsunori Saraya®, Tohru Iseki?,
Emiko Sakaida®, Chiaki Nakaseko’, Yutaka Okuno?,
Hiroaki Honda®, Jun-ichi Tamaru*, Yu-Tzu Tai?,
Kenneth C. Anderson?, Atsushi lwama®

Institutions:

!Medical Oncology Department, Dana-Farber
Cancer Institute, Harvard Medical School, Boston,
MA, 2Department of Transfusion Medicine and Cell
Therapy, Chiba University Hospital, Chiba,

Japan, Division of Stem Cell and Molecular
Medicine, Institute of Medical Science, Tokyo
University, Tokyo, Japan, “Department of
Pathology, Saitama Medical Center, Saitama
Medical University, Kawagoe, Japan, *Department
of Cellular and Molecular Medicine, Graduate
School of Medicine, Chiba University, Chiba,
Japan, ®Department of Hematology, Chiba
University Hospital, Chiba, Japan, ‘Department of
Hematology, International University of Health and
Welfare, Narita, Japan, 8Graduate School of
Medicine, Kumamoto University, Kumamoto,
Japan, °Field of Human Disease Models, Tokyo
Women’s Medical University, Tokyo, Japan

Abstract:

Dysfunction of the epigenetic modifiers has been
implicated in multiple myeloma (MM). The histone
H3K27 demethylase UTX was found to be affected
by inactivating somatic mutations in 3-10% of
myeloma samples. Importantly, patients with a
mutation or deletion in UTX had shorter overall
survival. These reports suggest that UTX acts as a
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tumor suppressor in MM. However, no studies have
investigated the role of UTX loss in MM in vivo. In
addition, overexpression of EZH2, that catalyzes the
generation of H3K27me3, was found to correlate
with myeloma disease progression and poor
prognosis. We previously showed that dual
inhibition of EZH2 and its homolog EZH1 alone and
in combination with proteasome inhibitors constitute
a novel therapeutic strategy in MM (Rizq et al. Clin
Cancer Res. 2017). On the other hand, the activating
mutations in the RAS/RAF/MEK/ERK/MAPK
pathway were identified in up to 50% of newly
diagnosed MM patients with V60O0E as the
predominant BRAF variant. In this study, we
investigated the function of UTX in MM and the
interplay between UTX loss and the activating
BRAF V600E mutation in myelomagenesis. We
used a conditional mouse model with knock-out
allele of Utx and/or knock-in allele of Braf V600E
combined with Cy1-Cre allele. We found that UTX
loss together with the activating Braf V600E
mutation shortened the survival of mice, particularly
UtxA/A Braf V600E females, compared with either
single mutation and control mice. We observed
plasma cell neoplasms in a significant number of
UtxA/A Braf V60OE, UtxA/+ Braf V60OE, and
UtxA/Y Braf V60OE mice (6/17, (35%); 5/16, (31%)
and 12/20 (60%), respectively). Mice that developed
MM-like disease showed a marked increase in BM
plasma cells, large M spikes in serum protein
electrophoresis, and anemia. Importantly, the
malignant plasma cells were readily transplantable
into recipient mice with high penetrance.
Interestingly, gene set enrichment analysis of RNA
seq data of mice that developed MM-like disease
revealed that Myc was a major driver of
tumorigenesis in our mouse model. ChlP-seq for
H3K27me3 could not detect a meaningful change in
Utx/Braf-mutant mice compared with control ones.
Next, we studied the sensitivity of a murine cell line
developed from our mouse model to novel and
conventional anti-myeloma agents. Consistent with
our data from human cell lines, dual inhibition of
EZH2 and EZH1 was more effective than specific
EZH2 inhibition. Interestingly, we found that
concurrent loss of Utx and the activating Braf
V600E mutation conferred resistance to proteasome
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inhibitors, which was overcome by dual inhibition of
EZH2 and EZH1. Importantly, restoration of Utx
expression in the Utx knock-out cell line markedly
inhibited the growth of the cells. Taken together, Utx
insufficiency cooperates with the activating Braf
V600E mutation in mice to induce myeloma. We
believe that our mouse model is a useful tool to
understand the pathogenesis of myeloma and test
novel therapeutic agents.
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Abstract:

Introduction:Multiple myeloma (MM) is an
incurable hematological malignancy characterized
by the clonal proliferation of plasma cells. Besides
genetic abnormalities, epigenetic aberrations
affecting histone modifications also play a critical
role in MM pathogenesis. However, it remains
largely elusive. Methods:We investigated the
expression of PHD finger protein 19(PHF19), a
component of the polycomb repressive complex 2,
and outcomes of MM patients in clinical databases
and sequential patient samples. The effects of
PHF19 on cell growth and drug resistance were
confirmed by overexpression or shRNA knock-down
models both in vitro and in vivo. Co-IP and western
blot assay further confirmed molecular mechanism
involved in PHF19 functional activity. Dual
luciferase assay was applied to explore the direct
regulation of mMiRNA-15a on PHF19. Results:
Enhanced PHF19 expression is highly associated
with high-risk cytogenetic profiles and inferior
outcomes of MM patients. We overexpressed full-
length human PHF19 cDNA into ARP1 and OCI-
My5 MM cell lines via lentivirus infection. PHF19-
OE significantly enhanced cell proliferation
compared to cells transfected with an empty vector
(EV) in both ARP1 and OCI-My5 MM cell lines.
Moreover, overexpression of PHF19 led to
suppression of apoptosis in ARP1 and OCI-My5
cells exposed to commonly using anti-MM reagents,
such as bortezomib (BTZ), epirubicin (EPI), and
melphalan (MEL). We also investigated the effects
of PHF19 overexpression in vivo using a xenograft
mouse model. We found that mice engrafted ARP1-
OE cells had a significantly larger tumor volume
than the control mice engrafted with ARP1-EV cells.
Consistent with our in vitro data, bortezomib
injection could not inhibit ARP1-OE cell growth.
PHF19 promotes MM cell growth and drug

resistance both in vitro and in vivo. We also knocked
down PHF19 in ARP1 and OCI-My5 MM cell lines
through a doxycycline-inducible shRNA lentivirus
delivery. Upon the induction of doxycycline, PHF19
protein expression was remarkably downregulated.
PHF19 Knock-down significantly suppressed cell
growth and sensitizes myeloma cells to
chemotherapeutic drugs both in vitro and in vivo.
RNA-sequencing and western blot analysis confirms
that PHF19 enhances PI3K/AKT activity, which
subsequently leads to phosphorylation of EZH2 at
Ser21. EZH2 phosphorylation suppresses
H3K27me3, resulting in upregulation of downstream
targets (BCL-xL, MCL-1 and HIF-1a) that promote
cell growth. Importantly, PHF19 overexpression is
not caused by DNA amplification of chromosome
9q, but by the direct downregulation of miR-15a.
Conclusions: Deregulation of miR-
15a/PHF19/phosphorylation EZH2 patterns
participates in disease pathogenesis and progression
of MM. PHF19 is a potential therapeutic target to
overcome drug resistance, and improve outcome of
MM patients. Our data provides preclinical rational
to support the treatment targeting PHF19 to suppress
growth and overcome drug resistance in MM and
other cancers.
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Abstract:

Introduction: Evolution and outgrowth of clones that
harbor resistance mutations likely contribute to the
emergence of drug-resistant disease in multiple
myeloma (MM). In this study, we investigate
resistance to the BRAF inhibitor dabrafenib in the
context of BRAF-mutated MM which accounts for
about 5-12% of all patients with relapsed/ refractory
MM. Methods: Resistance to dabrafenib was
modeled in vitro in the BRAF-mutated MM cell
lines (MMCL) U266 (K601N-mut) and DP6
(BRAFV600E-mut). Low-pass whole genome
sequencing (LPWGS), RNA sequencing, ChlP
sequencing and immunoblotting were performed for
genomic, transcriptomic, epigenomic and molecular
characterization. Functional validation was
performed by genome editing using CRISPR/Cas9
technology. Results: Modeling of dabrafenib
resistance in vitro revealed an initial decline of cell
numbers, followed by a plateau phase and a gradual
outgrowth of resistant cells after ~80 days of
treatment. As expected, exposure of BRAF-mut
MMCL to dabrafenib led to initial downregulation
of pERK and pMEK. At later timepoints,
upregulation of pERK and pMEK was observed,
suggesting that re-activation of the ERK/MEK
pathway ultimately overcomes BRAF inhibition.
This outgrowth was associated with highly distinct
copy number profiles in each resistant clone. This
implies clonal selection with outgrowth of
genetically resistant clones as one mechanism of
drug resistance in MM. In a next step, we found that
BRAF inhibition of BRAF-mut MMCL promotes
changes of the transcriptional circuitry that is
independent from clonal outgrowth of genetically
resistant clones. These transcriptional changes were
highly homogenous, occurred as early as after 7-14
days of treatment and were associated with de-
differentiation of MMCL into a more immature B
lymphocytic phenotype. This phenotype was
associated with greater mRNA expression of CD19
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and CD81, as well as upregulation of the B-
lymphocyte activation antigen B7-2 (CD86) and
PI3K pathway genes. Chromatin
immunoprecipitation for H3K27ac indicated
increased enhancer marks near PIK3CD, PIK3CG
and B7.2. We next investigated if targeting the PI3K
pathway and B7.2 can be exploited for effective
killing of dabrafenib-resistant BRAF-mut MMCL.
Studies for the PI3KJ¢ inhibitor idelalisib in
dabrafenib-persistent MMCL revealed higher
sensitivity as compared to dabrafenib-naive controls.
Genome editing suggests a survival advantage for
CD86-wt as compared to CD86-ko MMCL.
Conclusions: Resistance to BRAF inhibition in vitro
is mediated by two distinct mechanisms: 1) clonal
outgrowth of genetically distinct resistant clones,
and 2) transcriptional rewiring that leads to
activation of alternative signaling pathways. The
latter is characterized by a de-differentiated B-cell
phenotype and upregulation of PI3K and
CD28/CD86 signaling. These concepts may provide
a framework for revealing therapeutic vulnerabilities
and to overcome drug resistance mediated by genetic
heterogeneity in MM.
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Abstract:

Background: Venetoclax (VEN) induces deep
responses in relapsed MM, however acquired
resistance frequently occurs. With the challenges
secondary resistance poses there is a need to
investigate the mechanisms mediating this resistance
to VEN. Methods and Results: Bone marrow
aspirates were collected from patients (n=8) treated
with VEN prior to initiation of therapy and at
progression. Ex-vivo profiling of VEN sensitivity
was performed on CD138+ cells. Unbiased mRNA
and DNA profiling was conducted by single-cell
RNAseq and copy humber analysis (SCCNV) on pre-
and post-VEN CD138+ cells. Cell Ranger, Seurat
and Monocle were used for sequencing data
analysis. Ex-vivo apoptosis studies revealed a shift
of the 1C50s of VEN from ~100 nM in pretreatment
to >1000 nM at disease progression. SCCNV
profiling identified a significant expansion of a pre-
treatment subclonal (<1%) cluster with 1921 gain to
become the predominant clone (>70%) at relapse.
The scale of the 1 CNV gain varied from 3 Mb to a
focal gain of 100 kb encompassing the MCL1 locus.
SCRNA confirmed the gain in the MCLL1 transcript.
Single cell trajectory analysis and pseudotime
ordering of cells revealed the emergence of a highly
proliferative clone and of a MCL1 dependent clone
as the disease evolved from its original BCL2
dependent cluster at pseudotime t0. Ex-vivo
apoptosis profiling revealed an acquired sensitivity
to the MCL1 inhibitor (S63845).. In order to
functionally confirm whether the gain in MCL1 is
sufficient to induce resistant to VEN, we stably
overexpressed MCL1 in the KMS12PE BCL2-
dependent MM cell line (KMS12PE_MCL1) and
examined its sensitivity to VEN relative to control
(KMS12PE_EV). Of interest, co-
immunoprecipitation of BIM in KMS12PE_MCL1
demonstrated a shift in BIM loading and co-IP with
MCL1 and BCL2 while it was restricted to BCL2 in
KMS12PE_EV cells. Importantly, VEN 1C50
increased by 200 folds in KMS12PE_MCL1 cells
with acquired sensitivity to S63845. In one patient,
scCNV analysis did not identify any gain in the 1q
locus at the time of disease progression. Mutation

analysis however identified a de novo BCL2
mutation [c.332A>C, p.(Aspl11Ala)]. To determine
whether the Asp111Ala mutation alone is sufficient
to confer resistance to VEN, the mutant was
overexpressed in KMS12PE cells. While BIM
binding to BCL2 was unaffected, Aps111Ala largely
abrogated VEN-induced BIM displacement from
BCL2 and reduced KMS12PE cells sensitivity to
VEN by ~7.5 folds. Conclusion: We have
discovered a novel BCL2 mutation that confers
resistance to VEN. In addition we have identified an
enrichment of MM clones with MCL1 locus 1qg copy
number gain at the time of acquired VEN resistance.
These findings (1q gain) may explain the worsened
overall survival seen in VEN relapsing patients.
Early detection and dynamic monitoring of these
abnormalities (BCL2 mutant or 1q gain) with early
therapeutic interventions targeting these clones may
enhance VEN efficacy and improve patients'
survival
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Background: Previous studies indicate that patients
with relapsed/refractory multiple myeloma (RRMM)
who receive high-dose BCMA-targeting CAR-T
cells may achieve better remission but have worse
adverse events. Moreover, once the disease
progresses again, the re-infusion of CAR-T cells is
not effective. To solve this dilemma, we have
developed a novel BCMA-targeting CAR-T
(CT103A) with a lentiviral vector containing a CAR
structure with a fully human scFv, CD8a hinger and
transmembrane, 4-1BB co-stimulatory and CD3z
activation domains. Methods: ChiCTR1800018137
is a single-center and single-arm trial of CT103A in
patients with RRMM. The primary objectives are to
characterize the safety and tolerability in patients
with R/R MM. The secondary objectives include
evaluation of anti-myeloma activity, cytokines,
CAR-T cell persistence, and pharmacokinetics.
Between September 21, 2018, and June 18, 2019,
twelve patients (including 4 patients having relapsed
after being given a murine BCMA CAR-T and 5
patients having extramedullary disease and/or
plasma cell leukemia) received CT103A in 3+3
dose-escalation trial (four doses at 1, 3, 6 x106/kg)
after a conditioning chemotherapy regimen of
cyclophosphamide and fludarabine. All Patients had
received a median of 4 prior lines (range 3 - 6) of
MM therapy. Results: At the time of the June 18,
2019 data analysis, the overall response rate was
100%, and 4/12 patients achieved CR within two
weeks post-infusion (Tablel). The sCR was 64%,
and VGPR was 36% for 11 evaluable patients. In 4
patients who have participated in a prior CAR-T
trial, three have achieved sCR, and 1 achieved
VGPR. The pharmacokinetics of CT103A were
assessed by a digital polymerase chain reaction.
Rapid and robust CAR- T cell expansion in all dose
levels. The median Tmax is 14 days (ranging from 9
to 25) after infusion, indicating rapid expansion of
the CT103A. CT103A persist in 10/11 patients; the
longest CART persistence time has reached 260
days. In addition, Cmax and AUCO0-28 reached
levels comparable to reported CD19 CAR-T. In the
first two dose groups, the grade of cytokine release
syndrome (CRS) was 0 - 2. A grade 4 CRS appeared
at six x106 /kg dose group and was considered as a
dose-limiting toxicity DLT. No neurotoxicity was
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observed in all dose groups. Conclusions: Data from
this early-stage clinical study showed the
unparalleled safety and efficacy of CT103A in
heavily pretreated R/R multiple myeloma patients.
Major AEs were transient, manageable, and
reversible. Highly active (ORR 100%) and rapid
response within two weeks, suggests CT103A could
be developed as a competitive therapeutic to treat
patients with RRMM.
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Abstract:

Autologous chimeric antigen receptor (CAR) T cells
targeting B-Cell Maturation Antigen (BCMA\) have
achieved clinical responses in patients with relapsed
or refractory multiple myeloma. Development of
autologous CAR T therapies is however limited by
logistical challenges and manufacturing constraints.
Allogeneic CAR T (AlloCAR T™) therapies may
overcome these innate limitations of autologous
CAR T therapies, potentially expanding patient
access by providing a readily available off-the-shelf
product. ALLO-715 is an anti-BCMA allogeneic
CAR T cell product manufactured using healthy
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donor-derived peripheral blood mononuclear cells.
Activated T cells are transduced with a lentiviral
vector containing the anti-BCMA CAR and
subsequently transfected with mRNAs encoding
Transcription Activator-Like Effector Nucleases
(TALEN®) designed to inactivate the T cell receptor
alpha constant (TRAC) and CD52 genes. These
genetic modifications are intended to reduce the risk
of TCR-mediated graft-versus-host disease (GvHD)
and confer resistance to ALLO-647, an anti-CD52
antibody that can be used to deplete host immune
cells prior to ALLO-715 infusion, potentially
enabling expansion and persistence of the AlloCAR
T™ cells. To further enhance the safety profile of
ALLO-715, an off-switch activated by rituximab is
incorporated within the CAR, providing a means to
ablate AlloCAR T™ cells on-demand. In preclinical
studies, ALLO-715 showed robust cell expansion
and low levels of CAR tonic signaling, resulting in
minimal T cell differentiation and high potential for
antigen-dependent proliferation. Moreover, ALLO-
715 demonstrated long-term antitumor activity in
vitro, which was not significantly affected by soluble
BCMA. In vivo, ALLO-715 exhibited dose-
dependent efficacy that was comparable to that of T
cells expressing CARs with clinically-validated anti-
BCMA single chain variable fragments (scFvs). To
evaluate potential off-target binding of the ALLO-
715 scFv, human tissue-cross-reactivity studies were
conducted using a recombinant protein consisting of
the extracellular domain of the ALLO-715 CAR
fused to an IgG backbone. The fusion protein stained
patient-derived multiple myeloma cells but no
appreciable staining was observed across a panel of
36 human tissues, except for cytoplasmic staining of
some epithelial cells in sweat glands and tonsil.
Finally, we tested the efficacy of ALLO-715
manufactured under GMP-like conditions in an
orthotopic xenograft model of multiple myeloma as
well as its sensitivity to rituximab through
complement-dependent cytotoxicity assays. ALLO-
715 exhibited potent activity in vivo and was rapidly
depleted by complement in the presence of
rituximab, demonstrating preservation of key
attributes following scale-up manufacturing. Taken
together, these results support clinical investigation

of ALLO-715 for the treatment of multiple
myeloma.
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Abstract:

Background: Despite impressive preliminary
efficacy of CAR-T cells in multiple myeloma (MM),
NK cell engineering has emerged as a competitive
and safer approach. NK-92 is a universal, cheap and
fast cellular therapy previously used in clinical trials.
Although modest responses with these cells have
been reported in MM, their oncolytic potential can
be enhanced by genetic modification. So far, two
preclinical studies have been performed with CAR
NK-92 against MM, targeting CD138 or CS1
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(SLAMFT7). However, there are still reasonable
doubts about its clinical outcomes due to on-target
off-tumor effect or fratricide, respectively. Thus, the
aim of our study is to generate and compare two
novel CAR NK-92 products for MM treatment.
Materials and methods: NK-92MI cells were
lentivirally transduced with the full-length
ectodomain sequence of the human native NKG2D
receptor or with an anti-BCMA scFv, both
containing identical 4-1BB costimulatory and CD3-(
signaling domains. To compare the efficacy between
these 2nd generation NKG2D-CAR and BCMA-
CAR, the same MOI 10 was used to transduce cells;
both populations were then purified by FACS
sorting to obtain stable modified cell lines and vector
copy number was measured by gPCR to ensure
similar CAR expression. Cytotoxicity assays were
performed by 3-hours Calcein-AM analysis. We
used MM cell lines with different expression of
target ligands: U266 and ARP-1, BCMAhigh and
NKG2DLhigh; XG-1, BCMAhigh and
NKG2DLIow; NCI H929 R20, NKG2DLlow. K562,
BCMAnegative and NKG2DLhigh, a leukemia cell
line. Results: NKG2D-CAR NK-92MI cells
consistently showed much higher in vitro antitumor
activity than the parental line NK-92MI against
U266 (84 + 2% vs 40.7 £ 4% ata 1:1 E:T ratio),
ARP-1(82.1+4%vs21.3+9.2% ata 16:1 E:T
ratio), XG-1 (67.9+9% vs 185+ 4% ata 16:1 E:T
ratio) and NCI H929 R20 (50.9 £ 6% vs 23.7 + 2%
ata 16:1 E:T ratio) cell lines. Next, we compared
cytotoxicity between NKG2D and BCMA-CAR
NK-92MI against U266 (84 £ 2% vs 91.9 + 3% at a
1:1 E:T ratio), ARP-1 (82.1 + 4% vs 80.4 + 3.7% at
a16:1 E:T ratio), XG-1 (67.9 £ 9% vs 89.9 £+ 2% at
a 16:1 E:T ratio) and K562 (94 + 3% vs 25.74 + 4%
ata 1:1 E:T ratio) cell lines. Strikingly, there were
no significant differences between NKG2D-CAR
NK and the gold standard BCMA-CAR against MM
cell lines with high and similar BCMA and
NKG2DL expression. In addition, correlation
between target ligands expression on the tumor and
efficacy of both CARs was also shown. None of the
CAR NK-92MI studied populations showed toxicity
against PBMCs from healthy donors and in vivo
MM orthotopic xenograft mouse model experiments
are ongoing. Conclusions: We have generated two
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novel and stable CAR NK-92 immunoproducts that
improve the oncolytic efficacy of the parental cell
line. Indeed, NKG2D-CAR cells are as equally
efficient as BCMA-CAR cells to eradicate diverse
MM cells. To summarize, all these data show the
feasibility to use this 'off-the-shelf' approach for
MM.
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Abstract:

B-cell maturation antigen (BCMA) targeted
chimeric antigen receptor-T (CAR-T) cells generate
short-lived responses in multiple myeloma (MM)
with high risk of cytokine release syndrome and
neurotoxicity. Expressing CAR proteins on
alternative cell types could lead to a less toxic cure.
Invariant natural Killer T-cells (iNKTs) express a
monomorphic T cell receptor that recognizes
glycolipids displayed by the MHC-like molecule
CD1d. iNKTs do not cause graft versus host disease
(GvHD), making them a useful alternative cell type
for an allogeneic, "off the shelf" CAR product,
including a BCMA-CAR . Prior to testing efficacy
of BCMA-INKT-CAR we generated and tested
BCMA-CAR-T. Human T-cells were transduced
with a lentivirus encoding a 3rd generation CAR
targeting BCMA or CD19 (negative control). In vivo
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efficacy was tested by engrafting 5X105 MM.1S
cells (BCMA+; expressing luciferase and GFP;
MM.1S-CG) i.v. into NSG mice (day 0) followed by
treatment with 2x10"6 BCMA-CAR-T or CD19-
CAR-Ts (day 28). All BCMA-CAR-T (n=7) treated
mice were tumor free at day 150, while all CD19-
CAR-T treated mice died of tumor (median survival
40 days; n=4), demonstrating our BCMA-CAR is
active and useful for testing in INKTSs. iINKTs
isolated from normal human PBMCs were
stimulated with matched donor irradiated negative
fraction PBMCs. We generated BCMA-INKT-CAR
and CD19-iNKT-CAR (CD19-iCAR) and found
efficient killing of MM.1S-CG by BCMA-iCAR and
negligible killing by CD19-iCAR in Chr51 killing
assays. Since iNKT's express the IL-7R, we used
NT-17 (a long-acting IL-7) to enhance expansion and
efficacy of BCMA-IiCARs. Mice were engrafted as
above (day 0) and treated with 10X106 1) BCMA-
iCAR/vehicle (VEH; n=10) 2) CD19-iCAR/VEH
(n=5) 3) BCMA-ICAR/NT-I7 (n=10) 4) CD19-
iICAR/NT-17 (n=5) or 5) nothing. Median survival of
mice treated with CD19-iCAR/VEH and CD19-
iCAR NT-17 was 45 and 49 days, respectively.
Median survival of BCMA-iCAR/VEH treated mice
was 163 days while 7 of 10 BCMA-iCAR/NT-17
treated mice lived >200 days with no tumor detected
by BLI. BCMA-iCAR/NT-I17 treated mice had an
avg. of 92 iNKT+CAR+/uL blood on day 62 and 0
by day 90; no CARs were detected in BCMA-
iCAR/VEH treated mice at either time point. Thus,
NT-17 enhanced BCMA-iCAR antitumor efficacy
and prolonged iNKT-CAR cell survival in vivo. To
assess long lived functional BCMA-iCARs, we re-
challenged the 7 living BCMA-ICAR/NT-I7 mice
with 5X105 MM.1S-CG cells and treated them with
VEH (n=3) or NT-17 (NT-17#2; n=4). Two of four
NT-I7#2 treated mice were tumor free 5 weeks later
while NSG control (n=5) and VEH had high tumor
burden, demonstrating NT-17's potential anti-tumor
effect. Future experiments focus on repeating
preliminary results and testing CS1 (SLAMF7), a
priority CAR-T candidate, on iNKTs and CS1
CRISPR/cas9 gene edited iINKTs. iINKTs hold
promise as an alternative cell source for off-the-shelf
CAR therapies and combination with NT-17

extended CAR-cell and overall survival in a MM
mouse model.
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Abstract:

Despite advances in therapy, multiple myeloma
remains incurable in most patients. Immunotherapies
may possess unique mechanism(s) of action to
overcome drug resistance, potentially providing
long-term tumor surveillance and durable disease
control. Anti-B-cell maturation antigen (BCMA)
CAR-T cell therapy has recently emerged, with
dramatic clinical responses seen. Nevertheless,
primary and acquired resistance is observed with the
current generation of anti-BCMA CAR-T cells. The
mechanisms that govern the expansion, persistence,
and effector function of these cells are unknown.
Further, the interaction of CARs with the myeloma
bone marrow (BM) microenvironment remains
uncharted, which hampers the ability to modulate the
immune response to an optimal safe and efficacious
zone. We utilized single-cell approaches to identify
mechanisms of resistance to CAR-T cells. Methods:
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Bone marrow aspirates and peripheral blood from
MM patients (N=17) were assessed fresh, at
different time points, before and after anti-BCMA
CAR-T infusion. CAR-T cells were enriched by
flow cytometry and were identified in silico for
further analysis. scRNA-seq was performed using
10x genomics 5' technology in conjunction with
assessment of T-cell clonality. To gain insight into
the BM microenvironment role in resistance, CD45+
CD3- CD19- subsets were sorted from paired blood
and BM samples, and BM enriched clusters were
further analyzed. Mass cytometry was performed on
the same samples with a tailored panel. Results: At
time of analysis, 5/17 patients achieved very good
partial response or better, 6/17 had progressed and
6/17 were <3 months post CAR-T infusion. T-cells
from responders compared to non-responders had a
more restricted T-cell receptor repertoire;
overexpressed stem and memory markers such as
TCF7 (1.9 log[fold change of normalized mean
unique molecular identifier per cell], p<10”-5,
Wilcoxon rank-sum t test); and unexpectedly
overexpressed exhaustion markers, i.e. TIGIT (2.53
log[fold change(mean UMI/cell)], p<10~-5). BM
microenvironment cells in patients with disease
progression showed an enrichment of specific
CD14+ myelo-monocytes subsets within the BM
compared to the blood. Those cells were negative for
the tumor-associated macrophage marker CD163,
and overexpressed early growth response genes, i.e.
EGR2 (4.9 log[fold change(mean UMI/cell)],
p<10”7-5) and IL1P (2.56 log[fold change(mean
UMI/cell)], p<10”-5). Together, our results uncover
both T cell-intrinsic and microenvironment factors
associated with clinical response to anti-BCMA
CAR-T cells in refractory myeloma. Our findings
suggest that dominant CAR-T cell clones drive the
anti-tumor immune response, blunted by myeloid
cells in the myeloma niche. Dissection of CAR-T
cell dynamics and functional states will allow for
improved CAR-T generation and/or combination
immune therapies.
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Abstract:

Background: Characterization of various immune-
mediated or regulatory cell subsets and
costimulatory or checkpoint molecules in the
patients with Monoclonal Gammopathy of
Undetermined Significance (MGUS), Smoldering
Multiple Myeloma (SMM) or active Multiple
Myeloma (MM) will provide the framework for
development of novel immunotherapeutic strategies.
Methods: Evaluation of T cell subsets, myeloid
derived suppressor cells (MDSC), CD4+ regulatory
T cells (Treg), primary CD138+ myeloma cells and
their expression of immune checkpoint and
costimulatory molecules which may contribute to
regulation of tumor-specific responses was
performed by flow cytometry. Results: Using freshly
isolated bone marrow mononuclear cells (BMMC)
or peripheral blood mononuclear cells (PBMC), we
found increased G-type MDSC
(CD11b+CD33+HLA-DRlow CD14- CD15+) and
CD4+ Treg (CD3+CD4+/CD25+FOXP3+) and
decreased CD4+ T helper cell frequencies in active
MM patients including newly diagnosed [ND],
relapsed [R] or relapsed/refractory [R/R], as
compared to MGUS/SMM patients or healthy
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donors. Increased PD1 but not LAG3, OX40 or
GITR expression was detected on CD3+ T cells
(both CD4+ Th cells and CD8+ Tc cells) in active
MM patients. In parallel, we observed an increased
expression of PD-L1 but not PD-L2, PD1 nor LAG-
3 on CD138+ cells, G-type MDSC (not M-type
MDSC) and CD4+ Treg (not CD8+ Treg), in active
MM patients' BMMC or PBMC. Interestingly, in
MGUS and SMM patients, CD4+ Treg but not
CDB8+ Treg expressed high levels of PD-L1.
Treatment of MM patients' BMMC with specific
clinical grade antibody targeting checkpoint
molecules (anti-PD1, anti-LAG3) or stimulating
costimulatory molecules (anti-OX40, anti-GITR)
increased the proliferation of CD3+ T cells, both
CD4+ Th and CD8+ Tc cells. However, these
treatment strategies also induced the proliferation of
CD4+ Treg cells or CD3+ T cells expressing another
checkpoints, which may contribute to resistance to
tumor cell cytotoxicity of immunotherapies. Finally,
we evaluated the impact of checkpoint inhibitor or
immune agonist treatment on the poly-functional
anti-myeloma activities of XBP1/CD138/CS1-
specific CTL. The XBP1/CD138/CS1-specific CTL
generated in vitro demonstrated robust anti-tumor
activities against myeloma cells; importantly, the
blockade of PD1, LAG3 or TIM3 enhanced their
cytotoxic activities, as assessed by CD107a
degranulation, granzyme B upregulation, and IFN-y
cytokine production in response to MM cells.
Conclusions: An increased level of immune
regulatory cells and upregulation of checkpoint
molecules were detected in patients with active MM
(ND, R, R/R) compared to MGUS and SMM.
Treatment with an immune agonist or checkpoint
inhibitor increased the proliferation of MM patients'
T cell with enhanced functional activity of antigen-
specific CTL activity against myeloma. Our results
provide the framework for combination approaches
to overcome resistance and enhance activity of
immune therapies in MM.
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Abstract:

In multiple myeloma (MM), despite well-
characterized precursor states such as monoclonal
gammopathy of undetermined significance (MGUS)
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and smoldering multiple myeloma (SMM), there is a
lack of sufficient biomarkers to predict mechanisms
of disease progression. Most genomic analyses have
sought biomarkers by study of the malignant plasma
cells, however, cancers form a complex ecosystem
with the immune and stromal microenvironment.
Thus, to characterize the cellular composition and
transcriptional programs of each component of the
tumor and microenvironment at different stages of
MM progression, we employed a single-cell RNA
sequencing on a cohort of 30 patients at different
stages of disease progression (from MGUS to MM)
and 11 healthy donors. Expression profiles of
plasma cells revealed clear tumor-specific
differences including known oncogenic drivers in
MM (MMSET/FGFR3, CCND1 and MAFB) as well
as Lysosome-associated Membrane Protein 5
(LAMPS5), Histone Cluster 1 H1 Family Member C
(HIST1H1C) and Amphiregulin (AREG)
distinguishing them from healthy plasma cells. We
identified a subset of cycling plasma cells, observing
a range of proliferative activity of the malignant
fraction. Furthermore, our approach allowed a
unique head-to-head comparison of gene expression
changes in normal and malignant plasma cells in the
MGUS and SMM patients within an individual,
excluding inter-individual variation. We were able to
discriminate malignant from non-malignant plasma
cells and identify transcriptional alterations
including known drivers and novel disease
associated genes. Additionally, we report striking
changes in the diseased microenvironment, including
changes in the cell composition with a drastic influx
of NK cells, increased non-classical monocytes and
T-cell populations. By studying changes in NMF-
derived gene expression programs, we observed a
substantial skewing of CD8+ T-cells towards
activated Granzyme (Gr) B/H- expressing states
away from healthy-associated GrK populations, as
well as subclasses of patients with marked interferon
type-1 response. In CD14+ monocytes we find
dysregulated expression of MHC type 1l genes and a
corresponding loss of antigen presentation. In vitro
assays show that MM cells drive this loss of MHC
type Il presentation thus inducing the T-cell
suppressive phenotype in monocytes. Together, we
provide a comprehensive view at the complex

17th International Myeloma Workshop, September 12-15, 2019 | 42

interplay of the immune and malignant cells in
different stages of the disease. Significant
transcriptional alterations in the PCs compartment as
well as compositional changes in the tumor immune
microenvironment may characterize myeloma
already at the MGUS stage of disease. Our results
hint at mechanisms of anti-tumor immune response
as well as immune evasion. Importantly, the immune
patterns observed are often heterogeneous across
patients, and thus may prove important biomarkers
when considering risk assessment and therapeutic
strategies for prevention of progression in MM.
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Abstract:
Multiple myeloma (MM) is a malignancy of plasma
cells that arises from premalignant Monoclonal
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Gammopathy of Undetermined Significance
(MGUS) and often progresses through an
asymptomatic Smoldering (SMM) phase lasting
months or years before manifesting clinical
symptoms warranting therapy. Current research
indicates that the immune microenvironment (IME)
in the bone marrow may play a significant role in
governing progression to symptomatic disease.
Therefore, understanding of the interactions between
malignant plasma cells and the IME in early disease
states is critical in the pursuit of therapies that will
prevent progression to symptomatic disease. We
performed high dimensional genomic and
immunologic analysis of bone marrow specimens
from 73 subjects with SMM. We performed
RNAseq on the malignant plasma cells isolated by
anti-CD138 magnetic bead positive selection, mass
cytometry and T cell receptor sequencing of CD138-
depleted bone marrow mononuclear cells, and
proteomics, seromic, and grand serology analysis of
bone marrow plasma. These samples and assays
provided a broad view of the tumor cells and the
cellular and soluble components of the IME.
Analysis of RNASeq, mass cytometry, and
proteomic data identified self-organizing clusters of
subjects, indicating that subgroups of SMM patients
shared common characteristics in the tumor or IME
populations. We then applied novel bioinformatic
methods to compare data from pairs and triads of
assays to determine if multiple high dimensional
data sets identified common communities of
subjects. Notably, TCRSeq and mass cytometry
identified a group of subjects with high TCR
productive clonality that was driven by CD8+
effector and memory T cell subsets, suggesting that
the state of the T cell compartment is a strong
distinguishing feature in this population. Integrated
analysis of proteomics with either seromics and
RNASeq or TCR Seq and mass cytometry
demonstrate that features of both the tumor and IME
identify diverse communities. These results suggest
that the continuum from MGUS to MM does not
consist of a single pathway in either the tumor cells
or the IME, and that complex interactions ultimately
determine progression. Understanding the key tumor
and immune determinants of non-progressing
patients may lead to rationally designed therapy to

replicate these conditions to the general population
and prevent progression to symptomatic disease.
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Abstract:

Multiple myeloma (MM) represents prototypical
disease model to study tumor heterogeneity due to
the high frequency of intra-clonal diversity within
malignant clone of plasma cells (PC) in the bone
marrow (BM). To better understand the myeloma
heterogeneity within complex myeloma
pathophysiology, we performed large-scale mass
cytometry (CyTOF) analysis in the cohort of BM
samples from MM patients (n=188) compared to 10
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age-matched healthy donors (HD). We designed a
pipeline for deep characterization of PC within the
immune ecosystem of the myeloma
microenvironment enrolling bone marrow of 16
MGUS, 25 smoldering MM (SMM), 43 newly
diagnosed (NDMM) and relapsed or
relapsed/refractory MM patients (n=104). Our study
was focused on profiling of PC based on molecular
perturbations of transcriptional factors and signaling
regulators ensuring B cell development and
stemness-controlling markers within B myeloma
lymphomagenesis by 2 CyTOF panels. Cell
frequency of B cell clusters showed that switched
memory B cells and plasmablast clusters were
upregulated in MGUS compared to HD. Similar
observations were detected in SMM and NDMM vs.
HD, with the highest abundance of PC clusters in
NDMM. The downregulation of cell distribution in
B cell progenies, immature and transitional B cells,
and un-switched memory B cell clusters was
observed in NDMM patients. To evaluate intra and
inter-tumor heterogeneity, significant variations
were detected in PC clusters of MM cohort based on
different expression of IRF4, c-Myc, CD28, CD117,
and FGFR-3, however with homogenous expression
of sXBP1 and MMSET, which differ in all 4 MM
stages compared to HD. Significant upregulation of
CDA47 was showed in all PC clusters of MM cohort.
Moreover, PC clusters differ in intra-clonal
expression of self-renewing/stemness markers
CD184, Notch-1, Oct3/4, KLF-4, Sox-2, Nestin and
Nanog, supporting the idea of sub-clonal variations
insight of MM tumor. In addition, interaction of PC
with myeloma immuno-ecosystem showed that
immune clusters differ with significant abundance in
subsets of T helper cells, non-canonical monocytes,
and subsets of myeloid lineage, whereas decrease of
cell distribution in immature T and B cells, pro-
monocytes and cytotoxic T cell subsets was
observed in MM cohort compared to HD. The
upregulation of KIR expression was more
pronounced in adaptive immune clusters, whereas
PD-1 immune checkpoint was mostly increased in
innate immune clusters. However, downregulation
of PD-L1 was detected in innate and adaptive
immunity in MM cohort compared to HD. MM
patients treated with Revlimid-Velcade-
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Dexamethasone had decrease frequency of specific
PC clusters and un-switched and transitional B cell
clusters. This study might provide the rational for
prediction of MM patient status and design of
targeted and immune therapy in MM on
personalized bases. This work was supported by
REA grant agreement No. 609427-SASPRO
0064/01/02, TRS-2015-00000170, APVV-16-0484
and VEGA 2/0076/17.
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Abstract:

The investigation of the differentiation of terminal
effector CD8+CD57+T cells (TTE) in multiple
myeloma (MM) and its premalignant stage,
monoclonal gammopathy of undetermined
significance (MGUS), is essential for understanding
myeloma immune escape. We have previously
shown that patients with clonal expansions of
cytotoxic TTE cells have better outcomes than those
who do not, but have not examined the underlining
differentiation of TTE cells that leads to these
distinct states. We hypothesised that a lack of
clonally expanded TTE cells in myeloma patients
could be due to myeloma induced alterations of TTE
cell differentiation. To define TTE cell
differentiation at high resolution, we have analysed
paired bone marrow (BM) and peripheral blood (PB)
samples from patients with newly diagnosed
Myeloma (NDMM) and MGUS using time of flight
mass cytometry and unsupervised clustering
algorithm Flow Self-organizing Map (FlowSOM).
We designed a 39 antibody panel, including
antibodies to TCR-Vp families custom-labelled with
heavy metals, allowing the detailed characterization
of the phenotype of clonally expanded TTE cells.
We found that in contrast to TTE cells in MGUS,
TTE cells in BM of NDMM failed to display the
phenotype typical of terminal effector cell
differentiation and were enriched in atypical tissue
resident CD69+, CD28+ and CD27+ subsets. They
also failed to display the expected upregulation of
CD45RA and downregulation of CD45R0O
expression. Moreover the accumulation of atypical
CD69+ TTE cells was prevalent in myeloma patients
without clonally expanded TTE cells. FlowSOM
clustering discovered 4 metaclusters (MC)
contributing to the accumulation of CD69+ TTE
cells in the BM of NDMM patients. Phenotypically,
two MC were in the memory stage based on CD27,
CD28 and CD45R0 expression and another two MC
showed evidence of progression to the effector stage
by downregulating CD27, CD28, CD45R0 and
upregulating CD45RA expression. Progression to
the effector stage was associated with
downregulation of CD38 and PD-1 expression, but

did not affect persistent TIGIT expression. V3
expanded TTE cells did not contribute to the
accumulation of CD69+ TTE cells and occupied
phenotypically different MC with low or
undetectable CD69 expression. When comparing
phenotype of VP expanded TTE cells to remaining
TTE cells, effector and memory CD8+T cells they
had higher Tbet, Perforin, Granzyme B, and lower
levels of Eomes, TIGIT and PD-1 expression
arguing against their exhaustion stage and
confirming our previous observations that they
resemble senescent cells Our results suggest that
accumulation of atypical tissue resident CD69+ TTE
cells in myeloma infiltrated BM could prevent
differentiation and expansion of clonal myeloma
specific CD8+TTE cells and ultimately contribute to
myeloma immune escape.
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Abstract:

CD38 targeting MoAbs in combination with IMiDs
induce durable responses in MM; however the
mechanisms that underlie acquired resistance to this
combination remain to be elucidated. We
interrogated the tumor microenvironment (TME) of
daratumumab & IMiDs treated patients in order
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delineate the mechanisms of resistance and identify
potential means to reinstate sensitivity. Serial BM
aspirates (n=40) were collected from patients treated
with daratumumab and/or pomalidomide prior to
initiation of therapy, C3D1 and at relapse.
Mononuclear fractions were isolated through density
gradients coupled with magnetic sorting of CD138+
cells. Unbiased mRNA profiling of BM CD138-
cells was performed by single-cell RNA-seq. Single
cell ATACseq was also performed on BM
infiltrating CD3+ T cells. Cell Ranger pipelines,
Seurat and Cicero were used for data analyses.
Significant differences were observed in the TME of
resistance (R) and sensitive (S) patients. With regard
to CD8+ T cells: 1) Effector memory cytotoxic T
cells (Tem: CD27+, CD28+, IL7TR+, GZMK+) are
significantly more expanded in S patients at baseline
and C3D1 compared to R; 2) cytotoxic T cells in R
patients are terminally exhausted (CD28-, GZMB+,
GZMH+) with high expression of the checkpoint
inhibitor LAG3; 3) chromatin accessibility
(scATACseq) and mRNA analyses showed TCF7
and GATAZ3 expression in CD27+ Tem cells, in
contrast with RUNX3, Eomes and TBX21 in
exhausted T cells. Key differences were also
observed in dendritic cells (DC). Classical type 2
DCs (cDC2) CD1C+_A & CD1C+_B (Villanil,
Science 2017) had a significantly higher expression
of MHC class Il genes in S compared to R patients.
In contrast cDC2 in R patients highly expressed
interferon response genes. cDC2 preferentially
initiate CD4+ Tconv responses in several conditions
including antitumor immunity and this cDC2-
mediated Tconv differentiation function is repressed
by Treg. TMEs with high classical type 2 dendritic
cells and low Treg (cDC2high/Treglow) are capable
of mounting a more efficient and sustained
responses to immune therapies such as checkpoint
inhibitors blockade (Binnewies, Cell 2019). Of
interest, in our cohort the ratio of cDC2/Treg was
significantly higher in S compared to R patients.
This finding, coupled with the low MHCII
expression on ¢cDC2 in R patients, clearly implicate
dysfunctional cDC2s as mediators of the tumor
tolerance seen in R patients. CD14+ monocytes type
I were significantly expanded pre-C3D1 compared
to baseline in the TME of S but not R patients.
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Similarly FCGR3A+ monocytes were more present
in the TME of S patients at baseline but were
depleted to similar levels to that of R patients pre-
C3D1. Lastly, we observed a significant depletion of
FCGR3A+ NK cells post C3D1 with retained
population of cytotoxic NK cells (CD27high,
NCR3high, PRF1+). Our study defined the TME
immune profile of anti-CD38 & IMiDs treated
patients and identified an unsuspected tolerogenic
role of type 2 classical dendritic cells
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Abstract:

Background: The intricate interactions of multiple
myeloma (MM) cells with the bone marrow (BM)
niche are key in tumor growth and chemoresistance.
Current 2D pre-clinical models fail to replicate this
interaction and are suboptimal at studying MM
biology and susceptibility to treatments.
Nevertheless, a boom in treatments have become
available with no head-to-head comparison studies
to identify the optimal combination. The purpose of
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this study is to create a 3D organoid model from
patient-derived BM aspirates to better replicate
natural conditions and study chemosensitivity and
plasma cell interaction with its microenvironment.
Methods: MM patients scheduled for BM biopsy
were consented and 3-5 ml of aspirate was collected.
Mononuclear cells from BM aspirates were assessed
for viability (>90%) and CD138+ content (>10%) to
qualify to testing. The cell pellets were resuspended
in hydrogel containing growth factor, thiol-
fibronectin, and PEGSSDA to create a bio-ink
mixture. Individual 40-50um 3D organoid constructs
were high throughput bioprinted into 48-well plates
and exposed to UV light. Each organoid contained
200,000 cells. Culture media was used to keep cells
alive and changed on day 2 and 4. The following
tests were performed at baseline and day 7: viability
with ATP quantification, immunohistochemistry,
flow-cytometry, fluorescence in situ hybridization,
chemosensitivity assays, and sell sorting using
StemPro® (only at baseline). Statistical analysis was
performed in Prism 8.0 software. The primary
objective was to bioprint 3D organoid models using
patient-derived MM cells and stroma. Secondary
objectives were to maintain cell viability long
enough to assess chemosensitivity using established
regimens. Results: Forty-five patient-derived BM
aspirate samples have been collected and used for
this study. The initial 35 samples were used to test
hydrogel compositions and culture media to
optimize organoid lifespan. A combination of GM-
CSF, IL-6, and RPMI was able to keep constructs
above 70% viability up to 7 days. Of the 10
remaining samples, 5 were used to create organoids
with 100% success rate. The remaining viable
samples were cell sorted and cryopreserved for
future testing. All but the clotted sample had the
potential to yield enough organoids for
chemosensitivity testing based on sample nucleated
cell count > 2.4 million. The number of organoids
produced from each sample ranged from 60 to 200
(median of 122). Three samples underwent
chemosensitivity testing in triplicate fashion with a
control. Live/dead cell testing showed differences
among the regimens tested. Conclusion: This is the
first 3D MM organoid model from patient-derived
samples using high throughput bioprinting. The

ability to generate durable organoids enable
chemosensitivity testing. Further studies to compare
with responses in the clinical setting are needed to
validate this model for clinical application.
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Abstract:

Background: Venetoclax (Ven) is a BCL-2 inhibitor
that induces apoptosis in multiple myeloma (MM)
cells and has shown synergistic activity with
bortezomib (B) and dexamethasone (d). Venzd had
encouraging efficacy in t(11;14) MM and in a
broader pt population administered with B, with a
tolerable safety profile in Phase 1 studies. We
present results from a Phase 3 trial of VenBd vs Bd
in relapsed/refractory (RR) MM. Methods: BELLINI
(NCT02755597) was a randomized, double-blind,
multicenter Phase 3 study of Ven or placebo (Pbo) +
Bd in pts with RRMM who received 1-3 prior
therapies and were sensitive or naive to proteasome
inhibitors (PIs). Pts were randomized 2:1 to receive
Ven 800 mg/day or Pbo + Bd. Cycles 1-8 were 21-
day with B 1.3 mg/m2 on Days 1, 4, 8, 11 + d 20 mg
onDays1,2,4,5,8,9, 11, 12. Cycles 9+ were 35-
day with B 1.3 mg/m2 on Days 1, 8, 15, 22 +d 20
mg Day 1, 2, 8, 9, 15, 16, 22, 23. The primary
endpoint was progression-free survival (PFS).
Results: As of the data cut-off of 26 Nov 2018, 291
pts were randomized, 194 to Ven and 97 to Pbo.
Median age was 66; 53% had ISS 11/111 disease; 54%
received 2 or 3 prior lines of therapy; 59% had prior
stem cell transplant; 70% had prior PI, 68% had
prior immunomodulatory drug, 41% had both; 18%
had high-risk cytogenetics; 13% were t(11;14); and
79% were BCL-2 high by immunohistochemistry.
Median PFS was 22.4 months (mo) in Ven vs 11.5
mo in Pbo (HR=0.630, p=0.01), with a median
follow-up of 18.7 mo. Higher overall response
(ORR, 82% vs 68%, p<0.01), very good partial or
better response (>*VGPR, 59% vs 36%, p<0.01) and
minimal residual disease negativity (MRD [10-5],
13% vs 1%) rates were observed in Ven vs Pbo.
Median overall survival (OS) was not reached but
favored Pbo (HR 2.027, 95% CI1=1.042-3.945).
Median PFS was not reached for t(11;14) pts
receiving VenBd (HR=0.110), or pts with high BCL-
2 expression (HR=0.502). Subgroup analyses show
that low BCL-2 expression, high-risk cytogenetics,
or ISS 111 were associated with decreased PFS and
OS in the Ven arm. There were 51 deaths in the
safety population, 40 (21%) in the Ven arm and 11
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(12%) in Pbo, with progressive disease (PD) the
most common cause (40% Ven, 64% Pbo). Among
14 treatment-emergent (TE) deaths, 13 were in the
Ven arm (8 due to infection, 2 due to PD), and 1
(PD) was in the Pbo. The most common TE adverse
events (TEAEs; VenBd/Bd) were diarrhea
(58%/48%), nausea (36%/22%), constipation
(34%/31%), and fatigue (31%/32%); most common
Grade 3/4 TEAEs were neutropenia (18%/7%),
pneumonia (16%/9%), thrombocytopenia
(15%/30%), and anemia (15%/15%); 16%/8%
discontinued Ven due to a TEAE. Serious AEs
(48%/50%) and serious infections (28%/27%) were
comparable between arms. Conclusion: Ven+Bd
significantly improved PFS, ORR, >VGPR, and
MRD negativity rates, but had an increase in deaths.
Pts with t(11;14) had consistent clinical benefit
when treated with Ven+Bd, and a biomarker-driven
approach with Ven is the most appropriate in MM
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Abstract:

Background: A.R.R.O.W. demonstrated superior
progression-free survival (PFS) with once-weekly K
(70 mg/m2)-dexamethasone (Kd70) vs twice-weekly
K (27 mg/m2)-dexamethasone (Kd27) in pts with
relapsed and refractory multiple myeloma (RRMM),
regardless of age. Weekly Kd70 is US-approved for
relapsed or refractory MM (1-3 prior therapy lines).
For a comprehensive fitness measure, frailty scales
were developed incorporating age, comorbidities,
and functional status. (Palumbo Blood 2015; Facon
Blood 2015). Here we assessed post hoc patient
outcomes by frailty status. Methods: PFS and safety
were assessed by treatment arm and a frailty
algorithm incorporating age, medical history—
derived Charlson Comorbidity Index, and ECOG
performance status; pts with frailty scores of 0, 1, or
>2 were classified as fit, intermediate (int), or frail,
respectively. PFS was assessed with the Kaplan-
Meier method. Safety was assessed in pts who
received >1 treatment dose. Results: Patient
distribution by frailty status was generally balanced
between once-weekly (QW) Kd70 and twice-weekly
(BIW) Kd27 arms, respectively (fit: 60 pts and 66
pts; int: 89 pts and 103 pts; frail: 80 pts and 61 pts).
QW Kd70 vs BIW Kd27 resulted in median PFS for
fit, int, and frail pts of 15.7 vs 5.7 mos (hazard ratio
[HR], 0.53; 95% confidence interval [CI], 0.33—
0.86), 11.1 vs 7.7 mos (HR, 0.81; 95% CI, 0.55—
1.19), and 10.3 vs 6.6 mos (HR, 0.76; 95% CI, 0.49—
1.16), respectively. Rates of grade >3 treatment-
emergent adverse events of interest were similar
between treatment arms across frailty subgroups.
One grade >3 peripheral neuropathy (PN) event was
reported in fit pts treated with BIW Kd27 while
there was no PN event in the remaining subgroups.
The grade >3 acute renal failure rates for QW Kd70
and BIW Kd27 were 0 and 5% for fit pts, 7 and 6%
for int pts, and 4 and 7% for frail pts, respectively.
The grade >3 cardiac failure rates for QW Kd70 and
BIW Kd27 were 2 and 2% for fit pts, 3 and 3% for
int pts, and 4 and 8% for frail pts, respectively. The
grade >3 ischemic heart disease rates for QW Kd70
and BIW Kd27 were 2 and 0% for fit pts, 0 and 1%
for int pts, and 0 and 2% for frail pts, respectively.

Only one grade >3 pulmonary hypertension event
was observed in frail pts treated with BIW Kd27
across the study. Conclusions: Once-weekly Kd70
resulted in PFS benefits vs twice-weekly Kd27 with
a favorable benefit-risk profile regardless of frailty
score. These results support weekly Kd70 as a
treatment option for both fit and frail patients with
RRMM. © 2019 American Society of Clinical
Oncology, Inc. Reused with permission. This
abstract was accepted and previously presented at
the 2019 ASCO Annual Meeting. All rights
reserved.
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Abstract:

BACKGROUND Results of OPTIMISMM
(NCT01734928) demonstrated significantly
improved progression-free survival (PFS) with
pomalidomide (POM), bortezomib (BORT), and
dexamethasone (DEX; PVd) vs BORT and DEX
(\d) after lenalidomide (LEN)-based therapy in
relapsed refractory multiple myeloma (RRMM) pts
(100% LEN-pretreated; 70% LEN-refractory; 1-3
prior lines of therapy [LOT]). Because LEN and
BORT are often used upfront in MM, we analyzed
the efficacy and safety of following frontline LEN %
BORT with second-line PVd or Vd.

Methods:

Eligible pts received (1:1) PVd or \Vd in 21-day
cycles (C): POM 4 mg/day, days 1-14 (PVd arm
only), bortezomib (BORT) 1.3 mg/m2, days 1, 4, 8,
and 11 C1-8 and on days 1 and 8 C9+, and DEX 20
mg/day (10 mg/day if > 75 yrs), days of and after
BORT. The primary endpoint was PFS. BORT-
refractory pts (defined as refractory to once-weekly
1.3 mg/m2 BORT or a lower dose) were included.

Results:

As of Oct 26, 2017, 226 of 559 pts enrolled had 1
prior LOT (111 PVd; 115 Vd); 59.3% had prior
BORT (67 PVd; 67 Vd) and 40.7% did not have
prior BORT (44 PVd; 48 Vd). In PVd vs Vd pts
previously treated with BORT, median age was 63
vs 64 yrs, 16.4% vs 10.4% were refractory to BORT,
and 53.7% vs 46.3% were refractory to LEN. In PVvd
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vs Vd pts without prior BORT, median age was 74
vs 70 yrs and 63.6% vs 70.8% were refractory to
LEN. After 1 prior LOT, PVd vs Vd significantly
improved PFS (median, 17.8 vs 12.0 mos; HR 0.47
[95% CI, 0.26-0.82]; P = .0068) in pts with prior
BORT. Of note, median PFS values did not change
after excluding pts refractory to BORT. In pts
without prior BORT, median PFS was 20.7 mos
with PVd vs 9.5 mos with Vd (HR 0.62 [95% CI,
0.35-1.11]; P =.1055). PVd significantly improved
ORR vs Vd: 89.6% vs 49.3% (P < .001) in pts with
prior BORT and 90.9% vs 62.5% (P = .002) in pts
without prior BORT. Rates of very good partial
response or better were 62.7% vs 16.4% and 59.1%
vs 31.3%, respectively. The safety population
included 131 pts with prior BORT (67 PVd; 64 Vd)
and 90 pts without prior BORT (44 PVd; 46 Vd).
The most common hematologic grade 3/4 treatment-
emergent AEs with PVd vs VVd were neutropenia
(44.8% vs 10.9% prior BORT, 22.7% vs 8.7% no
prior BORT) and thrombocytopenia (23.9% vs
26.6% prior BORT, 13.6% vs 13.0% no prior
BORT). Grade 3/4 infections occurred in 26.9% vs
15.6% (pneumonia 7.5% vs 4.7%) in pts with prior
BORT and 31.8% vs 15.2% (pneumonia 11.4% vs
6.5%) in pts without prior BORT. Grade 3/4
peripheral sensory neuropathy occurred in 10.4% vs
0% and 6.8% vs 8.7%, respectively.

Conclusion:

After 1 prior LOT, PVd significantly reduced the
risk of progression or death by 53% vs Vd in pts
previously treated with BORT. Second-line PVd
also significantly improved ORR, regardless of prior
BORT treatment, and led to deeper responses vs Vd.
Data demonstrate that PVd is an effective second-
line treatment in pts who previously received BORT
and LEN. The safety of PVd was consistent with the
known profiles of each agent.
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Abstract:

Background: High-risk cytogenetic abnormalities
(HR CAs) negatively impact on the prognosis of
patients (pts) with multiple myeloma (MM).

ICARIA-MM was a randomized, open-label, active-
controlled, multicenter phase 3 study that
investigated the anti-CD38 monoclonal antibody
isatuximab (Isa) in combination with pomalidomide
and dexamethasone (Pd) in pts with
relapsed/refractory MM (RRMM) who had received
>2 prior lines of therapy (NCT02990338).
Progression free survival (PFS) was significantly
improved with Isa-Pd vs Pd (11.5 vs 6.5 months;
hazard ratio [HR] 0.60 [95% confidence interval
(CI) 0.44-0.81]). This subgroup analysis of
ICARIA-MM examined efficacy in pts with HR
CAs. Methods: Pts were considered of high
cytogenetic risk if they had >1 del(17p), t(4;14), or
t(14;16) abnormalities at study entry. Cytogenetic
analysis was performed by a central laboratory using
cut-offs of 50% for del(17p), 30% for t(4;14) and
t(14;16). Isa (10 mg/kg 1V) was given on days 1, 8,
15, and 22 (cycle 1), and days 1 and 15 in
subsequent 28-day cycles. All pts received
pomalidomide 4 mg on days 1 to 21 of each cycle
and dexamethasone 40 mg (20 mg for pts >75 years
old) on days 1, 8, 15, and 22 of each cycle. The
primary endpoint was PFS in the intent to treat (ITT)
population. Results: In the ITT population, 24/154
(15.6%) pts in the Isa-Pd group and 36/153 (23.5%)
in the Pd group had >1 HR CA (high-risk pts). In the
Isa-Pd and Pd arms, respectively, there were 14 and
23 pts with del(17p); 12 and 14 pts with t(4;14), and
1 and 4 pts with t(14;16). A similar benefit of
treatment on PFS was observed for high-risk pts
(Isa-Pd 7.5 vs Pd 3.7 months; HR 0.66 [95% ClI,
0.33-1.28]) and standard-risk pts (Isa-Pd 11.6
[n=103] vs Pd 7.4 months [n=78]; HR 0.62 [95% ClI
0.42-0.93]). Among pts with del(17p) in the Isa-Pd
and Pd arms, respectively, median PFS was 9.1 and
7.4 months (HR 0.76 [95% CI 0.30-1.92]), and for
pts with t(4,14), median PFS was 7.5 and 2.8 months
(HR 0.49 [95% CI, 0.19-1.31]). Overall response
rate (ORR) in high-risk pts (Isa-Pd 50.0% vs Pd
16.7%) had an odds ratio (OR) of 5.00 (95% Cl,
1.33-19.79) compared with standard-risk pts (Isa-Pd
65.0% vs Pd 42.3%) with an OR of 2.54 (95% Cl,
1.33-4.86). Very good partial response or better in
high risk patients (Isa-Pd 29.2% vs Pd 2.8%) had an
odds ratio of 14.41 [95% ClI, 1.57-667.48])
compared with standard-risk pts (Isa-Pd 32.0% vs
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Pd 9.0%) with an OR of 4.78 [95% CI, 1.90-13.57]).
In the safety population, grade >3 treatment-
emergent adverse events were reported in 22/23
(96%) and 23/34 (68%) high-risk pts, and 88/103
(85%) and 58/76 (76%) standard-risk pts,
respectively. Few pts discontinued Isa-Pd treatment
due to adverse events (high-risk, 9%; standard-risk,
7%). Conclusion: The addition of Isa to Pd improved
PFS and ORR in pts with RRMM and benefit was
maintained among pts with high-risk cytogenetics.

Keywords:
CD38

High-risk cytogenetics
Multiple myeloma

Tracks:
Treatment of Previously Treated Myeloma

OAB-049

Efficacy and Safety of Carfilzomib-
Pomalidomide-Dexamethasone in Relapsed
and/or Refractory Multiple Myeloma: Pooled
Analysis of 2 Single Arm Studies

Authors:

Andrzej Jakubowiak?, Jagoda Jasielec?, Cara
Rosenbaum?, Robert Z. Orlowski*, Adam Cohen®,
William 1. Bensinger®, Aparna Anderson’, Tommy
Dossett®, Karim Iskander®, Khalid Mezzi®, Timothy
Welliver®, Akeem Yusuf®, Brian Durie®®

Institutions:

tUniversity of Chicago, Chicago, IL, 2University of
Chicago Medical Center, Chicago, IL, *Weill
Cornell Medical College, New York, NY, *“MD
Anderson Cancer Center, Houston, TX, *Perelman
School of Medicine at the University of
Pennsylvania, Philadelphia, PA, ®Swedish Cancer
Institute, N/A, “Statistics Collaborative, Inc.,
Washington , DC, 8Statistics Collaborative, Inc.,
Washington, DC, °’Amgen, Inc., Thousand Oaks,
CA, °Cedars-Sinai Medical Center, Los Angeles,
CA

Abstract:
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Introduction: Treatment with regimens containing
pomalidomide may be an option for patients with
relapsed and/or refractory multiple myeloma
(RRMM) progressing on or previously refractory to
lenalidomide. The triplet combination of
carfilzomib, pomalidomide and dexamethasone
(KPd) has been shown to be well-tolerated and
active in RRMM in two phase 1/2 studies
(NCT01665794 [n=65], NCT01464034 [n=118]);
however, both studies were single arm with a
relatively small number of enrolled patients. A
pooled analysis of individual patient data would
provide an overall assessment of clinical outcomes
for KPd. This meta-analysis will assess the efficacy
and safety of KPd in RRMM. Methods: Patient-level
data from two single-arm phase 1/2 studies of KPd
in RRMM were combined. Patients were treated in
28-day cycles of KPd: carfilzomib (most received
20/27 mg/m2, days 1,2,8,9,15,16), pomalidomide (4
mg, days 1-21), and dexamethasone (40 mg, days
1,8,15,+/-22. Reduced to 20 mg after cycle 4).
During maintenance phase (cycle 7+ in first trial,
cycle 9+ in second trial), carfilzomib was
administered on days 1,2,15,16. Treatment was
continued until disease progression or unacceptable
toxicity. The primary endpoint was to estimate
overall response rate (ORR) and secondary
endpoints included assessments of progression-free
survival (PFS), overall survival (OS), and safety.
Results: 183 patients were included in the analysis.
The median number of prior lines of therapy in the
pooled population was 4 (range, 1-15). ORR for the
individual studies was 77% and 70%, respectively
with a pooled rate of 73% (95% CI, 67-79). The
pooled proportion of patients who had very good
partial response or better (>VGPR) was 35% (95%
Cl, 28-42). Median OS was 29.6 months (95% Cl,
26-34), and 12 and 24-month PFS rates were 49%
and 20%, respectively in the pooled population.
ORR was 79% (95% CI, 62-96) and the rate of
>VGPR was 45% (95% CI, 25-66) in patients at
first relapse (n=22). In patients with 1-3 prior lines
of therapy (n=89), ORR was 80% (95% CI, 72-88)
and >VGPR was 40% (95% CI, 30-50). In patients
with >2 prior lines of therapy (n=160), ORR was
72% (95% ClI, 65-79) and >VGPR was 34% (95%
Cl, 26-41). ORR was 70% (95% CI, 62—77) and
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>VGPR was 30% (95% CI, 23-38) in patients with
>2 prior lines of therapy who had received both prior
lenalidomide and prior proteasome inhibitor
(n=141). Overall, 143 patients (78%) reported at
least one grade 3 or 4 treatment-emergent adverse
event (TEAE). The frequency of grade >3 TEAEs in
the pooled KPd population was consistent with that
reported for other carfilzomib containing regimens.
Conclusion: As the need for lenalidomide sparing
regimens is increasing, KPd is an important,
effective, and well-tolerated option for lenalidomide
exposed patients in both early and later relapse
settings. Future research should assess these
promising results against sound clinical benchmarks.
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Abstract:

Background: Monoclonal gammopathy of
undetermined significance (MGUS) is a common
finding in clinical practice affecting greater than 3%
of adults age 50 years or older. Despite evidence that
patients with MGUS suffer from increased fracture
risk, there are no guidelines for evaluation and/or
management of skeletal health in these patients.
Trabecular bone score (TBS), a texture index
derived from standard lumbar spine (LS) DXA
images, provides information about the underlying

trabecular bone microarchitecture independent of the
bone mineral density (BMD). We hypothesized that
patients with MGUS have a reduced trabecular
microarchitecture that would reflect in a lower TBS,
and that the latter can have implications for the
treatment of these patients in the future. Methods:
We retrospectively identified 115 adult patients
diagnosed with MGUS (cases) between 2005 and
2018 that had a lumbar spine DXA starting 24
months prior to the MGUS diagnosis. The MGUS
diagnosis was ascertained using the 2003 IMWG
criteria. A control group was identified, matched 1:1
for sex, age (x5 years) and BMI ( 2 kg/m2).
Exclusion criteria included presence of primary or
metastatic bone malignancy, multiple myeloma,
exposure to anti-resorptive or anabolic agents, or
exposure to steroids for > 3 months. TBS analysis
was performed retrospectively using TBS iNsight
v3.0 software. TBS values were categorized as low
(<1.20), intermediate (1.20 — 1.35) or normal
(>1.35). Results: Patients had a median age of 69.7
years (IQR 63.7 — 75.8; p=0.98 for cases vs.
controls) and predominantly Caucasian (96%;
n=111) men (77%; n=89) with a median BMI of
28.3 (25.5 - 32.4; p=0.92). BMD was performed
after a median of 24 months from the time of MGUS
diagnosis (0 — 68 months). Cases had significantly
higher incident fractures compared to controls (14
vs. 7, respectively, p<0.05). There was no difference
between cases and controls as to the distribution of
TBS categories (low 23 vs. 15%; intermediate 42 vs.
41%; normal 35 vs. 44%; p=0.22) or LS T-scores (-
0.30 vs +0.22, p=0.16). Although fractures occurred
in controls who had a significantly lower TBS value
(1.17 vs. 1.34 in controls with vs. without fracture,
respectively, p <0.01), this was not the case in
patients with MGUS (TBS 1.28 vs. 1.31 in cases
with vs. without fractures p=0.97). Similarly, there
was no difference in LS T-scores in cases with or
without fractures (0.29 vs. -0.4, respectively, p=0.3).
Conclusion: Despite a significantly increased risk of
fractures in patients with MGUS compared to age-,
sex- and BMI-matched controls, neither BMD nor
TBS, obtained within 2 years of MGUS diagnosis,
were able to risk stratify patients. Indeed, unlike
controls, patients with MGUS tend to fracture
despite a normal BMD and an intermediate or
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normal TBS value. More advanced non-invasive
measures of bone quality and finite element analysis
may be needed to capture this risk.
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Abstract:

Background Multiple myeloma (MM) causes lytic
bone lesions and fractures, which increase the
morbidity of MM patients. The impact of fractures
on MM survival is unclear. The aim of the study was
to evaluate the association of fractures and survival
at MM diagnosis, as well as after diagnosis, in MM
patients diagnosed in Sweden in the years 1990-
2013. Methods Patients diagnosed with MM were
identified from the Swedish Cancer Register.
Information on date of birth, MM diagnosis,
fractures, and death were collected from central
registries. Cox regression model was used to
estimate the effect of fracture at diagnosis (within 30
days before or after MM diagnosis) on survival after

17th International Myeloma Workshop, September 12-15, 2019 | 54

the time of MM diagnosis. Another Cox regression
model was used with fractures as time-dependent
variables to assess the effect of fracture after MM
diagnosis. The effect of fracture was assessed for
any fracture or a specific subtype of fracture. Either
first fracture or the first subtype of fracture was used
in the analysis. To compare the difference in the
association of fracture and survival between the two
calendar periods 1990-1999 and 2000-2013, the
interaction effect of the calendar period and fracture
was assessed in a Cox regression model. Results
were adjusted for age, sex, time of diagnosis and
previous fractures. Results A total of 14,013 patients
were diagnosed with MM during the study, thereof
1,213 (8.7%) were diagnosed with a fracture at MM
diagnosis, and 3,235 (23.1%) after diagnosis.
Patients with a fracture at diagnosis were at a
significantly increased risk of death (hazard ratio
(HR)=1.28; 95% confidence interval (CI): 1.19-
1.37). The risk of death was significantly increased
for patients that developed a fracture after the time
of MM diagnosis (2.00; 1.90-2.10), for all fractures
combined. The risk of death was significantly
increased in patients who developed all subtypes of
fractures after MM diagnosis; pathological fracture
(2.17; 2.03-2.32), vertebral fracture (1.74; 1.61-
1.87), hip fracture (1.99; 1.82-2.18), femoral fracture
(2.62; 2.32-2.98), humerus fracture (2.57; 2.31-
2.85), forearm fracture (1.24; 1.05-1.46), rib fracture
(1.52; 1.31-1.77), pelvis fracture (1.99; 1.74-2.29),
except ankle fracture (1.07; 0.79-1.44). The impact
of fractures on survival did not change significantly
between the two calendar periods 1990-1999 and
2000-2013 (0.98; 0.89-1.08). Conclusion Our large
study, including over 14,000 patients diagnosed with
MM in Sweden in the years 1990-2013, shows that
patients with a fracture at diagnosis have a 28%
higher risk of dying compared to patients without a
fracture. Furthermore, MM patients that develop a
fracture after the time of MM diagnosis are at
twofold risk of dying compared to MM patients that
do not develop a fracture, and this risk has not
decreased significantly after the introduction of more
effective treatment agents in MM. Our results stress
the importance of preventing bone disease in MM.
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Abstract:

Purpose To compare the diagnostic performance of
MRI and 18F-FDG-PET/CT in detecting bone
marrow involvement (BMI) in patients with multiple
myeloma (MM). Materials and Methods This
retrospective study was approved by our
Institutional Review Board. Two radiologists and
two nuclear medicine specialists independently and
blindly reviewed 84 pairs of MRI and PET/CT scans
obtained in 73 MM patients. Readers assessed the
presence and patterns of BMI. The best valuable
comparator (BVC) for BMI was established by a
panel review of all baseline and follow-up imaging,
biological and pathological information. Intra- and
inter-reader agreement and correlation between MRI
and PET/CT were assessed using the prevalence-
adjusted bias-adjusted kappa (k) coefficient.
Diagnostic performance of MRI and PET/CT in
detecting BMI was evaluated from ROC
characteristics. Association between imaging and
biological, pathological and clinical findings was
assessed using Wilcoxon rank-sum and chi-square
tests. Results Intra- and inter-reader agreement was
very good for MRI (k=0.90 [0.81; 1.00] and 0.88
[0.78; 0.98]). Intra- and inter-reader agreement was

substantial for PET/CT (k= 0.80 [0.69; 0.91] and
0.71 [0.56; 0.86]). The sensitivity of MRI to detect
BMI (97% [90%; 100%]) was significantly superior
to that of PET/CT (76% [64%; 85%]). The
specificity of MRI (86% [57%; 98%]) was lower
than that of PET/.CT (93% [66%; 100%]), without
reaching statistical significance. There was a strong
correlation between decisions regarding patient
management and PET/CT findings. Conclusion WB-
MRI is significantly more sensitive than PET/CT to
detect BMI in MM. Patient management is more
strongly correlated with PET/CT findings.
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Abstract:

Background: Preliminary studies of positron
emission tomography (PET) using [68Ga]-
Pentixafor, a novel radiolabelled CXCR4 ligand,
show favourable imaging characteristics in humans
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with relapsed multiple myeloma. Theranostic
applications have also been reported with evidence
of activity in advanced, treatment-refractory disease.
Little is known about the utility of this tracer as a
diagnostic tool to detect myeloma bone lesions in
newly diagnosed disease. Aim: To assess the
diagnostic performance of CXCR4 PET in a cohort
of untreated myeloma patients using whole-body
magnetic resonance imaging (WB-MRI) as the gold
standard. Methods: Newly diagnosed patients with
biopsy-proven myeloma/plasmacytoma were
enrolled prior to initiation of therapy. Simultaneous
WB-MRI (T1, T2 STIR) and [68Ga]-Pentixafor PET
were performed using the Siemens Biograph mMR
with unblinded image interpretation by two
independent assessors. Focal lesions >5mm on MRI
displaying T1 hypointensity/T2 hyperintensity, and
PET lesions with SUVmax>2.5, were classified as
positive. Lesion counts were categorised as discrete
variables of 0, 1-5, 6-20 or >20. The primary
outcome was test accuracy of CXCR4 PET
compared to MRI. Results: Ten patients were
recruited between March 2017 and March 2019,
with median age 69.5 years. ISS staging included
stage 1 (n=3), stage 2 (n=4) and stage 3 (n=2). High-
risk cytogenetics (del17p, t(4;14) or t(14:16)) were
detected in two patients. [68Ga]-Pentixafor PET
identified focal bone lesions in 7/10 patients
compared with 9/10 using WB-MRI. The one patient
with negative WB-MRI was found to have a single
bony lesion on PET. The other three discordant
cases had low-risk clinical features with few and/or
small lesions on WB-MRI. The sensitivity of
[68Ga]-Pentixafor PET was therefore 6/9 (67%). No
extramedullary lesions were detected. Mean
SUVmax for the positive PET scans was 16.2 with
good tracer uptake at pathological fracture sites and
favourable lesion-to-background characteristics. The
most avid PET study occurred in a patient with
heavy bone marrow disease and adverse
cytogenetics (17p deletion). Conclusion: [68Ga]-
Pentixafor PET identifies bone disease in a majority
of cases but underestimates lesion count compared
with WB-MRI, with sensitivity of 67% in this
patient series. PET showed concordance with WB-
MRI for all major findings, including pathological
fractures. Lesion pickup rate and SUVmax appeared
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higher in patients with high-risk clinical features.
These preliminary findings provide hypothesis-
generating data for future staging and theranostic
applications of this molecule.
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Abstract:

Purpose To investigate the capability for assessment
of treatment response for multiple myeloma patients
of a quantitative measurement of bone marrow
changes in magnetic resonance (MR) images.
Method and Materials This study evaluated the
generalizability of a new MRI biomarker in an
ongoing two-site prospective study. With IRB
approval and informed consent, 32 pairs of pre- and
post-treatment spinal MRI scan with an average
interval of 2.4+1.1 months were collected from 32
MM patients who underwent first induction therapy
in Peking University and University of Michigan in
China and USA. We developed a 3D dynamic
intensity entropy transformation (DIET) method to
transform MR signal to a voxel wise quantitative
entropy enhancement value, from which predictor
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variables were derived and combined into a DIET
response index (qERI) to assess treatment response.
We applied the DIET method to the pairs of MRI
scans of 32 patients to predict clinical outcomes.
Results Of 32 patients, in which 16 from China and
16 from USA, 19 and 16 were clinically diagnosed
as responders (PR and more than PR) and non-
responders, respectively, by using International
Myeloma Working Group Uniform Criteria (IMWG-
URC) in more than 6-months follow-up. Using a
decision threshold previously chosen with the
development set, the qERI correctly predicted 17
responders (89.47% sensitivity) and 10 non-
responders (76.92% specificity) at an AUC of 0.79.
Of 17 responders, IMWG-URC initially determined
2 as non-responders at 3-month time point and re-
assessed them as responders in 6-month follow-up.
The agreement between the DIET method and the
clinical outcome reached 0.84 with a kappa value of
0.67. Conclusion The substantial agreement between
gERI prediction and clinical outcomes demonstrated
that gERI has the potential for early assessment of
the clinical outcome of MM response, allowing
clinicians to optimize therapy of individual patients.
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Abstract:

Introduction. We have recently found that the
metabolism of multiple myeloma (MM) cells is
peculiarly characterized by high glutamine (GIn)
dependency leading to decreased levels of the amino
acid in the bone marrow (BM) plasma of patients
(Bolzoni M. et al. Blood 2016). However, the
potential impact of the MM-related alterations of
GIn metabolism on the bone microenvironment and
the development of osteolytic lesions is still
unknown. Since osteoblast suppression is the
hallmark of MM bone disease, in this study we
investigated if the low-GIn microenvironment,
imposed by MM cells, affects osteoblastogenesis.
Methods. The effect of changes in extracellular GIn
levels on osteoblast formation and activity was
checked. Several human MM (HMCLs), BM
mesenchymal stromal (hMSCs) and osteoblastic
(HOBIT and HOB-01) cell lines were used. GIn
extracellular levels were measured by a commercial
kit or mass spectrometry, and amino acid uptake was
assessed as previously described (Bianchi et al.
Neuroscience 2008). The expression of osteoblastic
markers (ALP, COL1A1 and RUNX2), ALP activity
and expression were assessed to evaluate the
osteogenic differentiation of AMSCs. Results. We
found that HMCLs consumed large amounts of GIn
(750 = 50 nmol/106 cells/day) and exhibited fast
initial uptake of the amino acid. When co-cultured
with hMSCs or osteoblasts, HMCLs accelerated the
depletion of extracellular GIn (+25%/day, compared
to monocultures of MSC/osteoblasts), promoted the
expression of GIn Syntethase (GS) by hMSCs and
hindered viability of osteoblasts but not of hMSCs.
Consistently, osteoblasts were more sensitive to Gin
depletion than hMSCs. The expression and the
activity of the GlIn transporter SNAT2 (SLC38A2)
were induced during human osteoblastogenesis,
while other transporters, such as ASCT2 and
SNAT1, were unchanged. SNAT2 induction was
also associated with the increased expression of
Glutaminase 1 (KGA, long-transcript form),
suggesting a link between higher GIn consumption
and osteogenic differentiation. Moreover, osteogenic
differentiation by hMSC was affected by limitation
of extracellular GIn. While this was suppressed in
the absence of the amino acid (a condition associated
with GS induction), the decrease of extracellular GIn
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from 0.6 mM (the average physiological BM plasma
concentration) to 0.4 mM (the average concentration
found in BM plasma of MM patients) negatively
affected the expression of osteoblastic markers as
well as of ALP activity and staining. Finally, to
further investigate the role of GS in
osteoblastogenesis we either downregulated or
upregulated GS expression in hMSC by lentivirus
vectors. Conclusions: These results suggest that GIn
addiction of MM cells and the consequent reduction
of extracellular GIn levels in the bone
microenvironment impair osteoblast differentiation
and viability and are potentially involved in the
development of bone lesions in MM.

Keywords:
Metabolic Bone Disease

microenvironment
Multiple myeloma

Tracks:
Multiple Myeloma Bone Disease

OAB-056

Transcriptional profiling of cortical bone
after mechanical loading in the
MOPC315.BM myeloma bone disease model

Authors:

Fani Ziouti®, Maximilian Rummler?, Catherine
Julien?, Regina Ebert3, Franz Jakob?, Bettina Willie?,
Franziska Jundt!

Institutions:

!Department of Internal Medicine I, Hematology
and Oncology, University Hospital of Wiirzburg,
Wiirzburg, Germany, 2Research Centre, Shriners
Hospital for Children-Canada, McGill University,
Montreal, Canada, ®Orthopedic Center for
Musculoskeletal Research, University of Wirzburg,
Wirzburg, Germany

Abstract:

Introduction Eighty percent of the newly diagnosed
patients with multiple myeloma (MM) already suffer
from MM bone disease, exhibiting osteolytic bone
destruction. Currently available therapeutics have
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not yet succeeded in regenerating eroded bone even
in the absence of active disease. We recently showed
in a mouse model for MM bone disease (MMBD)
that mechanical loading has anabolic effects and
slows disease progression and MM spread. To
identify underlying molecular events, we performed
RNA sequencing analysis of mechanically-loaded
cortical bone. We hypothesized that osteocytes as
the main mechanosensors in bone, mediate the
anabolic responses and alter the tumor
microenvironment. Methods The 8-week old female
Balb/c mice were injected in the left tibia with either
syngeneic MOPC315.BM MM cells (36 mice), PBS
(36 mice) or were not injected (18 mice). At 14 days
post injection, the left tibiae from half of the mice in
the MM and PBS groups and from all of the
noninjected mice were subjected to a single session
of compressive loading (-10N) (right tibia as
nonloaded control). The other half of the mice from
MM and PBS groups served as nonloaded controls.
Mice were sacrificed 1h, 8h or 24h following
loading (n=5-7 mice/group), total RNA was isolated
from the cortex of dissected tibiae and RNA
sequencing was performed. Differential gene
expression was analyzed using the EdgeR software
package and gene ontology (GO) enrichment
analysis was done with the Gorilla tool. Results
Comparison of all loaded and nonloaded groups at
each time point revealed two sets of genes, which
drive the early (1h after loading) and the later (8h
after loading) osteocytic response to loading in
MOPC315.BM mice. This core
mechanotranscriptome consists of already known
mechanoresponsive genes (such as Early Growth
Response 2 and Wnt Family Member 1) as well as
new factors, such as Activity-Regulated
Cytoskeleton-Associated Protein. In addition,
expression levels of genes such as Prostaglandin-
Endoperoxide Synthase 2, known as immediate
mechanoresponse genes were decreased in presence
of MM cells indicating that the tumor affects
mechanotransduction cascades. Notably, the
strongest effect of loading on this gene set is seen
eight hours after loading in MM mice while in
healthy mice similar effects could be detected as
early as one hour after loading. Further, ECM-
related genes were among the gene sets most
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downregulated by MM, revealed by GO analysis.
Changes in ECM proteins such as Collagen Type VI
Alpha 1 Chain is related to MM growth and
metastasis. Mechanical loading counter-regulated
this effect suggesting osteocytes could restore MM-
impaired bone matrix. Conclusion Using a high-
throughput approach we explored the transcriptional
response of osteocytes to tumor and mechanical
loading. We identified ECM changes after loading as
a key event that affects the metastatic potential of
MM cells.
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Abstract:

Background. Waldenstrém macroglobulinemia
(WM) is a low-grade non-Hodgkin's
lymphoplasmacytic lymphoma associated with
overproduction of monoclonal IgM protein. It is
preceded by an asymptomatic stage, called
Asymptomatic WM (AWM), whose risk of
progression to symptomatic disease is not well
defined. Methods. In the largest to date study of
AWM, we studied 439 patients with AWM at time
of diagnosis, who were diagnosed and followed up
at Dana-Farber Cancer Institute between 1992 and
2014. Results. During the 22-year study period, with
a median follow-up of 7.8 years, 317 patients
progressed to symptomatic WM (72%). IgM > 4,500
mg/dL, bone marrow lymphoplasmacytic infiltration
> 70%, B2-microglobulin > 4.0 mg/dL, and albumin
< 3.5 g/dL were all associated with a 2-year
progression risk of 60% and were identified as
independent predictors of disease progression. To
avoid discretizing these predictors based on arbitrary
thresholds, we used them in a proportional hazards
model as continuous variables instead. The model
divided the cohort into 3 distinct risk groups: a high-
risk group with a median time to progression (TTP)
of 1.8 years, an intermediate-risk group with a
median TTP of 4.8 years, and a low-risk group with
a median TTP of 9.3 years. We successfully
validated our model in two external cohorts, one
from Mayo Clinic and one from the University of
Athens, demonstrating its robustness and
generalizability. For the purposes of clinical
applicability and ease of use, we made the model
available as a web page calculator
(www.awmrisk.com). Importantly, high-risk AWM
patients were shown to have inferior disease-specific
survival (log-rank test, p = 0.029). What is more, by
combining two cohorts, we were powered to identify
wild-type (WT) MYD88 as an independent predictor
of progression (HR: 2.7, p-value <0.001). In our
cohort, all WT MY D88 patients progressed within 5
years. Conclusion. Drawing from the largest AWM
study to date, this classification system is positioned
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to inform patient monitoring and care, and for the
first time, identify high-risk asymptomatic WM
patients who may need closer follow up or benefit
from early intervention.
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Abstract:

Deletions of the long arm of chromosome 6 (del6q)
are highly recurrent in MYD88 mutated
Waldenstrom's Macroglobulinemia (WM) and
impact regulatory genes for NF-kB, BTK, BCL2,
and apoptotic signaling. Clonal del6q appear
mutually exclusive of CXCR4 and may promote
disease progression from IgM MGUS to overt WM
(Hunter et al, 2016; Guerrera et al, 2018). Here, we
aimed to explore the transcriptional impact of del6q
in multiple myeloma (MM) and compare the 6q-
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related transcriptional signatures across the two
diseases.

Methods:

We analyzed RNASeq data from 163 MM and 71
WM patients. Patient samples were isolated using
bone marrow CD138+ plasma cells from MM and
CD19+ lymphoplasmacytic cells from WM patients.
The patient cohort included 94 hyperdiploid MM
(H-MM) and 69 nonhyperdiploid MM (NH-MM)
patients, 23 (24%) and 11 (16%) of whom showing
del6q, respectively. Fifty-eight (82%) WM patients
were MYD88 mutated, 19 (33%) of whom also
carried CXCR4 mutations. Del6qg were observed in
14 and 10 of MYD88MUT CXCR4 WT and
MYD88MUT CXCR4 MUT cases, respectively. No
del6q were present in MYD88WT WM. RNASeq
data were analyzed using Bioconductor in R using
limma/voom with Camera used for gene set
enrichment based on MSigDB from the Broad
Institute.

Results:

In H-MM, 15,847 genes were differentially
expressed in the presence of del6q compared to only
105 genes in NH-MM. Interestingly, H-MM showed
a strong and unique 6g-related gene signature
characterized by downregulation of genes involved
in apoptosis, the predominant upregulation of MYC
targets, and the selective downregulation of KRAS
signaling. In addition to having a differential impact
based on MM subtype, del6q induce upregulation of
IFN-a and downregulation of TNF-a signaling in
MM patients, whereas they have the opposite
transcriptional modulation in the context of WM.
This observation indicates that, outside of the
directly impacted genes on chr6q, the downstream
signaling effects may depend heavily on the active
signaling networks and epigenomic states specific to
each disease.

Conclusion:

Our study indicated the existence of a strong and
unique transcriptional regulation induced by del6q in
H-MM patients. MM and WM showed different
del6g-related transcriptional profiles, thus
suggesting the potential cooperation of additional
and disease-specific genomic and epigenomic
events. Further efforts are warranted to clarify the
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significance and clinical implications of del6q in
MM patients.
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Abstract:

Background: The role of the oral BCL2 antagonist
venetoclax in Waldenstrom macroglobulinemia
(WM) is unknown. Immunophenotypic and genomic
sequencing studies have shown that BCL2 is highly
expressed and activated in WM cells. We initiated a
phase Il study to evaluate the safety and efficacy of
venetoclax monotherapy in previously treated
patients with WM (NCT02677324). Methods: The
study was approved by the IRB at each participating
institution, and all patients provided informed
consent. Venetoclax was given in the outpatient
setting and followed a ramp-up of 200 mg daily days
1-7, 400 mg daily days 8-14, then 800 mg daily
thereafter, for maximum of 2 years, for the first 6
patients. For the following 24 patients, venetoclax
was given at 400 mg daily days 1-7, then 800 mg
daily thereafter, for maximum of 2 years. Patients
were closely monitored for tumor lysis syndrome

(TLS) during the first 24 hours of each dose
escalation. Toxicity was graded per CTCAE v.4.03.
Response was assessed based on IWWM-6 criteria.
Results: 31 patients were enrolled. Median follow-
up time is 18 months. Median age was 66 years and
17 patients (55%) were men. Median number of
previous lines of therapy was 2 (range 1-10); 16
patients (52%) were previously exposed to BTK
inhibitors (BTKi). MYD88 L265P was detected in
all patients, and CXCR4 mutations in 17 (55%). At
baseline, median serum IgM was 3,524 mg/dl (range
642-7,970 mg/dl), median bone marrow involvement
was 40% (range 4-95%) and median hemoglobin
was 10.6 g/dl (range 6.4-13.5 mg/dl). All patients
were successfully escalated to target dose of 800 mg.
At 12 months, serum IgM declined to 1,071 mg/dI
(range 89-4,770 mg/dl), bone marrow involvement
declined to 3% (range 0-50%) and hemoglobin
increased to 13.1 g/dl (range 8.9-14.9 g/dI). At best
response, VGPR was attained in 6 patients (19%),
PR in 19 (61%), minor response in 2 (6%), stable
disease in 3 (10%) and no response in 1 (3%), for
overall response rate of 87% and major response rate
of 81%. Patients with refractory disease had lower
major response rate than patients with relapsed
disease (p=0.005). Median time to response (TTR)
was 1.9 months (95% CI 1.1-3.1 months) and was
slower in patients with prior BTKi exposure
(p<0.001). The 2-year PFS rate is 76% (95% CI 52-
89%). Refractory disease was associated with worse
2-year PFS (p=0.003). Ten patients are off therapy;
4 completed treatment protocol, 4 had disease
progression on treatment, 1 withdrew consent and 1
due to non-compliance. Grade 4 neutropenia
occurred in 5 patients. Grade 3 adverse events
included neutropenia (n=15), anemia (n=4) and
diarrhea (n=4). One instance of laboratory TLS
occurred. Venetoclax was dose reduced due to
neutropenia (n=2), fatigue (n=1), diarrhea (n=1) and
self-reduction (n=1). No IgM flare or clinical TLS
were observed, and there have been no deaths.
Conclusion: Venetoclax is a safe and effective
treatment option for patients with symptomatic,
previously treated WM.
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Abstract:

INTRODUCTION: Daratumumab (DARA) is a
high-affinity human monoclonal antibody that
specifically recognizes CD38. It has emerged as a
breakthrough targeted therapy for multiple myeloma
patients (pts). Monoclonal plasma cells in AL
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amyloidosis (AL) express CD38. We report here
updated results of a prospective multi-center, phase
2 study of DARA in AL (NCT02816476).
METHODS: This trial was planned to recruit 40 pts
with evaluable AL (dFLC > 50 mg/L) with >1 major
organ involvement, ECOG 0-2, supine blood
pressure > 100 mmHg and NT-proBNP < 8500 ng/L.
Pts should have received >1 prior therapy and should
not be in very good partial response (VGPR) or
better. DARA was infused in a standard schedule
and dose for a total of six 28-day cycles: 16 mg/kg
weekly in cycles 1-2 and every other week in cycles
3-6. Hematologic responses were measured after 1
injection of DARA, at day 1 of each cycle, at the end
of treatment visit (EOT) and every 3 months
thereafter. The main objectives were to determine
hematologic responses at EOT and Best Response
Achieved (BRA), organ responses and safety.
RESULTS: 40 pts were enrolled between 9/2016
and 4/2018 in 14 centers. The median age was 69
years (45-83). The median number of organ
involvement was 2 (1-5), 27 pts (68%) have cardiac
and 25 pts (63%) renal involvement. The median
time from diagnosis to accrual was 24.0 months
(3.5-122) with a median of 3 prior therapies (1-5):
20 pts (50%) have received melphalan, 38 pts (95%)
bortezomib, and 23 pts (58%) IMiDs. At data cut-off
(02/2019), all pts ended therapy and 34 pts received
the planned 6 cycles. Six pts discontinued therapy
earlier because of disease progression and 2 because
of an adverse event, 3 pts died while on therapy
(cardiac progression, lung cancer, cardiac arrest). All
pts are evaluable for response (at least 1 cycle) and
for safety (received 1 dose). VGPR or better was
observed in 19 pts (47.5%), and partial response
(PR) in 3 pts (7.5%). The global response rate was
65% with 22 pts in >VGPR (BRA). Responses were
rapid with 13 pts in >VGPR after a single dose of
DARA. In the responding pts, median dFLC
decrease after 1 injection was 67% (146 mg/l to 39
mg/L). Regarding organ responses, we observed 15
(60%) renal and 8 (29.5%) cardiac responses.
Concerning safety, 9 pts (22.5%) had at least one
SAE. The most common drug-related AE was
infusion reaction in 16 pts (40%), all of grade 1/2.
Overall, 215 AEs were reported in 37 pts and 18
were grade >3, all considered as non-drug related.
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Median follow-up is 22 months. Among 18 pts in
response at the EOT, at data cut-off only 5 pts
needed another line of therapy. Further data on PFS
and duration of response will be provided during the
meeting. CONCLUSIONS: Monotherapy with
DARA demonstrates encouraging efficacy in
previously treated pts with AL amyloidosis with
deep and rapid hematological responses with a good
safety profile. The Andromeda phase 3 study
comparing CyborD with or without DARA is
ongoing.
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Abstract:

Background. POEMS syndrome is a rare form of B
cell dyscrasia with multiple clinical signs including
polyneuropathy and osteocondensing bone lesions.
Vascular endothelial growth factor (VEGF) plays a
major role. Depending on bone marrow involvement
and number of sclerotic bone lesions first line
therapy should be radiation or systemic therapy, the
most effective being high dose chemotherapy with
autologous stem cell transplantation (ASCT).
Lenalidomide seems to have a particular efficacy in
this disease. We report the final results of a
prospective phase Il trial using Lenalidomide and
Dexamethasone (Len-Dex) in 50 patients (pts), 2
cycles preceding radiation or ASCT or 9 cycles
followed by 1 year Len alone in pts who cannot
receive radiation or ASCT. Methods. Newly
diagnosed or relapsing pts with POEMS syndrome
were eligible. Pts eligible to radiation or ASCT
received two 28 day cycles of Len 25 mg PO Days
1-21 and Dex 40 mg PO Days 1,8,15,22 before
radiation or intensive treatment (Group 1), the other
pts received 9 cycles of the same Len-Dex (Group 2)
and then 12 cycles of continuous low dose Len (10
mg). Len and Dex dose was tapered for pts with
renal failure or above 75 years of age or frail. All pts
had a diagnosis of POEMS syndrome according to
criteria by Dispenzieri et al (Am J Hematol
2012;87(8):80414). The primary endpoint was
evaluation of the effectiveness of Len-Dex
combination using biological responses (decrease of
monoclonal protein and VEGF level) and secondary
endpoints were clinical and particularly neurological
responses and safety. Results. Fifty pts have been
included in 19 centres, median age at inclusion was
58 (range 32-77), the median follow-up is 3.4 years
(range 0.1-6.6). Thirty-three pts were included in
group 1, with radiotherapy in 10 pts and ASCT in 23
pts; 17 pts were included in group 2. Thirty-nine pts
were in first line and 11 pts already treated. Main
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adverse events due to Len-Dex were 2 arterial
thrombotic events. No engraftment syndrome was
noted in the 22 pts treated with ASCT. To date, 4 pts
have died, 1 in the ASCT group and 3 in group 2.
PFS at 3 years is 73%, 84% in the ASCT group,
90% in the radiation group and 49% in group 2.
After 2 cycles VEGF values in serum and plasma
were normal in 15 and 21 pts, median values at
inclusion were 2316 pg/ml in serum and 382 pg/l in
plasma, after 2 cycles (n=49, post C1 in 2 pts) it was
743 pg/ml and 76 pg/ml respectively. Neurological
improvement was very rapid in some pts, based on
ONLS and 10 meters walking test assessment, 21/45
and 11/18 evaluable pts had a neurological
improvement after 2 cycles. After ASCT 1 pt
relapsed and received a second ASCT, 1 pt relapsed
after radiation, in the group 2 7 pts had a progression
after 9 cycles. Conclusion. This prospective trial of
Len-Dex combination in POEMS syndrome showed
a good tolerance , a strong efficacy on VEGF
measurement and led to rapid neurological
improvement in the majority of pts.

Keywords:
Lenalidomide

POEMS syndrome

Tracks:
Other Plasma Cell Disorders and Amyloidosis

OAB-062

Profound MRD negativity rates after
frontline tandem autologous-allogeneic stem
cell transplantation followed by bortezomib
maintenance in high-risk or young myeloma
patients

Authors:

Richard LeBlanc!, Imran Ahmad?, Rafik Terra?,
Séverine Landais?, Céline Nkoué!, Michael Sebag?,
Emilie Lemieux-Blanchard?®, Nadia Bambace!, Léa
Bernard?, Sandra Cohen?, jean-Sébastien Delisle?,
Thomas Kiss!, Silvy Lachance!, Denis-Claude Roy?,
Guy Sauvageau?, Jean Roy?

Institutions:

17th International Myeloma Workshop, September 12-15, 2019 | 64

'Hopital Maisonneuve-Rosemont, University of
Montreal, Montreal, Quebec, 2McGill University
Health Centre, Montreal, Canada, *Centre
Hospitalier de 1’University of Montreal, Montreal,
Quebec

Abstract:

Introduction: Prior studies suggest that allogeneic
(allo) stem cell transplant (SCT) can overcome high-
risk (HR) cytogenetics associated with poor outcome
in multiple myeloma (MM). Despite being the only
potentially curative therapy for MM, the use of allo
SCT remains controversial due to unacceptably high
nonrelapse mortality (NRM; 10-15%), morbid
extensive chronic graft-versus-host disease
(cGVHD; 50-80%) and high relapse rates (50-60%).
We hypothesized that bortezomib (BTZ) after allo
SCT might decrease both relapse and cGVHD in HR
disease and young MM patients (pts) who have the
greatest loss in years of life from MM. We also
sought to determine the predictive value of bone
marrow minimal residual disease (MRD) on
progression using a validated next-generation flow
cytometry protocol. Methods: A prospective phase Il
trial included newly diagnosed MM pts with an 8/8
sibling/unrelated donor who were < 65 years with
HR cytogenetics, 1SS 3, primary plasma cell
leukemia or < 50 years regardless of biologic risk.
After a BTZ-based induction and autologous SCT, a
nonmyeloablative allo SCT was performed, followed
by BTZ maintenance at 1.3 mg/m”~2 SC every 2
weeks for 1 year. Responses were assessed by
IMWG criteria. MRD was evaluated on 10x10"6
cells by flow cytometry (sensitivity > 10°-5) using
the 8-color EuroFlow protocol prior to allo SCT,
prior to BTZ and every 3 months thereafter for 2
years. Results: Thirty-nine pts (median age 54 years)
were enrolled and allotransplanted (41% had sibling
donors); 35 had received BTZ at time of datalock.
ISS 3 was found in 44% and HR cytogenetics in
65%. With a median follow-up of 30 months, NRM,
PFS and OS at 36 months were 6% (95%Cl: 1-16),
46% (26-65) and 92% (77-97), respectively. After
allo SCT, BTZ was shown to improve > CR from
64% to 77% and immunophenotypic (i) CR (defined
as stringent CR plus 2 consecutive negative MRDs)
from 28% to 61%. ldentification of < 50 MM
cells/10x10"6 bone marrow cells 6 months after
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initiation of BTZ was associated with a significantly
lower incidence of progression at 2 years (27%)
compared to > 50 MM cells (82%, p=0.0075).
Incidences of overall, moderate/severe and severe
cGVHD at 24 months were 56%, 46% and 11% with
predominance of skin, mouth and liver involvement.
Compared to 42 similarly treated historical controls
without BTZ maintenance, the overall (56% vs 83%,
p=0.002) and moderate/severe (46 vs 69%, p=0.01)
cGVHD incidences were lower in BTZ recipients.
Conclusion: Tandem auto-allo SCT followed by
BTZ maintenance results in a remarkably high rate
of iCR and could improve cure rates. BTZ following
allo SCT contributes to decrease both incidence and
severity of cGVHD. For the first time in allo SCT
recipients, we report that < 50 MM cells using an 8-
color EuroFlow protocol 6 months after initiating
BTZ is predictive of a better outcome. If confirmed,
this landmark could be used to design future
therapeutic interventions to further lessen the risk of
relapse.
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Abstract:

Introduction: Autologous stem cell transplantation
(SCT) remains a frontline standard in eligible
multiple myeloma (MM) patients (pts). Maintenance
with Lenalidomide (Len) following SCT improves
progression free survival (PFS). In del17p MM
bortezomib (Bort) pre and post transplant was shown
to improve PFS and OS. This led to the approval of
len maintenance for all pts and of bort maintenance
as an option for pts with high risk cytogenetics
(HRC) in 2014 in British Columbia. Uptake of
maintenance options was dependent on pt and
physician preference. We compare the influence of
maintenance regimen on outcome in pts with HRC
after their first SCT for MM and compared this
group to non-HRC MM pts. Methods: We identified
550 newly diagnosed MM pts in BC between
January 2012 and July 2018 who underwent bort
based induction followed by SCT with melphalan
conditioning for frontline therapy. A retrospective
chart review using our LBMT Database was used.
103 pts with HRC were identified (defined as
del17p, t(4;14), and t(14;16)). 51 pts had del17p vs
52 with non del17p HRC. Continuous data were
reported as medians with the Wilcoxon rank-sum
test used for comparison. Categorical variables were
compared using Fisher's exact test. Survival
estimates were obtained using Kaplan-Meier
method. Cox Proportional Hazards analysis was
used to assess significance. Results: Baseline
characteristics were similar between groups with a
median followup of 24 mos in HRC subgroups.
Among HRC pts 61(59%) pts did not receive
maintenance therapy, 21(20%) received len and
21(20%) pts received bort as maintenance. Pts with
HRC who received maintenance therapy post SCT
had a significantly better PFS and OS compared to
no maintenance therapy (PFS:30.2 vs 12.6 mos,
p=.001, OS:not reached (NR) vs 39.8 mos, p=0.04.
There were no statistically significant differences
between bort and len maintenance among pts with
HRC (PFS:len 30.2 vs bort:27.9 mos, p=0.9, OS
len:43.6 mos vs bort NR, p=0.7). When we
compared pts with del17p as the high risk feature vs.
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all other HRC, the results were the same with
equivalence for bort and len with both improving
PFS and OS vs no maintenance (17p:PFS:len 30.2
mos vs Bort NR, p=0.9 (len vs bort), vs none 10.5
mos) (hon 17p HRC:len NR, Bort 27.3 mos, p=0.85
(len vs bort), vs none 15.6 mos) As compared to all
pts, HRC pts on maintenance had a shorter PFS as
compared to non-HRC pts, although this was not
statistically significant (non-HRC:45.6 vs HRC:30.2
mos, p=.085) Pts with HRC who did not receive
maintenance had significantly shorter PFS (non-
HRC:27.7 vs HRC:12.6 mos, p=<.001). In the whole
group neither paraprotein response to maintenance
or normalization of the lymphocyte count predicted
PFS or OS. Conclusion: Maintenance therapy with
either Bort or Len improved both PFS and OS for
pts with HRC following SCT. Pts with del17p and
other HRC both had a benefit. Prospective studies
may be helpful to further define optimal
maintenance for HRC subsets.
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Abstract:

Background: Maintenance therapy (MT) in newly-
diagnosed, transplant-eligible multiple myeloma
(MM) is a standard of care. Comparisons of single
agent MT from distinct substance classes are not
available. The present retrospective study analyzed
post-transplant MT for 2 years with either
bortezomib (BTZ) or lenalidomide (LEN) from two
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subsequently conducted, multicenter phase 111 trials
(HD4/MMB5) of the German-speaking Myeloma
Multicenter Group (GMMG). Patients and methods:
The analysis included n=138/183 patients from the
HD4/MMS5 trials, respectively. In the HD4 trial
(German part of the HOVONG65/GMMG-HDA4 trial),
all patients were intended to receive an upfront
tandem high-dose melphalan/autologous stem cell
transplantation (HDM/ASCT) followed by BTZ MT
(1,3mg/m2 i.v. every 2 weeks) for 2 years (HD4
study arm B). Patients in the MMD5 trial received a
single HDM/ASCT and only in case of less than
near complete response (3 copies), elevated LDH
(LDH>ULN), renal impairment (RI, serum-
creatinine >2mg/dl) and age (>60 years). Analyses
on progression-free/overall survival (PFS/OS) were
carried out from start of BTZ MT (HD4) or LEN
CONS (MM5). Results: Patient cohorts were well
balanced regarding baseline characteristics. Tandem
HDM/ASCT was applied in 90.6/33.3% of patients
(p<0.001) in the HD4/MMS5 trial, respectively. Rates
of nNCR/CR prior to MT were higher in the MM5 vs.
HD4 trial (52.0 vs. 38.8%, p=0.02). The median
time on study from start of MT/CONS was 21.5/24.0
months in the HD4/MMS trial. Neither PFS (LEN
vs. BTZ, hazard ratio [HR]=0.83, p=0.18) nor OS
(HR=0.70, p=0.15) from start of BTZ MT/LEN
CONS significantly differed between the two MT
strategies. Multivariate analyses adjusted for
response status prior to start of MT (CR/NnCR vs. 1
favors BTZ) were observed according to RI (RI
no/yes: HR=0.59/2.77; interaction p [i-p]=0.008),
any adverse cytogenetics (no/yes: HR=0.41/1.62, i-
p=0.049), deletion17p (no/yes: HR=0.58/2.56; i-
p=0.018) and ISS (ISS I/1I/111: HR 0.96/0.39/1.40; i-
p=0.045). Conclusions: PFS and OS for LEN vs.
BTZ MT were not significantly different in our
cohort. Differential treatment effects for OS in
relevant disease subgroups were observed.
Randomized controlled trials comparing distinct
substance classes as MT are highly warranted to
offer risk-adapted MM therapy strategies.
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Abstract:

Backgroung. Prolonged treatments have
significantly improved survival in newly diagnosed
multiple myeloma (NDMM). Lenalidomide
(IMiDs), is currently approved in this indication, but
remains a daily treatment, although oral, and may
favor side effects in the long run. Furthermore, the
use of a proteasome inhibitor (PI) is warranted in
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certain type of MM, such as high-risk. Carfilzomib,
a second generation PI, has proved active combined
with an acceptable security profile, although its
added benefit when given continuously is unknown.
We thought to study maintenance Carfilzomib for
elderly NDMM (eNDMM). Methods. The IFM
2012-03 multicenter phase | KMP (Carfilzomib,
Melphalan, Prednisone) weekly study for eNDMM
(= 65 years old) determined the maximal tolerated
dose of weekly Carfilzomib at 70mg/m2. We focus
herein on the second part of the study with IV
Carfilzomib monotherapy given at 36mg/m2 for 13
cycles maintenance on an every 2 weeks schedule.
Results. Thirty eNDMM were recruited in IFM
2012-03. Median age is 75, with 56% R-ISS 2 or 3
and 11% high-risk cytogenetic. With K weekly from
36 to 70mg/m2, ORR s reported at 93.3%, including
46.7% >CR.; median PFS is 35.8 months and
median OS was not reached. Twenty-two (73%)
patients started K maintenance and 16 (73%)
completed it. Four patients progressed and 2 stopped
for AEs (renal amylosis, sensory neuropahty) during
the maintenance phase. At maintenance completion,
50% were >CR. From the start of maintenance, in
landmark analysis, median PFS is 28.1 months and
the estimated 36-months OS approximately 70%.
Moreover, 3 patients (14%) improved their
responses during maintenance Conclusion.
Carfilzomib monotherapy can be used safely in
maintenance for 1 year in eNDMM, including for
patients above 75 years. K maintenance may lead to
deep response rate, certainly a most relevant
prognostic factor for prolonged survival. Therefore,
Carfilzomib maintenance, characterized with a
simple administration modality, might be considered
as an alternative to Lenalidomide and integrate the
armamentarium of prolonged therapy in eNDMM.
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Abstract:

Introduction Patients with multiple myeloma (MM)
are susceptible to infections due to impaired cellular
and humoral immunity. To further investigate
humoral, and indirectly cellular,
immunocompetence, we analyzed anti-pathogen
titers and response to polyvalent vaccinations pre
and post autologous hematopoietic cell
transplantation (HCT). Patients and methods We
measured anti-pathogen titers pre, and at
approximately day 100 post, HCT and again post-
vaccination in 131 MM patients who had a first HCT
at Roswell Park (RP) from 2013-2016. Anti-
pathogen titers were quantified using commercially
available kits according to manufacturer's
instructions. Vaccinations were given against
diphtheria, tetanus, bordetella (DTap), hemophilus
influenzae type B (HIB), hepatitis A/B (hep A/B),
influenza A/B, rubella, mumps, rubeola (MMR),
meningococci (Men), polio, streptococcus
pneumoniae (Strep), varicella zoster virus (VZV).
We analyzed factors that might influence completion
of planned vaccination, and investigated conversion
of negative to positive serology to pathogens post-
HCT and vaccination. Results Of 131 patients, 59%
were >60 yrs, 55% male and 54% 1gG MM. Over
90% were mobilized with G-CSF+Plerixafor,
received melphalan 200 mg/m2 pre-HCT and had
lenalidomide-based maintenance therapy post-HCT.
Complete response rates increased from 17% pre-
HCT to 53% post-HCT. About 75% of patients had
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at least one dose of planned vaccines. There were no
significant differences in diagnostic, treatment or
response characteristics between patients who did
and did not complete vaccinations. Conversion from
negative to positive serostatus to pathogens occurred
in up to 47% of patients post-HCT and before
starting vaccines. The pathogens that patients are
most likely to encounter in community settings had
lower conversion rates post-HCT of 2% Strep, 8%
rubeola/\VZV, 9% Men, 14% HIB. However, receipt
of at least 1 dose of scheduled vaccine post-HCT
resulted in sero-conversion rates of 30% hepB, 62%
Strep, 64% hepA, 65% Men, 78-83% polio, 94%
HIB, 71-100% DTap. Most patients did not receive
the MMR and VZV vaccines as they are not
administered until 2 yrs post-HCT. Additionally,
because the Shingrix vaccine was not released until
10/2017, analysis of this vaccine is beyond the scope
of this study. No patient or disease factors predicted
sero-conversion post-HCT or vaccination.
Hypogammaglobulinemia pre-AHT was not
correlated with pre-HCT serostatus against
pathogens. Conclusion Conversion of sero-status
post-HCT and pre-vaccination suggests that HCT
can reset the immune system. Additionally,
vaccination post-HCT is effective at further
enhancing immunity to the analyzed pathogens.
Analyses are ongoing of additional factors that may
predict sero-conversion and whether sero-conversion
is associated with progression-free/overall survival.
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Abstract:

Aim: To determine the incidence and evolution of
monoclonal gammopathy of undetermined
significance (MGUS) in a cohort of patients from
Southeastern Minnesota. Methods: We identified
patients in the Mayo Clinic database who were
clinically diagnosed with MGUS or related
monoclonal gammopathy but had a prior negative
work up for monoclonal proteins as part of the
Olmsted County MGUS screening study. We
performed a sensitive mass spectrometry-based
monoclonal immunoglobulin rapid accurate mass
measurement (MiRAAM) assay on the baseline
serum sample that was interpreted as negative for
monoclonal protein in the initial screening study, as
well as the sample obtained at the time of clinical
monoclonal gammopathy diagnosis. We also
performed serum immunofixation on all baseline
samples obtained at the time of the screening study
to enable comparison of sensitivity to the miRAMM
method. We then determined the proportion of
patients who developed clinical MGUS or related
monoclonal gammopathy in whom the origin of the
monoclonal protein could be detected years prior to
the diagnosis through the sensitive miRAMM assay.
Results: In the Olmsted County screening study,
MGUS (IgM, non-IgM, or light chain types) was
detected in 738 of 17,367 identifiable persons,
resulting in a prevalence of 4.24%. Of the 16,629
persons who were negative for MGUS during the
initial screening period, a monoclonal gammopathy
was clinically diagnosed during subsequent follow
up in 300 patients, and we studied 228 persons in
whom cryopreserved serum samples from the initial
screening available for testing with the miRAMM
assay. The median time to first clinical diagnosis of
monoclonal gammopathy was 10.1 years (range 0.3-
18.4 years). In 150 of 228 persons (65.8%), a
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monoclonal protein could be detected by miRAMM
assay in the baseline sample that had been
considered negative. Only 25 of 228 samples (11%)
had a detectable monoclonal protein on
immunofixation. From the time of clinical
monoclonal gammopathy diagnosis, samples for
testing were available in 216 of the 228 persons, and
miRAMM confirmed presence of monoclonal
protein in 198 persons (91.7%). Using the sensitive
miRAMM we show that MGUS is present in 888 of
17,367 persons from the Olmsted County screening
cohort, translating into a prevalence of 5.1% among
persons 50 years of age and older. This represents
the most accurate prevalence estimate of MGUS
thus far.
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Abstract:

MRD is a powerful predictor of survival outcomes
in multiple myeloma but treatment regimens show
increasing duration and complexity for both TE and
TNE populations. For this reason, sequential
assessments are preferable to single timepoints. This
has been evaluated in the Myeloma XI trial, which
was a phase 3 trial with three potential
randomisations to determine induction therapy,
consolidation therapy and maintenance in both TE
and TNE patients. Bone marrow aspirates were
obtained after induction, post consolidation (if
given), post ASCT for TE patients and 6 months
post maintenance randomisation. MRD was assessed
using flow cytometry (minimum sensitivity
0.004%). This analysis represents a subset of 1630
samples that represent all patient groups and
therapeutic timepoints. Overall MRD-negativity
post-induction was 164/722 (22.7%). 70.1% of
patients randomised to CCRD were MRD-negative
compared to 19.6% after CTD or RCD in TE
patients and 12.7% after CTDa and 19.2% after
RCDa (p <0.001) in TNE patients. Levels of residual
disease in MRD-positive patients were lower
following CCRD induction; median 0.08% of
leucocytes (range 0.001-9.5%), compared to
medians of 0.31%, 0.23%, 0.38% and 0.42%
following CTD, RCD, CTDa and RCDa
respectively. MRD-negativity was demonstrated in
16/54 (29.7%) of patients who received bortezimib-
based consolidation following a suboptimal response
to induction. Post ASCT, 257/413 (62%) of samples
were MRD-negative, with a significant increase in
MRD-negativity rate relative to post induction seen
with CTD (59.2% vs 19.6% post induction) and
RCD (53.6% vs to 19.6% post induction). The level
of conversion from MRD-positive post induction to
MRD-negative post-ASCT was lower in the CCRD
cohort (83.3% MRD-negative post ASCT compared
to 70.1% following induction). Amongst the patients
who underwent maintenance randomisation, MRD-
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negativity was demonstrated in 238/413 (57.6%).
Conversion to MRD-negativity was seen in 32% of
MRD-positive patients on lenalidomide
maintenance, whilst those patients who became
MRD-positive during maintenance had poor
outcome. For those patients that remained MRD-
positive, lower levels of residual disease were noted
in those receiving maintenance (median 0.15% on
maintenance vs 0.39%, p=0.04). Sequential MRD
monitoring allows for the assessment of individual
components of complex myeloma therapeutic
strategies. It enables comparison of induction
regimens, possibly identifying patients that may not
require ASCT. Consolidation or maintenance
strategies can also be assessed. This data suggests a
potential future role for flow cytometric MRD
assessment in individual patient management. A full
dataset of >4000 samples and mature outcome data
will be presented at the meeting.
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Abstract:

High-dose chemotherapy and autologous stem cell
transplantation (ASCT) remains the standard-of-care
in transplant-eligible patients with multiple myeloma
(MM). Bortezomib with lenalidomide and
dexamethasone (VRD) is the most common triplet
induction regimen for patients with newly diagnosed
MM in the US. Carfilzomib with lenalidomide and
dexamethasone (KRD), however, has shown
promising efficacy and may ultimately supplant
VRD. We performed a comparative analysis of stem
cell collection yields and autograft purity after VRD
vs KRD induction. Deeper responses (VGPR or
better), including bone marrow (BM) minimal
residual disease (MRD) negativity by 10-color flow
cytometry, were higher with KRD. Pre-collection
BM cellularity, the interval from the end of
induction therapy to start of stem cell collection, and
the method of stem cell mobilization were similar
for the two cohorts. Average time to stem cell
collection completion (collection target = 10 x 106
CD34+ cells/kg) was slightly greater with KRD
(VRD 1.85 vs KRD 2.2 days), as was the fraction of
patients requiring >3 days to complete collection
(20.29% vs 39.84%, p<0.0007). Viable CD34+ cell
content (cells/uL) was significantly higher with
VRD (108.6 vs. 61.33, p=0.0002), which associated
with higher total stem cell yield after VRD (VRD
11.13 x 106 vs KRD 9.18 x 106, p=0.0245).
Collection failure was rare but higher with KRD (4
patients, 3.25%) than with VRD (1 patient, 0.8%).
Age (>70) was a common factor predictive of lower
stem cell yields for both cohorts (<60: 11.19 x 106
vs. 60-69: 9.69x106 vs. >70: 6.53 x 106, p=0.0004).
In a subset of subjects with available samples, stem
cell autograft purity/MRD negativity was higher
with KRD (82.35%) than with VRD (57.5%)
(p=0.01). For both cohorts, a greater proportion of
autografts than pre-collection BMs were MRD
negative. For patients who proceeded to transplant,
mean time to engraftment after ASCT was
comparable (VRD 9.96 vs. KRD 10.08 days).
Although patients in the KRD cohort received an
average of one additional cycle of treatment (VRD
4.9 vs. KRD 5.9), subgroup analysis of patients who
received six cycles of VRD and KRD showed
similar trends to overall study population, including
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increased stem cell MRD negativity with KRD. In
summary, KRD induces deeper clinical responses
and greater stem cell graft purity than VRD without
compromising stem cell yield or post-transplant
engraftment kinetics, despite decreased viable
CD34+ content of sample at the time of stem cell
mobilization and lower stem cell collection totals.
Longer follow-up is needed to evaluate the
progression-free and overall survival of these
patients.
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Despite the deeper level of responses that new
agents have brought to myeloma patients, some of
them will eventually relapse due to the presence of
resistant cells (minimal residual disease, MRD).
Detecting MRD-positive cases allows the
identification of patients with an increased risk of
relapse, progression or death. In this context, Next-
Generation Flow (NGF) and Next-Generation
Sequencing (NGS) have emerged as potential tools
to evaluate MRD. Because of that, we wanted to
validate a commercial NGS strategy
(LymphoTrack®), comparing it with NGF in the
context of the Spanish Myeloma Group
GEM2012MENOSE5 clinical trial
(ClinicalTrials.gov access number: NCT01916252).
For this purpose, 202 bone marrow paired samples
obtained from 101 patients at diagnosis and follow-
up (3 months after ASCT, n=83, or at the end of
induction, n=18) time points were used. For survival
analysis, we considered the 83 patients for which
MRD was evaluated after transplant; additionally, 5
patients achieving stringent complete response after
the end of induction were also considered.
Applicability of the NGS panel for clonality
assessment was high: VDJH-FR1 (83.2%), VDJH-
FR2 (79.2%), VDJH-FR3 (62.4%) and VJL-Kappa
(86.1%), providing a 100% in total, quite
comparable with that of Sanger sequencing (100/101
sequences were identified). In contrast, the
applicability for MRD evaluation was biased by the
quality of the initial sample and the concentration
step using the ethanol precipitation method. This
caused a fictitious lower sensitivity for NGS than
NGF in our study (10-4-5-10-6 versus 3-10-5-3-10-6,
respectively). MRD correlation between NGS and
NGF was high (R2=0.987). Of note, there were 13
discordant cases (4 NGF+/NGS-; 9 NGF-/NGS+),
but none of these patients have relapsed yet. By
contrast, the 21 relapsing patients in our cohort (four
of them in stringent complete response after
induction) were MRD-positive using both
methodologies. MRD-negative patients showed a
significantly better PFS rate than MRD-positive
patients (median not reached versus 55.16 months,
respectively; p<0.005). This difference was
maintained irrespectively of the response after
induction (p<0.05), thus demonstrating a significant
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advantage of MRD over conventional response for
patient stratification. When patients were compared
combining cytogenetics and MRD, we only detected
differences in PFS between high-risk and standard-
risk MRD-positive cases (p<0.001). All these
findings were similar either using NGS or NGF. In
the multivariate analysis, NGF positivity (p=0.004,
HR: 9.13, 95% CI: 2.05-40.66) was the only
independent prognostic factor of dismal PFS. In
conclusion, comparison between NGS and NGF in
this trial confirmed a major role for MRD detection
in patient prognosis, and highlighted the need for
considering MRD as a potential endpoint in more
clinical trials.
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Abstract:

Minimal residual disease (MRD) test is a promising
approach for tailoring treatment of patients with
multiple myeloma (MM). However, many questions
remain to be addressed before integrating into daily
practice. To this end, we evaluated the prognostic
value of kinetic changes of MRD status at the
sensitivity level of 10-4~10-5. In a total of 131
patients, 63.4% achieved MRD negativity (MRD-),
among which 82% occurred within 6 months, with a
median time-to-MRD- of 4 months from beginning

of induction therapy. MRD- was significantly
associated with prolonged PFS (p = 0.002), while
MRD persistence (MRD+) represents an
independent factor for poor prognosis, in terms of
PFS (univariate, p = 0.002 ; multivariate, p = 0.003,
HR =2.214, 95% CI = 1.307~3.749) or OS
(univariate, p = 0.05; multivariate, p = 0.056, HR =
2.043, 95% CI = 0.981~4.254). MRD- duration > 12
months was strongly related to prolonged survival (p
< 0.001 for both PFS and OS), in association with a
marked reduction in risk of relapse or death (for
PFS, p <0.001, HR = 0.886, 95% CI = 0.845~0.930;
for OS, p < 0.001, HR = 0.844; 95% CI =
0.768~0.928). In contrast, loss of MRD- status
(MRD reappearance) was associated with poor PFS
(p < 0.001) and OS (p = 0.003), with a median PFS
of 19 months, which was close to, if not worse than,
MRD persistence (median PFS = 20 months). In
patients carrying high-risk cytogenetic abnormalities
(HRCAS), the MRD status remained its value to
predict PFS and OS (p < 0.001 for both).
Interestingly, MRD- somehow overrode the adverse
effect of HRCA, while there was no significant
difference in both PFS and OS between MRD-
patients carrying HRCAs and MRD+ patients
without HRCAs. Treatment with the bortezomib-
based regimens as well as ASCT was associated
with increased MRD- rate (p = 0.014 and p = 0.017,
respectively). Maintenance therapy prolonged OS of
MRD- patients (p = 0.003), but not PFS (p = 0.350),
while it also improved PFS and OS of MRD+
patients. Last, 16.9%, 30.1%, and 48.2% of MRD-
patients achieved stringent CR, CR, and VGPR
respectively, suggesting that approximately half of
MRD- patients had VGPR or even PR (4.8%).
MRD- patients also exhibited better outcome than
those who achieved >= CR (PFS, p =0.002; OS, p =
0.050). In conclusion, our results support several
notions as follows: a) the MRD status is an
independent prognostic factor in MM patients,
including those carrying HRCAs; b) MRD- duration
plays an additional and rather important role in
prognostic estimation, while loss of MRD- could
serve as an early marker for disease relapse; ¢c) MRD
negativity predicts favorable prognosis of MM
patients more accurately than CR; d) MRD test
might need to be carried out when patients achieved
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>=VGPR, instead of >= CR. Together, monitoring
of MRD kinetics could not only predict prognosis
more precisely, but also be helpful to guide
treatment decision, particularly for deciding when to
start re-treatment of relapsed patients.
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Abstract:

Improved clinical outcomes for MM in the last 2
decades have been driven by therapeutics which
have limited activity in non-MM neoplasias; do not
target specific oncogenic mutations in MM cells, but
rather pathways which are critical for plasma cells
(PCs), yet dispensable for normal or malignant cells
of most other lineages. We performed genome-scale
CRISPR gene-editing studies to systematically
characterize the molecular vulnerabilities of 19 MM
cell lines and define which genes are more
pronounced and/or recurrent dependencies for MM
vs. (n=657) lines from other blood cancers and solid
tumors). We hypothesized that these studies would
"re-identify" targets of currently used "PC-selective"
anti-MM therapies and also pinpoint additional,
previously underappreciated, genes critical for MM
cells, but not other tumor types. We identified 90+
genes whose function was significantly more
essential for MM lines than other neoplasias,
including a large collection of transcription factors
(e.g. IRF4, PRDM1, MAF, NFKB1, RELB, IKZF3,
IKZF1, TCF3, CCND2, CBFB, MEF2C;
transcriptional cofactors (e.g. POU2AF1); epigenetic
regulators (e.g. EP300, DOTLL, HDACL, ARID1A,
CARML); kinases such as IKBKB and CHUK/IKKa
(both upstream of NF-xB), PIM2, IGF1R, SIK3,
STK11; genes related to endoplasmic reticulum (ER)
or Golgi function (e.g. HERPUD1, SYVNL,
UBE2J1, SEC23B); as well as BCL2 and SMAD?7.
Results for several of these genes were further
supported by in vitro studies with individual
sgRNAs for gene editing or activation; "addback"
experiments with CRISPR-resistant cCDNAs; shRNA
studies in MM lines; use of small molecule
inhibitors (e.g. against PIM kinases, CBFB,
CARMY1); and a focused in vivo CRISPR screen
with MM.1S cells implanted in mice with BM-like
scaffolds harboring a "humanized" stromal
compartment: this study examined 46 MM-
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preferential dependencies which are also essential
for MM.1S cells in vitro and observed that 41 of
these genes were also essential for MM. 1S cells in
the "humanized" BM-like in vivo system. Some
MM-preferential dependencies are essential for
subsets of leukemia or lymphoma lines, but most
have more pronounced/recurrent essentiality in MM
vs. other blood cancers. In terms of overexpression
(in high- vs. standard-risk MM; MM vs. normal
PCs; or MM vs other cancers); frequency of
mutations, DNA copy number gain or proximity to
superenhancers, most of the MM-preferential
dependencies harbor no such alterations or are not
ranked in the top 100 genes for these alterations. The
reassuring observation that MM-preferential
dependencies include prominent known targets for
therapeutics with relatively MM-selective clinical
activity (e.g. thalidomide derivatives
[IKZF1/1KZF3], proteasome inhibitors [NF-kB, ER
function] or panobinostat [HDACL]) underscores the
promising therapeutic implications of the large
number of previously underappreciated /
understudied MM-preferential dependencies
identified in our CRISPR-based functional studies.
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Abstract:

Functional genomic studies (e.g. with RNAI or
CRISPR) in multiple myeloma (MM) or beyond
have generally focused on loss-of-function (LOF)
studies. We reasoned though that important
complementary information can be obtained from
systematic gain-of-function (GOF) studies with
transcriptional activation at endogenous genomic
loci. We thus performed genome-scale CRISPR
activation studies in 4 MM lines (MML1S, KMS11,
LP1, L363) transduced with the dCas9-P65-HSF
transcriptional activation system and the Calabrese
genome-scale sgRNA library (2 pooled sub-libraries;
total of ~110,000 sgRNAs targeting promoters of
~18000 genes; initial coverage ~800-1000
cells/sgRNA). Next generation sequencing
quantified the sgRNA abundance in MM cells at
baseline and various timepoints (e.g. 2-12 weeks of
culture) and rank aggregation algorithms identified
genes with statistically significant enrichment or
depletion of their sgRNAs, reflecting positive vs.
negative, respectively, effect of GOF of these genes
on MM cell survival/proliferation. These studies
identified several positive regulators of MM cell
growth, including IRF4, IKZF3, IKZF1 and the
transcriptional co-factor POU2AF1; known
oncogenes, e.g. KRAS and MYC; NF-kappaB
pathway members (e.g. RELA); and signal
transduction regulators (e.g. IGF1R and its
downstream effectors IRS1 and AKT2): these results
were consistent with our observations that these
genes are essential in LOF CRISPR studies in 20
MM cell lines. Interestingly, we identified several
other genes which are not essential for MM cell
survival/proliferation in LOF studies, but whose
GOF stimulates MM cells, e.g. the transcription
factors POU2F2 (Oct2) and PAX2, the TRAF
interacting protein TIFA or the Toll-like receptor
TLRA4. We validated these results for several such
genes (e.g. POU2F2, POU2AF1) with individual
sgRNAs for CRISPR activation and/or cDNA
overexpression (vs. isogenic controls) in competition
experiments, cell cycle analyses and transcriptional
profiling studies. We also identified several genes
whose GOF potently suppresses MM cells, while
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their LOF has limited impact on MM cells, including
YAPL1 (reported as oncogene for solid tumors but
tumor suppressor for blood cancers); the pro-death
TNFRSF10A, TP73, CDKN1A, MXI1 (negative
regulator of c-Myc) or the pro-apoptotic Bcl2 family
member BAK1. Most positive regulators of MM cell
growth identified in this study are not among the top
50-100 genes in terms of transcriptional
overexpression (in MM vs. normal PCs; late vs.
early MM), mutation or amplification rates or
proximity to superenhancers. CRISPR activation
provide data complementary to those derived from
CRISPR LOF interventions; and allowed us to both
validate previously known genes and identify
promising new candidate regulators of MM cell
biology, including genes whose potential biologic
and therapeutic implications may not be readily
identifiable through standard analyses of the MM
genome, transcriptome, or epigenome.
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Abstract:

Introduction: Pro-survival BCL-2 family proteins are
potent inhibitors of apoptosis and are often
overexpressed in lymphoid malignancies. In
multiple myeloma (MM), BCL-2 inhibitor
Venetoclax induces cell death, particularly in
presence of t(11;14) and high BCL-2 expression.
The most prominent BCL-2 family member in MM
is MCL-1, whose expression contributes to survival
of malignant plasma cells and overexpression
correlates with poor prognosis. Amplification of
1921, the chromosome region that contains the
MCL1 locus, occurs in approximately 40% of newly
diagnosed MM, and 70% at relapse. This
chromosomal abnormality is associated with poor
disease prognosis. In this study, we investigate
whether sensitivity to the novel MCL-1-inhibitor
S63845 can be predicted using cytogenetics, thereby
focusing on amplification of 1g21. In addition, we
study the relation of MCL-1 inhibitor sensitivity
with other diagnostic characteristics, and with BCL-
2 family protein expression. Methods: In 31 human
myeloma cell lines and in bone marrow aspirates
from 47 newly diagnosed MM patients, we
measured the effect of S63845 alone, or combined
with BCL-2 inhibitor ABT-199 (Venetoclax), and
BCL-XL inhibitors A-1155463 or A-1331852, on
cell viability. Results: We demonstrate for the first
time that MM patients with 1921 amplification are
significantly more sensitive to inhibition of MCL-1
in vitro. We propose that this increased sensitivity
results from increased MCL1 expression due to
amplification of 1g21. Additionally, and
independent from 1g21 status, increased serum f2m
level and presence of renal insufficiency correlated
with increased sensitivity to MCL-1 inhibitor
treatment. Using both 1921 status and serum 2m
level, we identified a MM subset with very strong
dependence on MCL-1. Combining S63845 with
other BH3-mimetics synergistically increased
apoptosis compared to single inhibitors, and
sensitivity to inhibitor combinations was found in a
large proportion of MCL-1-independent MM.
Conclusion: Collectively, our data indicate that
amplification of 1921 identifies a poor prognosis
MM subset that is highly sensitive to MCL-1
inhibitor treatment.
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Abstract:

Introduction Amplification of the long arm of
chromosome 1 (Amp1q) is one of the few frequent
genetic alterations in Multiple myeloma (MM) and
has a confirmed adverse effect on survival. While
the region between 1921 and 1923 has been
described as a probable target of the amplification,
the actionable gene dependencies in that region have
not been explored so far. Here, we employed a large
number of in-house and publicly available CRISPR,
shRNA and drug screens, in the largest to date effort
to characterize the genetic dependencies of Amplq
MM and discover drugs that target them. Methods
To assess the genetic dependencies of Amplg MM
cell lines, we analyzed publicly available
dependency data from Dependency Map (CRISPR &
RNAI) and performed a genome-wide CRISPR

screen and a C911-corrected sShRNA screen targeting
the 1921-1g23 region. Integrative analysis of all
dependency screens was performed using a linear
model, weighed for each screen's technical quality.
In parallel, we performed two drug screens, one
utilizing the Broad Institute's Drug Repurposing
Library of over 5,000 drugs that have cleared varied
stages of clinical testing, and another with ~200
compounds guided by the Connectivity Map
(CMap), which we queried with an Amplq gene
expression signature derived from patient data.
Results Gene-set enrichment analysis of our
genome-wide screens revealed Amplg MM to be
dependent on Myc and cell cycle-related pathways,
as well as PI3K-mTOR and ubiquitin-related
pathways. Upon integration of all four dependency
screens, potential new targets for drug development
were identified, including S100A11, a gene involved
in proliferation and metastasis, and CLK2, a cell
cycle kinase involved in RNA-splicing. MCL-1 was
the main directly targetable dependency of Amplq
MM, suggesting a potential for fast clinical
translation. Two specific MCL-1 inhibitors, S63845
and AZD5991, were tested in vitro, and Amplg MM
lines were shown to be markedly more sensitive to
MCL-1 inhibition. Further linking this phenotype to
Amplg, MCL1 gene expression was shown to
increase linearly with increasing 1q copy number,
while BCL2/BCL2L1 expression decreased.
Furthermore, and in accordance with results
indicating PI3K-mTOR as a major Amplq
addiction, PI3K and VEGFR2 inhibitors were the
most common hits across both, the Drug
Repurposing and the CMap-guided drug screen.
Collectively, response to MCL-1, PI3K and
VEGFR2 inhibitors that cleared in vitro validation
allowed for distinct clustering of Amplq lines in an
unsupervised manner. Conclusion We have shown
that Amplg MM does have its own vulnerabilities
and those can be targeted through small molecule
inhibitors. This discovery has the exciting potential
to establish precision therapy for Amplq MM and
affect change in a large number of patients.
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Abstract:

Background: Recurrent chromosomal aberrations are
the main hallmark of multiple myeloma (MM). A
recent large scale genome-wide analysis has
unveiled that the co-occurrence of 17p13(del) and
1g21(amp) lesions constitute a novel high-risk
disease group. Within 17p13, lies TP53 that
maintains the genomic integrity by keeping the
double stranded DNA damage (DSB) pathway in
check. On the other hand, ADARL is a critical gene
within 1921 and we have recently reported that its
direct RNA editing mechanism on NEIL1 (base-
excision repair (BER) gene) caused defective single
stranded DNA breaks (SSB) repair, resulting in
CHKZ1 activation. With DNA damage abnormalities
being a long standing player in cancer/MM, we aim
to elucidate how p53 and NEIL1 aberrancy
(associated with 17p13(del) and 1g21(amp),
respectively) has potential collaborating role in
affecting DNA damage response and their sensitivity
to CHK1 inhibitor, and to identify novel biomarkers
for patients with the double oncogenic hits.
Methods: For clinical association, we analysed the
publicly available patient dataset, CoMMpass. For
biological studies, we synthetically and
pharmacologically inhibited CHK1 with its specific
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siRNA, CHK inhibitor (AZD7762) and ATR
inhibitor (VE821). The effects of CHK1 inhibition
were determined with standard molecular assays.
Results: We identified that MM patients with double
oncogenic hits are closely associated with genomic
instability and poorer response to standard MM
treatments. CHK1, a DNA damage marker, was
overexpressed in the double hit patients, having
close association with overall survival, suggesting
that it may be a good therapeutic target in these
patients. This was proven when AZD7762 and
VE821 showed greater efficacy against MM cell
lines with the double chromosomal lesions as
compared to single abnormality. When we further
elucidated if this was related to the aberrancy in
NEIL1 and deficiency in p53, indeed, cells with
NEIL1-editing and loss of p53 function
demonstrated increased sensitivity to ShRNA-
mediated and pharmacological inhibition of CHK1,
and the cells having both genes compromised, were
the most sensitive. There was an increased amount
of unrepaired DSB, involuntary cell cycle
progression and enhanced apoptosis. Biologically,
we identified that defective BER in NEIL1-edited
cells synergizes with CHKZ1 inhibition to render an
accumulation of unrepaired SSB that was then
converted into DSB. Coupled with inefficient DSB
repair from the loss of p53, there was a massive
build-up of DSB, overwhelming the repair
machineries, thus, resulting in eventual cell death.
Conclusion: Our data indicates that genomic
instability could serve as the Achilles heel in the
double hit patients and could thus be manipulated
for targeted treatment using the synthetic lethality
approach.
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APOBECS3B is induced by activation of DNA
damage pathway and regulates the survival
and treatment response in human multiple
myeloma
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Abstract:

Apolipoprotein B mRNA editing catalytic
polypeptide-like 3B (APOBEC3B), a DNA cytosine
deaminase causing cytosine-to-uracil (C-to-U)
deamination in single-stranded DNA, plays a
prominent role in inducing mutations in multiple
human cancers. In MM, high APOBEC3B activity is
associated with a poor prognosis and expression of
APOBECS3B is significantly up-regulated in MM
patients with t(14;16) and t(14:20). However, only
approximately 23 % of patients with high
APOBECS3B are linked to MAF/MAFB/MAFA
translocations. Here, we further studied mechanisms
modulating APOBEC3B expression and functional
consequences of molecular manipulation of
APOBEC3B in MM cells. Quantitative RT-PCR and
immunoblotting show that APOBEC3B expression
is significantly higher than other members of the
APOBECS3 gene family in MM cell lines.
APOBECS3B protein levels are also higher in the
MM cell lines with higher ongoing DNA damage
levels. Next, we examined whether DNA damage
response affects APOBEC3B expression in MM
cells. Sub-lethal doses of Melphalan (Mel) or

ionizing radiation (IR) induced APOBEC3B
transcript and protein in a dose- and time-dependent
manner in multiple MM cell lines (n > 6).
Bortezomib (btz), which at sub-lethal doses triggers
DNA damage signaling, also induced APOBEC3B
expression. Since DNA replication stress activates
the ATR/ATM pathway, we next investigated
whether these kinases mediate APOBEC3B
induction following Mel- or IR- or btz-induced DNA
replication stress. H929 and MM1S cells were
treated with Mel or IR in the presence or absence of
ATM or ATR inhibitors, following which they were
then lysed and assayed for APOBEC3B expression.
The presence of ATM or ATR inhibitors blocked
phosphorylation of H2AX induced by Mel, IR, or
btz. Importantly, inhibition of ATR or ATM
activation blocked Mel- or IR or btz-induced
APOBEC3B, indicating that replication stress
induced by Mel, IR, or btz, upregulated APOBEC3B
expression via an ATM/ATR-dependent pathway.
Next, we used gene-specific CRISPR knock out
(KO), shRNA knockdown (KD), and inducible-
shRNA KD to study the functional impact of
APOBEC3B perturbation in MM cells. Both KO and
KD of APOBEC3B decreased growth and survival
in MM cell lines (MML1S, RPMI8226, and KMS11).
Using zombie aqua and annexin V-based flow
cytometric analysis, APOBEC3B inhibition further
increased growth arrest followed by apoptosis in
these MM cells. Moreover, downregulation of
APOBEC3B enhanced resistance to pomalidomide
in RPMI18226 MM cells. These data suggest that
increased APOBEC3B levels plays an important role
in MM cell survival and drug responses. Taken
together, DNA replication stress triggered by Mel,
IR, or btz upregulates APOBEC3B expression via
ATM/ATR pathway, which in turn increases
subclonal diversity leading to drug resistance. The
role of APOBEC in disease pathogenesis and
progression, coupled with its role mediating
treatment response, suggest potential utility of
targeting APOBEC3B in novel MM therapies.
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Abstract:

Introduction: Twice-weekly KRd is approved for the
treatment of relapsed or refractory multiple myeloma
(RRMM). Previously it was shown that wKRd is
active with manageable toxicity in RRMM pts. Here
we present results from a cohort of NDMM pts who
received wKRd. Methods: NDMM pts were enrolled
regardless of transplant eligibility. Treatment was
given in 28-day (D) cycles (C) for up to 18 C.
Carfilzomib (30-min IV) was given on D1, 8, and
15; lenalidomide 25 mg on D1-21; and
dexamethasone 40 mg on D1, 8, and 15 (also D22
for C1-8). NDMM pts were initially enrolled for
treatment with carfilzomib 20/70 mg/m2 (20 mg/m2
on C1D1; 70 mg/m2 thereafter) in a dose-expansion
arm. After serious adverse events (AEs) occurred in
2 of the first 4 NDMM pts, enrollment was
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suspended. A protocol amendment specified that
NDMM pts were to be enrolled in a dose-evaluation
cohort, with a 2-step-up KRd dosing schedule (20
mg/m2 on C1D1; 56 mg/m2 on C1D8/C1D15; 70
mg/m2 thereafter) followed by a cohort safety
review committee (CSRC) meeting to evaluate dose-
limiting toxicities (DLTs) and recommend the
NDMM dose-expansion dose. After evaluation of
available DLT data, the CSRC elected to open a
NDMM dose-expansion arm with carfilzomib at
20/56 (20 mg/m2 on C1D1; 56 mg/m2 thereafter).
Treatment interruption or termination for autologous
stem cell collection and/or transplant (SCT) was
allowed after C4. Results: 51 NDMM pts enrolled
between March 2016 and October 2017, 9 initially in
the carfilzomib 70-mg/m2 NDMM dose-expansion
arm, which was discontinued when 2 serious AEs
(both thrombotic microangiopathy) occurred. Nine
pts then enrolled in the 2-step-up dose-evaluation
arm, and based on CSRC recommendations, a new
NDMM dose-expansion arm at carfilzomib 56
mg/m2 was opened. Results are presented for pts
who received weekly carfilzomib 56 mg/m2 (n=33)
with Rd. Median administered carfilzomib dose was
52.8 mg/m2. Median number of cycles pts received
carfilzomib was 7; 6 pts received carfilzomib
through C18. Twenty-five pts underwent stem cell
collection; 19 went on to autologous SCT. Pt
incidence of grade >3 treatment-emergent AEs
(TEAEs) was 60.6%. Common grade >3 TEAEs
were anemia (12.1%), hyponatremia (12.1%), and
increased ALT (9.1%). There were no fatal TEAEs.
Nine pts had a dose reduction to 45 mg/m2. Median
PFS was not reached. By C4 the overall response
rate (ORR) in the safety population (n=33) was
97.0% (very good partial response [VGPR] or better
by C4, 69.7%; complete response [CR] or better by
C4, 3.0%). Among pts who did not receive
autologous SCT (n=14), best overall responses at
any time during the study were 78.6% (>VGPR) and
50.0% (>CR); ORR was 92.9%. Conclusions: Once-
weekly KRd (carfilzomib 56 mg/m2) demonstrated
promising activity with an acceptable safety profile
in NDMM. These results merit additional evaluation
of a convenient wKRd regimen in NDMM.
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Abstract:

Background: Iberdomide (IBER) is a novel
CELMoD cereblon E3 ligase modulator with
enhanced tumoricidal and immunostimulatory
activities. Preclinically, IBER overcomes IMiD
immunomodulatory drug resistance and has synergy
with daratumumab (DARA), bortezomib (BORT),
and dexamethasone (DEX). This phase 1b/2a
multicenter, open-label, dose-escalation study
(NCT02773030) was conducted to evaluate the
maximum tolerated dose (MTD), recommended
phase 2 dose (RP2D), safety and preliminary
efficacy of IBER in combination with DEX, in
patients with relapsed/refractory multiple myeloma
(RRMM). Methods: Eligible patients had RRMM
and must have received > 2 prior regimens including

lenalidomide (LEN) and/or pomalidomide (POM),
and a proteasome inhibitor (PI). All patients had
progressed on or within 60 days of last MM therapy.
Escalating doses of IBER were given on days 1-21,
in combination with DEX 40 mg (20 mg in patients
aged > 75 years) on days 1, 8, 15, and 22, of each
28-day cycle. Dose escalation was reviewed by a
dose escalation committee. Results: As of January
2019, 58 patients had received IBER + DEX.
Median age was 64.5 years (range 33-79), and
median number of prior regimens was 5 (2—-12).
Prior therapies included autologous stem cell
transplantation (79%), LEN (100%), POM (69%),
Pls (100%), and DARA (66%). IBER dose ranged
from 0.3 to 1.2 mg; MTD/RP2D was not reached.
Median duration of therapy was 12+ weeks (range
4-109). Grade 3—4 adverse events (AESs) were
reported in 41 (72%) patients and were not related to
dose. Grade 3-4 neutropenia, thrombocytopenia,
neuropathy, and fatigue occurred in 26%, 11%, 2%,
and 0% patients, respectively. Three patients
discontinued treatment due to AEs. Clinical activity
occurred early and was observed across all dose
levels. Of the 51 efficacy-evaluable pts, 16 achieved
an overall response rate (ORR; partial response or
better), 26 a minimal response (MR) or better, and
45 achieved disease control (stable disease [SD] or
better); 20 of the 51 patients remained on treatment
(2-27+ cycles). Conclusions: IBER + DEX showed
favorable efficacy and safety in heavily pretreated
patients with RRMM who failed multiple prior
therapies. This study is ongoing, including
combinations of IBER with DARA or BORT.
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A Phase 1, First-in-Human Study of AMG
176, a Selective MCL-1 Inhibitor, in Patients
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Abstract:

Background: The antiapoptotic protein myeloid cell
leukemia sequence 1 (MCL-1) is highly expressed in
many human cancers and has been implicated in the
development of resistance to anti-cancer therapy.
AMG 176 is a novel, selective, small molecule
MCL-1 inhibitor. Here we report preliminary results
from a phase 1, first-in-human trial to evaluate the
safety, tolerability, pharmacokinetics (PK),
pharmacodynamics, and efficacy of AMG 176 in
relapsed or refractory multiple myeloma (RRMM).
Methods: This is an ongoing phase 1, dose-
escalation study conducted at sites in the USA,
Germany, Australia, and Canada. Patients > 18 years
old with RRMM (> 2 lines of prior therapy) received
intravenous AMG 176. Primary endpoints included
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safety, tolerability, and PK of AMG 176; secondary
endpoints included pharmacodynamic evaluation of
MCL-1 inactivation and multiple myeloma response
assessment. Treatment continued until intolerance,
progression, death, or consent withdrawal. Results:
At the data cutoff date (March 15, 2019), 26 RRMM
patients had received AMG 176 (median age, 63.5
years). Patients had a median of 5 prior lines of
therapy, and 20 patients (77%) received > 5 prior
therapy lines. Patients received a median (range) of
2 (1-8) cycles of study treatment. Most patients
discontinued treatment due to progressive disease (n
= 22 [85%]). Treatment-emergent adverse events
(TEAES) of any grade occurred in 25 patients (96%);
common TEAES (> 20%) were neutropenia (n = 10
[38%]), nausea (n = 8 [31%)]), diarrhea (n=7
[27%]), and anemia (n = 6 [23%]). Grade > 3
TEAESs occurred in 16 patients (62%); common
grade > 3 TEAESs (> 5%) were neutropenia (n =9
[35%]), anemia (n = 4 [15%]), and hypertension (n =
2 [8%]). Treatment-related AEs of any grade or
grade > 3 occurred in 18 patients (69%) and 7
patients (27%), respectively. Fatal AEs occurred in 2
patients (tumor lysis syndrome [related to study
treatment] and hepatic failure [related to disease
progression]). AMG 176 plasma concentrations
generally increased with increasing doses, and no
appreciable drug accumulation was observed across
the dose range evaluated. Evidence of
pharmacodynamic impact was observed through
release of pro-apoptotic protein Bax and activation
of the effector caspase 3 in peripheral blood
monocytes, and a subsequent reduction in monocyte
counts. At the time of this analysis, 11 patients had
stable disease as best overall response. Data reported
here are preliminary and a maximum tolerated dose
has not yet been reached; updated results will be
provided at the meeting. Conclusions: Initial results
from this first-in-human study suggest that the
MCL-1 inhibitor AMG 176 may have acceptable
tolerability in RRMM, with toxicity predominantly
hematologic and gastrointestinal. Early evidence of
pharmacodynamic activity was suggested by
biomarker analyses. Further investigation of the
safety profile and efficacy of AMG 176 is ongoing.
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Abstract:

AMG 701 is an anti-BCMA BIiTE® with
characteristics suitable for once-weekly dosing in
multiple myeloma (MM) patients. We here
evaluated AMG 701-mediated (i) T cell-dependent
cellular cytotoxicity (TDCC) of MM cells with or
without MM-supporting cells from the bone marrow
(BM) microenvironment, (ii) changes in T cells and
(iii) TDCC in combination with immunomodulatory
drugs (IMiDs). AMG 701 induced TDCC of (i)
BCMA+ MM cells resistant or sensitive to current
anti-MM agents including bortezomib (PIs) and
IMIDs, (ii) lenalidomide (len)- and pomalidomide

(pom)-resistant MM cells in the presence of
osteoclasts (OCs), BM stromal cells (BMSCs), or a
proliferation-inducing ligand (100 ng/ml).
Significantly, AMG 701 induced lysis of autologous
patient MM cells from relapse and refractory
patients. AMG 701-mediated TDCC caused changes
in T cells, including CD107a degranulation, IFNy
and TNFa production, and proliferation in a higher
percentage of CD8+ than CD4+ T cells. Transient
expression of immune checkpoint markers and
costimulatory markers on CD4+ and CD8+ T cells
suggests that AMG 701 induced activation rather
than exhaustion of T cells. The percentage of central
memory (CM) and effector memory (EM) T cells
was increased consistently after AMG 701 treatment
(median % of CM+EM on CD4+ T cells: 74.8%
(d1), 82.5% (d5), and 91.5% (d8), p<0.01; median %
of CM+EM on CD8+ T cells: 54.4% (d1), 83.6%
(d5), and 91.1% (d8), p<0.001). In parallel, the
ratios of CD8+/CD4+ T cells were significantly
increased by 1.21 to 3.48-fold at d1 to d5 (p<0.001)
and 1.97 to 8.64-fold at d1 to d8 (p<0.001).
Pretreatment of effector PBMC cells with either len
or pom enhanced AMG 701-induced TDCC of MM
cells at earlier time points, lower E/T ratios, lower
AMG 701 concentrations and in the presence of OCs
or BMSCs. Importantly, enhanced killing by
combination treatment vs single agent was seen
when autologous patient MM cells were used. The
combination index of < 1 further indicated
synergistic effects. In an NCI-H929 xenograft
model, AMG 701, dose-dependently, blocked tumor
growth 5d after the first injection and completely
eradicated tumor growth after 3 injections at all dose
levels (0.02, 0.2, 2 mg/kg), without drug-related
adverse effects in the host. Next, mice were treated,
from d15 until end of study, with (i) len once daily,
(i) AMG 701 once weekly or (iii) a combination of
len and AMG 701. Statistically significant anti-
tumor activity (p<0.001; Tukey's multiple
comparison) was observed at 2d after treatment with
AMG 701, len or combination while monotherapy
treatment of AMG 701 or len resulted in tumor
growth delay. Importantly, combination of AMG
701 and len resulted in significantly superior
antitumor activity compared to either monotherapy,
inducing tumor regression and prevention of relapse.
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Taken together, these results further support AMG
701-based clinical studies, as monotherapy
(NCT03287908) or in combination with IMiDs, to
improve patient outcome in MM.
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Abstract:

Background: B-cell maturation antigen (BCMA)-
specific chimeric antigen receptor (CAR) T cells
(CTO053) are autologous T cells genetically modified
with a second-generation CAR incorporating a fully
human anti-BCMA single chain fragment variant, a
4-1BB co-stimulatory domain and a CD3-zeta
signaling domain. CT053 was studied in a single-
arm, open-label, 3-site phase I study
(NCT03716856, NCT03302403, and
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NCT03380039). Methods: Patients with
relapsed/refractory multiple myeloma (rrMM) who
received at least 2 prior lines of therapies and
between 18-79 years of age, received 1 single
CTO053 infusion after fludarabine/cyclophosphamide
treatment. The primary objective was safety.
Adverse Event (AE) was graded per CTCAE 4.0.
Tumor response was assessed per IMWG 2016.
Results: A total of 24 consecutive patients (7 from
NCT03302403, 6 from NCT03380039, and 11 from
NCT03716856) (median age of 62.2 years, median
of 4.5 prior lines of therapy, 11/24 with
extramedullary diseases, 16/24 with ECOG 0-1, 6/24
with ECOG 2, and 2/24 with ECOG 3) were
administered with a dose of 1.5 x 10E8 CTO053 cells
except 3 patients who received 0.5 x 10E8, 1 x
10ES8, and 1.8 x 10ES cells, respectively. The data
cutoff date was February 28, 2019. Hematologic
toxic effects were the most common events of grade
(G) 3 or higher, including white blood cell count
decreased (95.8%), neutrophil count decreased
(87.5%), lymphocyte count decreased (79.2%) and
thrombocytopenia (66.7%). 1 subject died of bone
marrow failure and neutropenic infection. A total of
15 patients (62.5%) had cytokine release syndrome
(all G1/2). 3 patients (12.5%) had neurotoxicity (2
G1, 1 reversible G3). The objective response rate
was 87.5% (21/24) including 17 patients (70.8%)
with complete responses (CR). Higher CAR T-cell
expansion was associated with better responses, and
the longest CAR T cells persisted more than 1 year
after the infusion. Extramedullary diseases were
associated with relapse. 16 patients were still in
CR/very good partial response after a median
follow-up of 295 days. Conclusion: This study
demonstrated that CT053 had an excellent efficacy
and a good safety profile in patients with rrMM.
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Abstract:

Introduction: The nuclear export protein Exportin 1
(XPO1) is overexpressed in a wide variety of
cancers including multiple myeloma. Selinexor
(SEL) is a novel, first-in-class selective inhibitor of
nuclear export (SINE), which blocks XPO1, forcing
the nuclear retention and activation of tumor
suppressor proteins. SEL in combination with
dexamethasone (DEX) has demonstrated an overall
response rate (ORR) of 26.2% in patients (pts) with
triple class refractory MM. Lenalidomide (LEN) in

combination with DEX is approved for the treatment
of RRMM with an overall response rate (ORR) of
60-76%. The combination of SEL and LEN showed
at least additive activity in preclinical models of
MM. We therefore hypothesized that the all oral
combination of SEL/LEN/DEX may result in
improved response rates. Methods: We conducted a
multicenter, open-label study with dose escalation
(phase 1) and expansion (phase 2) to assess the
maximum tolerated dose, recommended phase 2
dose (RP2D), efficacy and safety of the combination
of SEL, LEN, and DEX (SRd) in pts with RRMM.
Pts were eligible if they had received > 1 prior
therapy. SEL was dosed escalated in two regimens:
once weekly (QW) 80 mg and twice weekly (BIW)
60 mg plus LEN 25 mg once daily (QD x 21 days)
and DEX 20 mg BIW or 40 mg QW each week. In
the expansion phase, pts received the RP2D of QW
SEL 60 mg plus DEX 40 mg, and QD LEN 25 mg.
Enrollment in the study is now complete. Results: A
total of 24 pts were enrolled. The median age was 67
(range: 49-84 years) and median number of prior
treatments was 1 (range: 1-8). Of the 24 pts, 13 pts
received the RP2D. Common treatment related
adverse events (AEs) which were typically grade 1/2
and reversible, included nausea (58%), decreased
appetite (42%), fatigue (38%), decreased weight
(38%), vomiting (33%), constipation (25%), and
diarrhea (25%). Common grade >3 AEs were
thrombocytopenia and neutropenia (63% each). Of
24 pts, 2 pts (8%) discontinued treatment due to
related AEs. Twenty pts were evaluable for
response. Among pts without prior LEN treatment
(n=12, median number of prior treatments 1 [range:
1-5], the ORR was 92% including 1 complete
response, 2 very good partial responses, 8 partial
responses [PR], and 1 stable disease [SD]). Among
pts with prior LEN treatment (n=8), 1 PR, 2 minimal
responses, 4 SD and 1 progressive disease were
observed. With a median follow up of 7.8 months,
median PFS was 10.3 months overall; median PFS
had not been reached in pts without prior LEN
treatment compared with 2.8 months in pts with
prior LEN treatment, including LEN-refractory
disease. Conclusions: With an ORR of 92%, the all
oral combination of SRd has significant activity in
pts with RRMM who have not received prior LEN.
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No new or unexpected safety signals were observed.
This study demonstrated that SEL can be combined
safely with LEN and DEX to produce durable
responses warranting further investigation,
especially in pts without prior LEN treatment.
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Abstract:

More than ever, there is an urgent need for a deeper
understanding of the clinical, molecular and
immunologic parameters involved in multiple
myeloma (MM) disease initiation, progression and
response to treatment. Such rich information,
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collected at the population level, is crucial to
generate the evidence needed to ultimately make
Precision Medicine a reality for all multiple
myeloma patients. To this end the Multiple
Myeloma Research Foundation (MMRF) has
launched the MMRF CureCloud Research Initiative
(NCT03657251), an Institutional Review Board
(IRB) approved Direct-to-Patient (DTP) research
effort aimed at enrolling 5,000 individuals from
whom comprehensive molecular and immune
analyses will be generated from blood specimens
and the resulting data aggregated with the
correlating clinical information. Blood is collected
from all participants after electronic online
consenting via a mailed blood kit designed for a
mobile phlebotomy appointment. To support the
molecular characterization of liquid biopsies, a MM-
specific hybrid selection panel was developed that
captures commonly altered genes in a patient's
circulating-free DNA (cfDNA). Deep sequencing
(80,000x depth) is performed. Because this liquid
biopsy cfDNA assay may potentially be used by
treating physicians for management of care, a
clinical-grade (CLIA) pipeline is being established.
A suite of immune profiling assays is also employed
to characterize the MM blood microenvironment.
Samples and derivatives generated through the
CureCloud Research Initiative are banked to
establish a rich collection of biospecimens for future
research under the oversight of a Steering
Committee created for this effort. Through the
consenting process, participants also authorize
linkage to their electronic medical records (EMRS)
information. EMR retrieval on behalf of the
consenting patient and data abstraction for use in the
CureCloud Research Initiative is performed by a
commercial partner. An important deliverable of the
MMREF CureCloud Research Initiative is a curated
dataset of integrated genomic, immune and
correlating clinical data that will be made available
to support scientific investigations through the
MMRF CureCloud, a cloud-based platform with
tools and capabilities for the seamless aggregation,
integration and analysis of large collections of
myeloma datasets. Truly making patients active
participants in the research is also an important focus
of the CureCloud Research Initiative. To that end,
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participants will regularly receive messages
alternating between newsletters and invitation to
engage in new educational modules and surveys. At
the time of abstract submission, 65 participants have
been enrolled onto the CureCloud Research
Initiative in pilot mode and initial results will be
presented. By creating a next-gen DTP real-world
registry of fully linked datasets, new, not previously
possible, types of queries will be enabled to improve
MM patient treatments and outcomes.
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Abstract:

Aberrations of chromosome X are reported as less
common abnormalities in patients with multiple
myeloma (MM). Genetic studies revealed
monosomy X in women, deletions of Xp and
duplications of Xq27-Xq28 region, which seems to
be translocated to unidentified autosomes. Patients
with partial alternations of chromosome X have a
higher incidence of structural chromosomal changes
and tendency to a worse outcome, compared to
complete losses of the whole chromosome. Genes

for cancer testis antigens (CTAs), namely MAGE-
C1/CT7 and MAGE-C2/CT10, are localized in
duplicated region Xq27-Xq28.These genes represent
family of tumor antigens expressed in MM,
melanomas and several other tumours, whereas their
expression in normal tissues is restricted to placenta
and testis. The aims of the present study were to
analyze aberrations of chromosome X in a cohort of
80 patients with active MM using array comparative
genomic hybdridization (arrayCGH) (Agilent,
Technologies, Santa Clara, CA) and to correlate
these results with immunohistochemical analysis of
MAGE C1/CT7 expression (MAGE-C1-CT-33,
Santa Cruz biotechnology, Santa Cruz).
Abnormalities of chromosome X were found in
29/52 (56 %) female patients: monosomy X (partial
or whole chromosome) was found in 23/52 (44 %)
patients, gain of Xq in 4/52 (7.7%) and loss of
heterozygozity (LOH) of Xq in 2 female patients.
Duplication of Xq (consistently involving Xq27-
Xq28) was detected in 14/28 (46 %) male patients.
Expression of MAGE-C1/CT7 was detected in the
nucleus and in the cytoplasm in all women with Xq
gain and 11/14 (79 %) male and in female with
partial monosomy X and LOH of Xq. Expression of
MAGE-C1/CT7 has not been found in females with
whole monosomy X. Our results show, that
abnormalities of chromosome X and MAGE-
C1/CT7 expression are much more frequent events
in MM than previously reported. It seems that they
are promising myeloma associated aberrations
suggesting possible pathogenic role in the evolution
of MM. This work was supported by grant

IGA_LF 2019 001, MZ CR — RVO (FNOI,
00098892).
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Abstract:

The genetic and transcriptional program of multiple
myeloma is being studied in unprecedented detail
leading to the identification of molecular markers of
poor prognosis. However, there remains a significant
gap between prospective identification of high-risk
patients and our ability to determine all patients that
experience poor outcomes. In contrast to genetic
mechanisms, epigenetic alterations in myeloma have
been less studied, but have significant potential as a
translatable biomarker. Here, we analyzed the DNA
methylome of 120 myeloma specimens from the
MMRF CoMMpass study (NCT01454297) by whole
genome bisulfite sequencing generating data at
21,393,650 CpG loci. Compared to plasma cells
from healthy individuals that had an average
methylation level of 64%, myeloma exhibited
extensive genomic hypomethylation such that the
median level was 42% (range 21-67%). This 3-fold
range in methylation level was investigated by
principle component analysis. The largest
component of variation corresponded with
hypomethylation that occurred in megabase
domains, which were devoid of gene expression. In
contrast, DNA methylation was retained in the
bodies of expressed genes. Principle components 2
and 3 separated samples with t(4;14) translocations
from others. This may be due to overexpression of
WHSC1 driving excessive histone 3 lysine 36 di-
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methylation (H3K36me2), which in turn impacts the
function of PWWP-domain containing DNA
methyltransferases (DNMT3A, DNMT3B). Given
the variability observed in the myeloma methylome,
we sought to understand if these information provide
prognostic value. Analysis of 87 specimens from
newly diagnosed patients identified 7,266 loci where
DNA methylation status was prognostic of outcome
(FDR <0.01). These prognostic loci were clustered
into contiguous regions often organized around
genes and could be used to stratify patients by
progression-free and overall survival (P <le-7;
hazard ratio >8). Importantly, the prognostic value
of these CpG were independent of t(4;14) status,
which is a known high-risk marker. Analysis of 24
relapse specimens from 22 patients indicated
epigenetic remodeling with a median of 1.9 million
differential methylated CpGs upon relapse. These,
however, were asymmetrically distributed such that
approximately 1 in 3 patients underwent dramatic
DNA methylation reprogramming upon relapse.
These relapse/refractory DNA methylation changes
included hypomethylation of loci that were also
prognostic of outcome in baseline specimens
including regions proximal to PRKCE, MGMT,
FHIT, WWOX, and HDAC9. Cumulatively, these
data identify myeloma epigenetic markers of
outcome that undergo reprogramming in relapsed
samples suggesting they may be indicative of
therapeutic resistance.
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Abstract:

Multiple myeloma (MM) newly diagnosed patients
have a wide range of prognoses, which are
traditionally been defined by key translocations and
microarray-based gene expression profiling (GEP).
In diseases that can differ greatly in prognosis based
on initiating genomic events, such as MM, GEP is
reliably used to establish risk. Several prognostic
scores based on microarray data have been
developed to identify high-risk MM patients, which
include EMC-92, GEP-70, GEP-17, GEP-80, IFM-
15, MRC-1X-6, and GPI-50. Microarrays are
inexpensive and give consistently reproducible
results, but with the wide adoption of next-
generation sequencing, reduced costs, and improved
algorithms, RNA-Seq is long overdue to replace
microarrays. The goal of this study was to show the
efficacy of replacing microarray expression data
with RNA-Seq data in well-established MM
prognostic risk-scores. We took 167 MM samples
that had both RNA-Seq and microarray data and
recapitulated each of the prognostic scores.
Microarray probes used in each of the signatures
were mapped back to genes. In many instances there
was not a one-to-one conversion and resulted in
fewer genes in the corresponding RNA-Seq score.
The new cutoff was achieved in two-ways: 1) we
ranked the samples by risk score and empirically
determine the best RNA-Seq cutoff, and 2) using the
running log rank tests on progression free survival
(PFS) and overall survival (OS) separately in the
training set and identify optimal cutoffs. The
agreement between the calls generated with
microarray and RNA-Seq take the microarray based
call as being the truth set. GEP70 risk scores from
RNA-Seq correlated with the Microarray risk scores
with an R-squared value of 0.854. Sensitivity and
specificity of the RNA-Seq risk scores had values of
0.83 and 0.93 respectively. The RNA-Seq based

scores were validated on the CoMMpass dataset of
615 MM samples with RNA-Seq data with
corresponding clinical data. RNA-Seq GEP70 scores
classified 30% of the patients in the validation
dataset as high-risk. Survival analysis showed that
the RNA-Seq based scores was able to classifying
samples as high-risk as demonstrated with a
significant difference in PFS and OS in the
validation dataset (p-value<0.001, p-value=0.002). It
is extremely important to accurately identify high-
risk patients early so that they can receive the most
aggressive treatment and enter into appropriate
clinical trials. This preliminary work demonstrated
that with adjusted cutoffs, RNA-Seq expression data
can be used in place of microarray data to classify
patients as either high-risk or low-risk using
established clinically relevant risk signatures.
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Abstract:

Fluorescence in situ hybridization (FISH) is
currently the gold-standard assay utilized to detect
recurrent genomic abnormalities of prognostic
significance in multiple myeloma (MM). High-risk
abnormalities include IgH translocations t(4;14),
t(14,16), t(14;20),TP53 deletions and 1q
duplications, while standard-risk abnormalities
include hyperdiploidy, t(11;14) and t(6;14). MYC
rearrangements are associated with disease
progression. Since most translocations in MM
involve a position effect with heterogeneous
breakpoints, we hypothesize that FISH has the
potential to miss translocations involving these gene
regions. We evaluated 70 bone marrow samples
from patients with plasma cell dyscrasia by FISH
and whole-genome mate-pair sequencing (MPseq) to
determine the accuracy of FISH to MPseq. For each
primary and secondary abnormality that was
identified by either MPseq or FISH, 39 (55.7%) of
cases displayed concordance between FISH and
MPseq. Thirty one (44.3%) of cases displayed at
least one instance of discordance between FISH and
MPseq. Nine of these 31 discordant cases had
abnormalities detected by FISH that went undetected
by MPseq. Of these nine cases, 6 had a tetraploid
clone that was not detectable by MPseq and in three
cases MPseq failed to detect CNAs that were
identified by FISH (trisomy 3, trisomy 9 and 1q
gain). In contrast, 19 of the 31 discordant cases had
abnormalities detected by MPseq that went
undetected by FISH. Of these 19 cases, 17 were
MY C rearrangements and two were 17p deletions
and translocations involving the TP53 gene. MPseq
identified 36 MY C abnormalities, 17 (47.2% of
MY C abnormal group) of which displayed a false
negative result by FISH. MPseq also identified 10
cases (14.3%) with IgL rearrangements, a recent
marker of poor outcome, and 10 cases (14.3%) with
abnormalities in genes associated with lenalidomide
resistance (CRBN, IKZF1 and IKZF3) that are not
evaluated by FISH. In summary, MPseq was
superior in the characterization of rearrangement
complexity and identification of secondary
abnormalities. In addition, MPseq resolved atypical
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FISH findings and identified novel abnormalities of
prognostic significance not targeted by traditional
FISH panels, thus demonstrating increased clinical
value of MPseq compared to FISH.
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Abstract:
INTRODUCTION AND AIMS In Multiple
myeloma (MM) no treatment has a curative potential
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and even complete response to proteasome inhibitors
(PIs) and immunomodulatory agents (IMiDs) are
followed by relapse over time. Next generation
sequencing (NGS) has showed how MM at
diagnosis is defined by several somatic mutations,
but only few drivers, even fewer "druggable”
mutations, and many found at a subclonal level. At
relapse, NGS can inform on cases where drug
resistance is mediated by mutations of drug targets
or by activation of alternative oncogenic pathways.
The aim of this study is therefore to provide a better
understanding of the genomic and transcriptomic
determinants of chemoresistance in MM.
MATERIALS AND METHODS We selected 40
MM patients with refractory or relapsed-and-
refractory disease to both lenalidomide and
bortezomib. Whole exome sequencing was
performed in all of them and RNAseq in 27/40.
Clinical annotation was available for all patients.
RESULTS Patients received a median of 3 lines of
treatment, with median progression free survival of
182 days. We found more mutations than what
reported at diagnosis. 100% of samples showed
evidence of subclonality, and 37% of them exhibited
a higher number of subclonal than clonal variants.
Therefore, even at this advanced stage the MM
genome is evolving and is composed of different
subclones that may display different
chemosensitivity. The mutational landscape was also
different. TP53 was the most frequently inactivated
gene: 17/40 patients showed mutations and/or
deletions (35,3% and 64,7%, respectively). On the
contrary, mutations of the genes associated with
resistance to IMiDs and PIs were rare and always
found at a subclonal level, e.g. CRBN was mutated
in 1/40 and IKZF3 in 2/40. Refractory cases were
also uniquely characterized by a novel signature
described to be linked to exposure to alkylating
agents, whose role in chemoresistance and disease
progression remains to be elucidated. RNAseq
analysis did not show any influence of treatment or
mutational data on the clustering of samples, which
was mainly influenced by karyotypic events. The
main cluster was composed by non-hyperdiploid
patients with both amp(1q) and del(13): these
showed CCND2 and MCL1 upregulation, the latter
representing a novel target of experimental

treatments. Overall, classical high-risk features or
CRBN pathway mutations were found in 83% of the
cohort. However, none predicted survival in our
cohort. DISCUSSION In double-refractory MM we
describe a higher prevalence of high-risk features.
Their lack of prognostic value is likely explained by
a global prevalence of such features in late stages.
Our data suggest that gene mutation is not a
preferred mode of evolution of drug resistance in
MM. Chemoresistance of the bulk tumor population
is likely attained though differential, yet converging
evolution of different subclones that are overall
highly variable from patient to patient and within the
same patient.
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Abstract:

Smoldering myeloma (SMM) is an asymptomatic
plasma cell disorder, distinguished from monoclonal
gammopathy of undetermined significance (MGUS)
by a much higher risk of progression to symptomatic
multiple myeloma (MM). We postulated that a better
understanding of the molecular makeup of SMM
may help identify new risk factors for progression
that may be used to define new inception strategies.
Sequential samples from 9 SMM patients (9 controls
and 54 tumors) with a median follow-up of 7 years
(range: 3.5 to 12.8 years) were analysed. DNA was
obtained from either CD138+ cells from the bone
marrow of SMM patients through time (tumor) or
from non-tumor cells from the same patient
(control). 100 ng of DNA was fragmented, end-
repaired, and adapters ligated, before hybridization
using NimbleGen's MedExome with an additional
capture for the IGH, IGK, IGL, and MYC loci. After
PCR amplification hybridized libraries were
sequenced on a NextSeq500 (Illumina) using 75 bp
paired end reads. The median coverage was 93X
(IQR 86-105) and 100x (IQR 95-103) for tumors
and controls, respectively. The number of mutations
per sample increased with time from diagnosis.
There was a trend suggesting the mutation rate of
progressors (n=6) was higher than the one of non-
progressors (n=3) (F=3.9, p=0.052). Samples with
hyperdiploidy had a higher rate of mutations over
time than the others (F=9, p=0.009). Bi-allelic
events were a common finding immediately before
progression. We detected translocations in 7/9
patients. In most cases, they were seen at every time
point. In one case, a t(8;14) was detected during
follow up, 5.9 years from diagnosis. Using ddPCR,
we quantified the rearranged MYC allele and
compared the frequency to the IGH rearranged
locus. This t(8;14) was not present at diagnosis,
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appeared in a small fraction (1%) 4.1 years after
initial diagnosis and steadily increased over time
reaching 37% in the last sample, 8.2 years from the
initial diagnosis. Clonality analysis was available for
eight patients and identified a median of seven
clones per patient, most of them from branching
evolution (7/8) but one yielding a linear pattern
(1/8). Dramatic changes in clonal structures could be
seen in all samples up to one year prior to the
biological or clinical progression. Driver events
were seen in 7/9 patients. Four patients had more
than one driver, which were in different clones in
two patients and in the same clone in two patients. In
summary, comprehensive analysis of multiple SMM
samples over time offers greater insight into the
mechanisms of progression of SMM to MM
including both novel events (such as MYC
translocations and biallelic events) and changes in
the clonal architecture. All these changes occurred
several months before progression suggesting they
could be used as early progression markers.
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Abstract:

Background Although novel agents have markedly
improved the outcome of multiple myeloma (MM),
patients (pts) with del(17p) still have dismal
prognosis and their predictive biomarker and
satisfactory treatment strategy remain unclear. We
aimed to determine the treatment outcome and
prognostic factors in MM pts with del(17p).
Methods We reviewed a prospective MM database
to identify all pts with del(17p) detected by
fluorescence in situ hybridization (FISH). Data
regarding baseline characteristics, treatment and
survival outcomes were obtained. Results Out of 549
MM pts treated between Sep 2006 and Feb 2019,
428 (78.0%) underwent FISH testing, and 28 (6.5%)
with del(17p) were identified. The median age was
61 years (range, 44-82) with males comprising
46.4% (n=13). According to the International
Scoring System (ISS), 4 pts were stage | (14.3%), 10
pts stage 11 (35.7%) and 14 pts stage 111 (50.0%).
The most common co-existing cytogenetic
abnormality was del(13q) (n=21, 75.0%), followed
by 1q gain (n=8, 34.8%), CCND1 gain (n=7,
25.0%), MAF loss (n=6, 21.4%), t(11:14) (n=6,
21.4%), and t(4:14) (n=6, 21.4%). With a median
follow-up of 21.1 months, median overall survival
(OS) was 18.0 months. High ISS stage (Il, Il vs. I;
9.0 vs. not reached; P=0.036) plasmacytoma (vs.
absence; 5.4 vs. 68.5 months, P=0.050), elevated
serum LDH (vs. normal; 5.3 vs. 68.5 months,
P=0.011), platelet count < 100K/uL (vs.> 100K; 5.2
vs. 68.5 months, P=0.067) were associated with
shorter OS. By cytogenetics, pts with t(4:14) (vs.
without t(4:14); 5.4 vs. 68.5 months; P=0.126) and
19 gain (vs. without 19 gain; 5.4 vs. 68.5 months;
P=0.11) were likely to have poorer OS, but this was
not statistically significant due to the small number
of pts. Regarding treatment, in transplant-eligible pts
(age<65), bortezomib, thalidomide and
dexamethasone (VTD) was associated with better
outcome with median OS of 25.8 months, compared
with thalidomide plus dexamethasone (TD, 4.6
months) or cytotoxic agent (5.2 months; P=0.030).
Also, pts who underwent autologous stem cell
transplantation (ASCT) after achieving at least
partial response to 1st line treatment had
significantly longer OS (median, not reached)

compared with those who underwent ASCT for
refractory disease (9.0 months), or who did not
undergo ASCT (5.3 months; P=0.007). In transplant-
ineligible pts (age>65), 1st line lenalidomide plus
dexamethasone (Rd) tended to be related with more
favorable outcome than bortezomib, melphalan and
prednisone (VMP; median OS, 68.5 vs. 2.2 months;
P=0.307). Conclusion In MM pts with del(17p), high
ISS stage, presence of plasmacytoma, elevated
serum LDH, low platelet count, as well as additional
cytogenetic abnormalities like t(4:14) or 1qg gain was
still associated with poor prognosis. Pts who
proceeded with ASCT after achieving objective
response on 1st line treatment showed long-term
survival, which elicit the importance of developing
proactive therapeutic approach for pts with del(17p)
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Background: Genetic hallmarks of multiple
myeloma (MM) patients have been extensively
studied based on biobanked samples that have been
collected as part of clinical trials. For example, the
gene expression profiling (GEP) based SKY92
signature, which identifies ~15-20% of patients as
high risk, has been independently validated in more
than ten trials as a prognostic factor for progression
free survival (PFS), and overall survival (OS).
Limited evidence is available outside of trials, and
here we present the first analysis of SKY92 and
other markers on real-world MM data. Methods: As
part of the HORIZON2020 funded MMpredict
project, a total of n=155 samples (136 newly
diagnosed, 19 relapsed) from non-trial MM patients
were collected from the National University Hospital
System (Singapore, n=73), Mlnchner
Leuk&mielabor (Germany, n=37) and the University
of Turin (Italy, n=45). Median age was 65 years
(range 32-90), and treatments were diverse.
MMprofilers were performed on all samples,
providing SKY92 risk status results. Interphase
FISH, and ISS results were collected from health
records. Hazard ratios (Cox proportional hazards
model) were calculated and evaluated by the
likelihood ratio test to assess the significance of each
marker. We also stratified the risk groups by
combining SKY92 and ISS as proposed before.
Results: There were 34/155 patients with SKY92
high risk (22%) with hazard ratio of 2.7 (p=6.5E-05
with 95% CI 1.66 — 4.41) for PFS and 3.2 (p=1.7E-
04 with 95% CI 1.74 — 5.88) for OS. Other markers
that were univariately significant for both PFS and
OS, were: Clusters MF and PR, virtual gain(1qg) and
interphase del(13p). In a multivariate Cox
proportional hazards model, SKY92 and Cluster PR
remained significant for both PFS and OS among all
univariately significant markers (interphase del(13p)
excluded since 35% of data was missing).
Surprisingly, ISS Il compared to ISS | had very
similar survival (PFS: HR 0.9, p=0.78; OS: 1.0,
p=0.98), whereas ISS Il had worse, but not
significantly different, survival compared to ISS |
(PFS: HR 1.2, p=0.56; OS: 2.2, p=0.15). The three
class SKY92-1SS classifier identifies high risk (HR;
SKY92 high risk), intermediate risk (IR; SKY92
standard risk and ISS 11 or 111) and low risk (LR;
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SKY92 standard risk and 1SS 1). Using these classes
for PFS resulted in IR vs LR (HR 1.77; p=0.28) and
HR vs LR (HR 4.81; p=0.004). For OS the results
were IR vs LR (HR 1.69; p=0.48) and HR vs LR
(HR 6.47; p=0.01). Conclusions: Real-world
evidence confirms that SKY92 is prognostic for PFS
and OS in the non-trial setting. In addition, we found
indications that despite the poor association of ISS
with outcome, the LR class (SKY92 SR ISS 1) tends
toward the low risk in the non-trial setting as was
seen previously. Funding: This project has received
funding from the European Union's Horizon 2020
research and innovation programme under grant
agreement No 701143

Keywords:
Gene expression profiling

prognostication
real-world

Tracks:
Multiple Myeloma Genomics

FP-010

Epigenetic silencing of miR-340-5p in
multiple myeloma: mechanisms and
prognostic impact

Authors:
James Chim?, Zhenhai Li?

Institutions:
The University of Hong Kong, Hong Kong

Abstract:

Background miR-340-5p, localized to 5935, is a
tumor suppressor miRNA implicated in multiple
cancers. As a CpG island is present at the putative
promoter region of its host gene, RNF130, we
hypothesized that the intronic miR-340-5p is a tumor
suppressor miRNA epigenetically silenced by
promoter DNA methylation of its host gene in
multiple myeloma. Results By pyrosequencing-
confirmed methylation-specific PCR, RNF130/miR-
340 was methylated in 8/15 (53.3%) myeloma cell
lines but not normal plasma cells. Methylation
correlated inversely with the expression of both
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miR-340- 5p and RNF130. In completely methylated
WL-2 and RPMI-8226R cells, 5- AzadC treatment
led to demethylation and re-expression of miR-340-
5p. In primary samples, RNF130/miR-340
methylation was detected in 4 (22.2%) monoclonal
gammopathy of undetermined significance, 15
(23.8%) diagnostic myeloma, and 7 (23.3%)
relapsed myeloma. RNF130/miR-340 methylation at
diagnosis was associated with inferior overall
survival (median 27 vs. 68 months; P = 3.944E-5).
In WL-2 cells, overexpression of miR-340-5p
resulted in reduced cellular proliferation [MTS, P =
0.002; verified in KMS-12-PE (P = 0.002) and
RPMI-8226R (P =2.623E—05) cells], increased cell
death (trypan blue, P = 0.005), and enhanced
apoptosis by annexin V-PI staining. Moreover, by
gRT-PCR, overexpression of miR-340-5p led to
repression of both known targets (CCND1 and
NRAS) and bioinformatically predicted targets in
MAPK signaling (MEKK1, MEKK2, and
MEKKK3) and apoptosis (MDM4 and XIAP), hence
downregulation of phospho-ERK1/2 and XIAP by
Western blot. Furthermore, by gRT-PCR, in CD138-
sorted primary samples (n = 37), miR-340-5p and
XIAP were inversely correlated (P = 0.002). By
luciferase assay, XIAP was confirmed as a direct
target of miR-340-5p via targeting of the distal but
not proximal seed region binding site. Conclusions
Collectively, tumor-specific methylation-mediated
silencing of miR-340-5p is likely an early event in
myelomagenesis with adverse survival impact, via
targeting multiple oncogenes in MAPK signaling
and apoptosis, thereby a tumor suppressive miRNA
in myeloma.
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Abstract:

Background: Multiple myeloma (MM) is a
heterogeneous disease with variable outcomes. In
the past several years, serum proteins, cytogenetics
and gene expression profiling (GEP) have been used
to predict outcomes of MM patients. Patients
identified by the prognostic GEP70 gene signature
as high risk (HR) have more aggressive disease and
shorter survival compared to patients identified as
low risk (LR). We have analyzed cfDNA levels in
LR and HR patients and determined its correlation to
GEP70 risk score. In a subset of patients, we
performed low-pass whole genome sequencing (LP-
WGS) and targeted sequencing to determine
genomic alterations in cfDNA. Methods: GEP was
performed on CD138+ plasma cells from bone
marrow using Affymetrix U133 Plus 2.0 arrays.
Low-risk (n=38) and high-risk MM patients (n=44)
as determined by GEP70 score were selected.
Plasma cells in bone marrow aspirate were
ascertained for tumor burden by flow cytometry.
cfDNA was extracted from plasma using QlAamp
circulating nucleic acid kit (Qiagen) and was
measured using Qubit fluorometer. In a subset of
patients, plasma cfDNA, matched tumor DNA and
matched white blood cell genomic DNA were
sequenced using a targeted panel covering key driver
genes and immunoglobulin regions involved in
translocations in myeloma. Targeted sequencing was
performed on NextSeq500 (Illumina) to a depth of
400-600x. LP-WGS was performed at 0.1X
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coverage. Sequencing data were analyzed using
Strelka and ichor. Results: Total cfDNA (ng/ml
plasma) was significantly higher in the HR group
compared to the LR group, median cfDNA
LR=18.76 ng/ml range 0.2-140 ng/ml plasma vs.
HR=33 ng/ml plasma range 7.3-726.66 ng/ml;
p=0.02. cfDNA levels among different GEP
subgroups did not reach significance, however
patients in the PR subgroup had higher cfDNA in
plasma compared to other subgroups. Ranked
cfDNA levels correlated with GEP risk score r=0.32,
p=0.0029 (Spearman's test). cfDNA levels also
correlated with tumor burden r=0.41, p<0.0001
(Pearson's test). Additionally, LP-WGS analysis
performed in a subset of patients showed that
circulating tumor DNA (ctDNA) fraction correlated
strongly with GEP70 risk score (Spearman r=0.83,
p=0.0012). Monitoring of cfDNA levels in patients
before and after chemotherapy showed an increase
in cfDNA levels between 3-5 days after
chemotherapy and fell to baseline levels a week
later. Variant allele frequencies of NRAS and KRAS
mutations were higher immediately post-
chemotherapy compared to baseline in 3/4 patients.
Conclusions: cfDNA levels correlate with GEP70
risk score. In the small subset of sequenced patients,
CtDNA fraction also correlated with GEP70 risk
score. Molecular monitoring of myeloma using
cfDNA can capture the mutational landscape in
myeloma and can be a potential prognostic
biomarker for MM disease.
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Abstract:

Background Multiple myeloma (MM) is
characterized by genetic heterogeneity.
Chromosome 1g21 aberrations in MM have attracted
much attention for a long time, however, the
prognostic value is still under investigation. Methods
Cytogenetic aberrations were detected by a panel of
DNA probes, including CKS1B at 1921, RB1 at
13q14, TP53 at 17p13, IgH split at 14932 and IgH
translocations with CCND1 at 11913,
FGFR3/MMSET at 4p16, MAF at 16g23 or MAFB
at 20911 by fluorescence in situ hybridization.
Comprehensive method was used to integrate the
intra-tumoral heterogeneity of 1921 gain and analyze
the prognosis of patients with concurrent
aberrations. Results Additional copies and larger
clonal size of 1921 gain did not worsen the outcome.
1921 gain facilitated the acquisition of new
chromosome abnormalities and contributed to the
genomic instability, evidenced by the strong
correlation between 1921 gain and complex
karyotypes or the acquisition of more than two
cytogenetic aberrations. 1921 gain retained
unfavorable even when stratified by concurrent
presence of t(4;14), especially in the bortezomib
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arm. Finally, although bortezomib might benefit
patients with 1921 gain, it could not completely
overcome its adverse effects. Conclusion The
prognostic value of 1921 gain does not rely on the
copy numbers, clone size and concurrence with
t(4;14). Patients with 1921 gain need more effective
therapies.
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Abstract:

Background: Multiple myeloma (MM) is a plasma
cell malignancy characterized by chromosomal
instabilities (CIN), including complex cytogenetic
and molecular abnormalities. Cell-free DNA
(cfDNA) offers the potential for minimally invasive
genome-wide profiling of tumor alterations in
monitoring tumor burden without tumor biopsy and
may be associated with cancer precision medicine
and patient prognosis. The better response is
associated with improved overall survival (OS) in
MM, but data on early response at treatment two
cycle to predictor the prognosis are limited. Here we
investigate the potential of cfDNA CIN as minimal
invasive biomarker to predict early response for MM

treatments. Methods: In this prospective cohort
study, we recruited 30 patients from 11
relapsed/refractory (RRMM) and 19 newly
diagnosed (NDMM) patients at our institution
Changzheng Hospital. Plasma samples were freshly
collected after finished two cycles or one months
(for RRMM) of therapy, with matched baseline
plasma samples collected before the current
regimen. Cell-free DNA was extracted followed by
chromosomal copy number imbalance analyses by
using a customized bioinformatics workflow,
ultrasensitive chromosomal aneuploidy detector
(UCAD). Criteria for response and progression were
according to the IMWG (Durie BG et al. 2006) .
Results: Among the 30 patients, 7 (23%) of them (5
RRMM and 2 NDMM) showed high cfDNA CIN
regard as strong positive after two cycles of
treatments. Plasma cfDNA CIN profiling found
complex clonal evolution compared two cycles to
baseline. Multiple genomic regions, including
chromosome 7, 17p (surrounding TP53 locus), 12q
and 3p, were found involved in MM clonal
evolution. Further analysis showed that the degree of
chromosomal instabilities in cfDNA correlated with
myeloma stage and overall survival. Remarkably, of
the 5 heavily treated RRMM patients and 1 primary
refractory newly diagnosed patient, 3 died within 60
days after the last time of cfDNA detection. Nine
patients (30%) of patients shows positive cfDNA
CIN after two cycles of treatment, which response
rate was 11% (n=1) with SD, 33% (n=3) with MR,
and 56% with PR, respectively. Fourteen patients
with 5 RRMM and 9 NDMM were detected
marginal or negative cfDNA CIN after two cycle's
treatment. The overall response rate in 14 patients
was 100%, including 14.3% with a complete
response, 14.3% with a very good partial response
(VGPR), 57.1% with a PR, and 14.3% with a MR.
Of these patients, 3 RRMM who received with more
than six lines of therapy, showed positive cfDNA
CIN. Subsequently these three heavily treated
RRMM patients have chance to enroll the chimeric
antigen receptor T-Cell immunotherapy (CAR-T)
therapy (enrolled NCT03093168). Surprising, all of
them were benefit of the CAR-T therapy to improve
responses dramatically, meanwhile, the dynamics of
total cfDNA concentration correlated with tumor
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burden to negative. Conclusion: We provide
evidence that cfDNA level co
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Abstract:

Introduction: L-type amino acid transporter 1
(LAT1) plays a key role in cell growth and survival.
Overexpression is a common feature of many
malignancies to support increased protein synthesis
demand. Among patients with multiple myeloma,
high LAT1 expression has been shown to be
associated higher risk disease but also a higher
response rate following treatment with oral
melphalan in clinical and pre-clinical models (Isoda,
et al, Cancer Sci, 2014; Hathi, et al, J Nucl Med,
2018). Oral melphalan is infrequently used in today's
clinical practice; however, high-dose intravenous
melphalan is the standard of care for conditioning
prior to autologous stem cell transplantation
(ASCT). In this study, we sought to determine if
LAT1 expression was predictive of response to
melphalan-based ASCT for multiple myeloma.
Methods: We performed a secondary analysis of
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data from the MMRF CoMMpass study (1A14).
CoMMpeass is a longitudinal study of over 1000 MM
patients which incorporates both clinical and
genomic data. As part of the CoMMpass study,
RNA-seq on CD138-enriched bone marrow cells
was performed using lHlumina TruSeq RNA library
kits. LAT1 expression > 0.5 standard deviations
above the mean was considered high-expression.
The association of high LAT1 expression with
myeloma stage, response rate post-treatment, and
progression-free survival (PFS) were compared
using bivariate and multivariate statistics. Results:
762 patients were included in the analysis. The
median age at diagnosis was 63 (range 27-93) and
50% were male. Mean LAT1 expression was 3.00
logs (£ 0.95); 30% were considered to have high
LAT1 expression. High LAT1 was observed in 40%
of patients with Stage 111 disease, compared to 27%
of those with Stage | or 11 disease (p <.001) 296
patients underwent ASCT during first-line treatment
with 39% having a complete response (CR). 49% of
those with high LAT1 obtained a CR compared to
35% of those without (p = .030). 16% of the 466
patients who did not undergo ASCT also obtained a
CR. 21% of those with high LAT1 obtained a CR
compared to 14% of those without, which was not
statistically significant. Overall, high LAT1
expression was associated with a 34% increase risk
for PFS (aHR 1.34; 95% CI 1.07-1.69; p = .012)
after controlling for ASCT, CR, and ISS stage.
However, the risk was mitigated in patients
undergoing ASCT. For those with high LAT1,
receiving an ASCT resulted in a 47% decrease in
risk (aHR 0.53; 95% CI 0.37-0.74; p < .001) and
PFS was similar to those with normal LAT1
expression. Discussion: Melphalan-based ASCT
may mitigate the higher risk associated with high
LAT1 expression at diagnosis of multiple myeloma.
While ASCT is generally recommended for all
eligible patients with multiple myeloma, those with
high LAT1 may receive an even larger benefit.
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Abstract:

Multiple myeloma (MM) is characterized by high
genetic heterogeneity, which in turn affects not only
the development of the disease but also the
therapeutic response. To further characterise the
genetic heterogeneity in MM, we applied a novel
approach of next-generation optical mapping to
study a genomic architecture of MM cells. We
analysed samples of bone marrow from two patients
with newly diagnosed MM using optical mapping
together with standard methods (karyotype, FISH,
and arrayCGH) and compared the results of these
approaches. For optical mapping, high-molecular
weight DNA was isolated from sorted MM cells,
labelled by DLS chemistry and visualised on Saphyr
system (BioNano Genomics). The optical genome
maps (480 Gbp, coverage 124X) were aligned to a
human reference genome (GRCh38) and the
detected structural variants (SVs) were compared
against the database of healthy controls; only rare de
novo variants were analysed. In Patient 1 (male, 77
years, MM 1gG kappa, stage I11A (Durie-Salmon,
DS), International Staging System (ISS) 2, revised

ISS (R-ISS) 2) numerous genetic aberrations were
detected by both optical mapping and arrayCGH
(trisomy 4, 11, 18, 19, 21, monosomy 13 and
tetrasomy 15). Optical mapping revealed additional
47 deletions, 16 insertions, 14 inversions, 4
duplications and 4 translocations. All translocations
were within unusual chromosomes 3 and 6. We also
identified 587 bp insertion in 17p13 chromosome
and 8.1 kbp deletion in 18921 chromosome, both
regions affecting the activation of cancer genes
tumor suppressors and oncogenes. Additionally,
several large SVs were located on chromosome 3,
including duplication, inversion, intra- and inter-
chromosomal translocations t(3;6). In Patient 2
(male, 74 years, MM IgA kappa, st. lI1A (DS), ISS
2, R-1SS 2), both optical mapping and arrayCGH
detected trisomy 3, 5, 9, 11, 15, 18, 19 and
tetrasomy 21. Optical mapping revealed additional
35 deletions, 22 insertions, 11 inversions, 2
duplications and 8 intrachromosomal translocations
affecting chromosomes 3, 4, 14, and 18. Although
no IGH locus rearrangements were detected by
standard methods, monosomy on chromosome 14
and 20.5 kbp deletion were found within IGH locus
by optical mapping. As conclusion, a large number
of additional novel genomic rearrangements was
detected in MM using next-generation mapping
technology, showing a high potential of optical maps
for refinement of genomic variability in MM. The
study on larger patient cohort and longer follow-up
of patients may identify structural variants
associated with the clinical course and therapy
response. Support: research grant Celgene, MZ CR
VES16-32339A, NV18-03-00500, MZ CR — RVO
(FNOI, 00098892)
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Abstract:

Gene fusions are an important class of genetic
variation relevant across cancer types. We detected
gene fusion events from a cohort of 742 patients
from the Multiple Myeloma Research Foundation
CoMMpass Dataset, combining sequencing data
from RNA and DNA with clinical information to
form a landscape of fusion events. From the 742
patients, 53 had data from multiple time points for a
total of 806 samples in this study. We ran five fusion
detection tools on each sample's RNA sequencing
data and required fusions to pass several filtering
criteria. From RNA-seq, we also quantified gene
expression levels to find relationships between gene
fusions and gene expression. Whole genome
sequencing data provided evidence of genomic
changes such as translocations and deletions that
lead to gene fusions as well as a way to validate
fusion events. Several genes involving fusions show
upregulated expression in comparison to non-fusion
samples, including FGFR3, WHSC1, MYC, and
NTRKZ1. We performed breakpoint and expression
analysis of t(4;14) events leading to IGH--WHSC1
fusions and overexpression of FGFR3 and WHSC1.
We compared fusions detected in our cohort to those
reported in pan-cancer analyses to illustrate
overlapping events but also highlight myeloma-
specific events. We analyzed the structure and
expression patterns of 3' kinase fusions with intact
kinase domains, including druggable fusions
involving NTRK1. We further analyzed fusions
detected from samples with serial time points,
illustrating changes in the fusion and mutational
landscape over time. Finally, we present a novel use
of single-cell RNA-sequencing data by detecting
chimeric transcripts related to fusions events in
multiple myeloma at single-cell resolution.
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Abstract:

Non-genetic cellular plasticity has recently emerged
as a basis for therapeutic resistance in cancer.
Therefore, a better understanding of cellular
plasticity and adaptive state changes in myeloma
cells and the immune microenvironment is critical to
develop effective therapeutic approaches that can
overcome drug resistance. We performed
fluorescence activated cell sorting and full-length
single-cell RNA sequencing of myeloma cells and
CD45+ immune cells from the bone marrow of 8
patients with relapsed/refractory multiple myeloma
(RRMM) treated on a clinical trial with elotuzumab,
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pomalidomide, bortezomib and dexamethasone (Elo-
PVD; NCT02718833) before and after treatment.
We discovered that the transcriptional states of
single myeloma cells are highly distinct between
individual patients, despite the presence of the same
established genomic classifiers, such as t(11;14).
Furthermore, distinct transcriptional states co-exist
within individual patients. Leveraging the single-cell
RNA sequencing data to reconstruct differentiation
trajectories of the myeloma cells, we found that
transcriptional states diverge from normal plasma
cells towards more immature cells, of the B
lymphoid lineage or entirely different hematopoietic
lineages. Since cell states are controlled by a small
set of interconnected transcriptional regulators, we
investigated expression of transcription factors and
epigenetic modifiers and found widespread
deregulation. Using SCENIC to define gene-
regulatory relationships, we identified a shared core
regulatory network between RRMM patients with
transcription factors, such as MYC, MEF2C and
TCF3. However, we further detected patient-specific
regulons, which provide critical insight into
mechanisms driving inter-patient heterogeneity.
Interestingly, these altered transcriptional states were
associated with up-regulation of potential
immunotherapeutic targets, such as CD20, CD19,
CD33. Subsequently, we defined the effect of
immunomodulatory treatment with Elo-PVD on the
immune microenvironment with single cell
resolution. A high degree of variation in NK cell
subsets in RRMM patients is reflected in patient-
specific subclusters, with CD56bright NK cells
ranging from 2%-69%. Importantly, NK cell
differentiation trajectories revealed a shift with
treatment, indicating there is substantial plasticity in
NK cell subsets. Differential expression of more
than 2000 genes (qval < 0.01), including CD16 and
effector molecules PRF1, GNLY and GZMB, was
indicative of widespread transcriptional
reprogramming, which is therapeutically relevant. In
conclusion, we find that higher transcriptional
diversity and activation of alternate gene regulatory
programs facilitate the emergence of altered
transcriptional states in myeloma cells and the
immune microenvironment. Interestingly, these
altered states are associated with up-regulation of

putative immune-therapeutic targets in myeloma
cells, thus providing novel therapeutic
vulnerabilities.
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Abstract:

Background: MicroRNAs (miRNAs) are short non-
coding RNA molecules that are involved in many
physiological and pathological processes. Multiple
myeloma (MM) is the second most common
hematological malignancy of plasma cells (PCs).
Survival of patients is negatively affected by
extramedullary disease (EM). EM occurs when PCs
migrate out of the bone marrow (BM) and lose the
dependence to its microenvironment. The
mechanism by which the EM occurs is not yet
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elucidated. The importance of miRNA in the
pathogenesis of MM has been demonstrated by
several studies. We assume that they are involved in
the development of EM. Aims: The aim of this work
was to analyze different expression of miRNA in
BM PCs of EM vs MM patients. Materials and
methods: In exploration phase, 36 BM PCs samples
from MM patients and 9 BM PCs samples from EM
were analyzed using next generation sequencing
(NGS). Validation phase was performed by gPCR
and included 23 MM samples and 14 EM patients.
Results: NGS analysis showed 2278 different
miRNASs that were present in analyzed samples; 635
miRNAs had more than 20 reads per sample and
were included in subsequent analysis. Analysis
showed that there are 10 miRNAs (miR-26a-5p,
miR-26b-5p, miR-30e-5p, miR-424-3p, miR-503-5p,
let-7i-3p, miR-548ag, miR-5696, miR-450b-5p,
miR-4746-5p) with adjusted p<0.005 that differ
significantly in expression between MM and EM
patients. We validated 8 miRNAs — 6 based on NGS
analysis (miR-26a-5p, miR-26b-5p, miR-30e-5p,
miR-424-3p, miR-503-5p, miR-450b-5p) and
another 2 based on literature (miR-767-5p and miR-
105-5p). All validated miRNAs were significantly
deregulated (p<0.05) in EM compared to MM
patients. Furthermore, we performed ROC analysis
to determine sensitivity and specificity of analyzed
miRNA for EM detection. The best results were
reached for miR-105-5p (cut-off: > 0.002; AUC:
0.820; sensitivity: 84.62%; specificity: 82.61%).
Summary: This study showed that there are 10
significantly (p<0.005) differentially expressed
miRNA between MM and EM. This work was
supported by AZV 17-29343A.
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Abstract:

Introduction Copy Number Variations (CNVs) at
specific cytogenomic segments in Multiple
Myeloma (MM) are known to influence disease
progression and response to therapy. Recent high
throughput technologies such as digital MLPA
(dMLPA) have enhanced the ability to target larger
repertoire of CNVs with greater confidence. The aim
of the study was to determine CNVs at multiple key
genomic regions of relevance in MM and their effect
on clinical outcome. Methods Genomic DNA
extracted from enriched plasma cells obtained from
243 newly diagnosed MM patients was subjected to
dMLPA assay using D006-X2-0717 MM dMLPA
probemix (MRC Holland). The dMLPA libraries
were sequenced on lllumina MiSeq and the ".fastq'
files were analyzed with an in-house software. Data
was normalized and interpreted as wild type,
deletion or duplication states. Patients' clinical data
were co-evaluated using Kaplan Meier survival and
Cox proportion hazard regression analysis. Results
The dMLPA assay consisted of a total of 507
dMLPA probes (160 for key CNVs, 219 karyotyping
and 129 internal controls and BRAF V600E specific
probe). Sequence read numbers in excess of >600,
minimal variability (SD<0.1 per probe) and normal
probe read ratios between0.8 to 1.2 were achieved.
At least >1 CNVs (in key target genes) were
identified in 59% patients and an average of 9 CNVs
(range O to 24) were observed per patient. Median
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PFS and OS of the total cohort were 50 and 63
weeks respectively. The most frequent deletions
were those in 13p (~14%), 13q, 1p, 22q, 169 and
22q (~7-10%), 14q, 8p, 4p and 17p (~4 to 6%).
Likewise, most frequent gains were in 15q, 1q, 11q,
9q (~18 to 20%), 5q, 3p, 11p and 7p (~9 to 16%).
BRAF V600E mutation was identified in 13 patients
of which 10 were randomly checked by targeted
NGS and found to be congruent. Biallelic deletions
were observed at genes located in 11q and 1p.
Survival analysis revealed a significant correlation
of progression free survival with deletions at
CDKN1B (HR=3.5; 95%ClI=1.2 - 9.6, p=0.014),
17p (HR=2.16; 95%CI=0.99 — 6.92, p=0.05), NF2
(HR=2, 95%ClI= 1.03 — 4.09, p=0.04). Significant
correlations were observed for overall survival with
deletions at CHD4 (median OS 36 weeks vs not
reached (NR); HR=4.6, 95%CI=1.8 — 11.8,
p=0.001), TFB1M (median OS 57 weeks vs NR;
HR=4.3; 95%CI = 1.7 — 10.9, p=0.002), MTA1
(median OS 36 weeks vs NR; HR=3.1; 95%CIl=1.4
— 6.8, p=0.005), NEFL (median OS 34 weeks vs NR;
HR=3, 95%ClI=1.2 - 6.9, p=0.011) and COL11A
(median OS 57 weeks vs NR; HR=2.5, 95%CI= 1.03
— 6.4, p=0.04). Conclusion Digital MLPA allows
detailed mapping of CNVs across multiple loci.
Cytogenomic aberration profiles obtained by
dMLPA could be useful for molecular classification
and risk stratification in MM. Acknowledgements
We thank the MRC-Holland team for all the support
and Department of Biotechnology (BT/ MED/ 30/
SP11006/ 2015), Ministry of Science & Technology,
Government of India for research funding.
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Abstract:

Background: Gene expression data obtained from
microarray or RNA-Seq can harbor missing values
that affect accurate interpretations. It is preferable to
first impute missing values via robust computational
methods rather than repeating the whole experiment
to re-capture gene expression data which is an
expensive and time-consuming process. In this
study, a novel but easy method of imputing missing
values in both microarray and RNA-sequencing data
has been proposed. Materials & Methods: Missing
value imputation was carried out on microarray
(GSE47552 GEO dataset for 99 samples, 33297
probe-ids) and RNA-Seq data obtained from MMRF
researcher gateway (57998 genes for 881 subjects).
Missing values were first introduced at different
percentages ranging from 10% to 90% in microarray
data and incomplete matrices were then imputed
using proposed method of missing value imputation.
It is a two-stage method utilizing Discrete Cosine
Transform (DCT) based sparsity and then nuclear
norm for denoising. Quantitative results on
normalized mean square error (NMSE) between
ground truth and imputed data were computed with
state-of-the-art matrix completion methods, namely,
LogDet, RPCA-GD, and LMaFit. Significance of
imputation was validated by classification between
normal versus cancer subjects on incomplete and
imputed matrices followed by biological pathway
analysis of top 500 candidate tumor drivers
identified using SPARROW algorithm followed by
gene enrichment analysis. Results: For microarray
data, quantitative NMSE results of the proposed
method were observed to be better compared to the
existing state-of-the-art methods even at low
observability of data. Results on classification with
imputation were superior as compared to the
classification results obtained on missing data matrix
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as well as matrix imputed with existing methods.
Cancer affected pathways obtained from KEGG
analysis were discovered with higher significance in
the data imputed with the proposed method
compared to those discovered with the missing data
matrix. For RAS signaling pathway, at 50%
observed data, p-value was found to be 0.15
(insignificant) but after imputation, p-value became
0.028, indicating significant enrichment of this
pathway. Similarly, at 70% observed data, p-value
was 0.24 that decreased to 0.047 after imputation.
RNA-Seq data had 55% missing values. The
proposed matrix imputation method was able to
impute all but 0.19% percent entries in RNA-Seq.
Conclusion: Missing values in Gene expression data
from microarray as well as RNA-sequencing is a
persistent problem that can be resolved with a novel
method of missing value imputation as proposed in
this study. Acknowledgements We gratefully
acknowledge GEO and MMRF CoMMpass network
for providing datasets; Department of Biotechnology
(BT/ MED/ 30/ SP11006/ 2015) and Department of
Science and Technology (DST/ICPS/CPS-
Individual/2018/279(C)), Ministry of Science &
Technology, Government of India for research
fundings
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Abstract:

Background Multiple myeloma (MM) is an
aggressive neoplastic plasma cell cancer
characterized by complex heterogeneous cytogenetic
abnormalities. Recently, super-enhancers (SEs) are
defined as large clusters of cis-acting enhancers,
marked by high-level bindings of acetylation of
histone H3 lysine 27 (H3K27ac) and mediator,
which have been shown to control genes for
maintaining cellular identity and also key tumor
drivers in various malignancies. Methods In this
study, by collecting primary MM patient samples,
MM cell lines, normal plasma cell and lymphoma
cell lines for H3K27Ac ChiP-seq and RNA-seq
analysis. We systematically compared SEs and their
associated genes of normal and cancerous tissue.
Besides, THZ1 as a CDK?7 inhibitor can efficiently
cause down-regulation of SE-associated genes.
Combined analysis of THZ1-sensitive and SE-
associated gene uncovered a number of promising
MM oncogenes. With the CRISPR/Cas9 gene
editing system and gene overexpression vector
infection, a variety of cellular functional assays were
performed to determine the effects of candidate SE-
genes on MM tumorigenesis. Results SE analysis
alone uncovered many cell lineage-specific
transcription factors and well-known oncogenes.
Several key TFs (including IRF4, PRDM1/BLIMP1,
and XBP1) were recurrently identified in most MM
samples, confirming the origin of MM cells and
suggesting that SE establishment is a key component
of MM biology. The acquisition of SEs around
oncogene drivers is widely observed during
tumorigenesis. ST3GAL6 and ADM were two
known oncogenic drivers in myeloma cells, which
were associated with super-enhancers in all MM
samples but not in normal plasma cell and
lymphoma cells. We also found SEs marked
multiple key drivers in defined clinical subgroups of
MM, such as CCND1 in t(11;14) cells, C-MAF in
t(14;16) cells, and WHSC1 and FGFR3 in t(4;14)
cells. Furthermore, THZ1, which is a small-molecule
CDKY7 inhibitor, showed prominent antineoplastic
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effect against MM cells. SE-associated genes were
more sensitive to THZ1 compared with those genes
associated with typical enhancers (TEs). We then
performed a combined analysis of THZ1-sensitive
and SE-associated genes and found a number of
novel MM oncogenes, including MAGI2, EDEM3,
HJURP, LAMP5, MBD1, and UCK2 being a
potentially druggable kinase. Finally, MAGI2 was
related to myelomagenesis with gradually increased
expression from MGUS, SMM to newly diagnosed
and relapsed MM cases. MAGI2 silencing in MM
cells suppressed cell proliferation and lead to cell
apoptosis. Interesting, HIURP was confirmed as a
novel SE-associated oncogene in t(4;14) cells, which
could be regulated by MMSET. Knockdown of
HJURP induced cell apoptosis, whereas
overexpression of this gene promoted cell growth.
Conclusion Mapping these acquired SEs and their
associated genes may provide novel insight into both
the understanding of MM biology and the
development of novel therapeutic targets.
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Abstract:

Emerging evidence suggests poor outcome of
multiple myeloma (MM) patients carrying multiple
adverse factors including high risk cytogenetic
abnormalities (HRCA) and ISS stage I, thereby
termed double-hit MM (DHMM). However, it
remains uncertain how to define DHMM and its
clinical significance due to lack of confirming study.
To this end, our study aims to examine the
prognostic values of co-occurrences of multiple
HRCAs or their combination with ISS stage 111 in
patients with newly-diagnosed MM (NDMM). A
total of 307 NDMM patients who had baseline
information of CAs detected by FISH and ISS
staging, as well as received at least 4 cycles of
treatment were included in this study. According to
the consensus of the IMWG in 2016, 1q gain,
del(17p), t[4;14], and t[14,16] were defined as
HRCA, while del(13g14) was considered as a non-
independent adverse CA. DHMM was defined as co-
occurrences of either a) >= 2 HRCAs or b) at least 1
HRCA plus ISS stage Il1. In 180 cases harboring
HRCAs, 23.3% and 10.5% patients carried only 1
HRCA or >= 2 HRCASs with a median PFS of 32.2
and 12.1 months (p = 0.0004), as well as a median
OS of 65.6 and 29.3 months (p = 0.027),
respectively. Interestingly, another subgroup of
patients (17.2%) carrying 1 HRCA plus del(13g14)
also displayed significantly shorter PFS (19.1
months, p = 0.046) and OS (29.6 months, p = 0.055),
compared to those who had only 1 HRCA. In 140
cases harboring 1q gain, patients who carried >= 1
additional HRCAs had a median PFS of 11.2 months
and a median OS of 18.9 months, significantly
worse than those who had only 1q gain (PFS, 30.1
months, p = 0.0009; OS, 65.6 months, p = 0.0008).
Patients carrying del(17p) with >= 1 additional
HRCAs had a median PFS of 12.1 months and a
median OS of 31.5 months. Moreover, patients
carrying both 1q gain and del(17p) had significantly
shorter PFS and OS than either 1q gain or del(17p)
alone (PFS, p=0.008 or p =0.001; OS, p =0.001 or
p = 0.006), respectively. In 89 ISS Il cases, patients
with >= 1 HRCAs had a median PFS of 13.2 months
and a median OS of 15.2 months, clearly worse than
those without HRCA (PFS, 21.0 months, p = 0.032;
0S, 43.8 months, p = 0.057). Last, ISS Il patients
carrying both 1q gain and del(17p) had the worst
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outcome with a median PFS of 2.3 months and a
median OS of 4.5 months, compared to those with
only one of these two HRCAs (PFS, 15.8 months;
0S, 24.5 months). In conclusion, our findings argue
that patients either carrying two or more HRCA or at
ISS 11 stage with at least one HRCA, so called
DHMM, have significantly worse outcome (both
PFS and OS), than those carrying only one HRCA or
at ISS I11 stage, respectively. They also suggest that
integration of the DHMM features into the current
risk stratification criteria is helpful for more
precisely identifying patients with high-risk or even
worse disease at diagnosis, whose outcomes remain
grim even in the era of novel therapies.
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Abstract:

Introduction: Clonality assessment in patients with
multiple myeloma (MM) is important both for initial
diagnosis and detecting minimal residual disease.
Next-generation sequencing (NGS)-based
immunoglobulin gene rearrangement assays may be
useful for assessing clonality, although their
applicability has not been convincingly
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demonstrated. Hence, we evaluated the primer set
most widely used with the only commercially
available NGS-based clonality assay in high-risk
MM patients for the first time. Methods: Thirty bone
marrow aspirate samples were included in the study
(9 1gG, Kappa; 4 1gG, Lambda; 7 IgA, Kappa; 3 IgA
Lambda; 1 IgD, Lambda; 2 Kappa light chain; 4
lambda light chain). The samples were from 28
patients with MM including 2 follow-up samples
collected at the time of relapse or disease
progression. The samples were evaluated for IGH
rearrangements and IGH somatic hypermutation
using the LymphoTrack® IGH-FR1 assay
(InVivoScribe, San Diego, CA) on a MiSegDx
instrument (Illumina, San Diego, CA). When kappa-
type cases showed negative IGH rearrangement (and
somatic hypermutation), LymphoTrack® IGK assay
(InVivoScribe) was performed. Results: IGH-FR1
and/or IGK assay detected clonality (demonstrated
by rearrangements) in 22 out of 26 MM cases
(84.6%) who were not lambda light chain disease.
IGH clonality were observed in 20 of the 26 samples
(76.5%), and among them 17 cases (85.0%) showed
IGH somatic hypermutations. By testing IGK
clonality on 5 kappa samples which didn't show any
IGH clonality including 1 kappa light chain disease,
2 samples (40.0%) showed IGK clonality. One out
of 2 kappa light chain disease cases and 1 out of 3
lambda light chain disease cases showed IGH
clonality, suggesting that the heavy chain clonality
could have been missed in immunofixation
electrophoresis assay. The IGH or IGK clonality was
not statistically associated with heavy chain or light
chain, even though all the 10 IgA cases showed
either IGH or IGK clonality. The median percentage
of IGH clonality (in relation to the total lymphoid
cells) was 68.12% (range: 4.85-86.60%). While 2
samples showed biclonality, the remaining 19
showed monoclonality(including the relapse of 1 of
the 2 samples with biclonality). Two samples which
showed no rearrangement in IGH assay, but positive
rearrangements in IGK assay showed biclonality,
and they were from the same patients. Neither the
existence of IGH clonality nor its quantity
(expressed as a percentage) was associated with the
percentage of plasma cells in the specimens. The
quantity of IGH clonality was not influenced by the
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percentage of bone marrow plasma cells, 1SS stage,
or karyotype. Conclusion: By combining the IGH-
FR1 assay and/or IGK assay, we detected clonality
in approximately 85% of high-risk Korean MM
patients. Somatic hypermutations of IGH gene was
observed in 85% cases with IGH clonality. Different
sets of primers of immunoglobulin genes might
increase the clonality detection rate in MM.
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Abstract:

Background and objectives Multiple myeloma (MM)
is characterized by excessive proliferation and
accumulation of abnormal plasma cells infiltrating
the bone marrow microenvironment. It is
characterized by secretion of atypical monoclonal
immunoglobulin (M protein) by plasma cells in
blood or urine, anemia, hypercalcemia, renal
dysfunction, and bone pain accompanied with
pathological fractures. Approximately 70% of MM
patients display skeletal abnormalities at diagnosis
and after diagnosis nearly 85% patients develop
bone lesions during the course of disease. Bone
disease represents a major cause of morbidity and
mortality in MM. Vitamin D is an important
regulator of calcium and phosphate homeostasis.
Serum vitamin D levels regulate bone mineralization
and its deficiency leads to reduced calcium

absorption thereby increasing bone resorption in
MM. Recent studies demonstrated significant
association between VDR gene polymorphism and
increased likelihood of diseases including cancers
such as breast, colorectal, prostate etc. Thus, the
objective of this maiden study was to ascertain
association between VDR gene variants (Apal,
Bsml, Fokl and Taqgl) and MM disease. Materials
and methods In this study, 75 MM and 75 controls
subjects were recruited after approved ethical
permission and informed consents. VDR gene
polymorphism (Apal, Bsml, Fokl and Taql) was
investigated using PCR-RFLP based method.
Vitamin D levels were measured in serum samples
using ELISA techniques of all recruited study
subjects. Results were statistically analyzed using
Stata 1.0 software and Graphpad 5.0. Results and
conclusion Results demonstrated that there was
significant decrease (p>0.05) in serum vit D levels in
MM patients compared to controls. Additionally,
serum levels of Vit D decreases with disease severity
in MM patients. Upon division of vitamin D levels
among different genotypes of each VDR gene
variant, significant concentration difference could be
observed between patient and controls. Further, SNP
analyses showed that there was significantly higher
risk of MM in Ff + ff, Aa + aa; Bb + bb genotypes.
Additionally, Fokl f, Apal a and Bsml b alleles are
significantly associated with MM disease
development. Lastly multiple clinico-pathological
parameters showed significant association with
various genotypes of VDR gene. In conclusion, this
study provides a brief insight about role of VDR
gene polymorphisms and increased susceptibility of
MM occurrence in Indian population. Additionally,
vitamin D supplementation might be given along
with conventional chemotherapeutic agents for
myeloma treatment, in future.
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Abstract:

The differentiation status plasticity of Multiple
Myeloma (MM) plasma cells (PC) is an adaptive
strategy that might confer a specific fitness to
tumour cells, enabling their interaction to an
evolving microenvironment. Therefore, MM clones
are not constantly "fit", and the immunophenotypic
profile of the fittest MM PCs might be the
expression of specific genetic and genomic
programs, emerging under therapeutic pressure and
promoting tumour development. However, the
genomic background that supports any diverse
plasma cell differentiation phenotypes has not yet
been inferred. To correlate the genetic and genomic
background with the immunophenotypic profile of
MM clones at diagnosis, in order to stratify patients
(pts) according to a Maturation Index. 114 newly
diagnosed MM pts were included in the study. For
each pts, both the neoplastic PCs and CD19+ B cells
compartments were characterized by 8-color multi-
parameter flow cytometry analysis. Both whole-
genome copy number alterations (CNAs) and a 25-
genes targeted mutational panel were assessed in
CD138+ PCs. A custom ddPCR assay was employed
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to evaluate the self-renewal status of PCs. In order to
define a Maturation Index, pts were evaluated for: a)
differential expression of CD19/CD81 markers; b)
level of chromosomal instability (CIN); ¢) self-
renewal status. According to the CD19 and CD81
markers co-expression, we were able to stratify pts
in 3 different subgroups, recapitulating a progressive
PC maturation process: the most immature, which
included pts with PCs CD19+/CD81+ (20/114 =
17%); an intermediate CD19-/CD81+ phenotype
subgroup (40/114 = 35%); and the CD19-/CD81- PC
subgroup (54/114 = 48%), whose clone was mainly
composed by most mature plasma cells. Pts with an
advanced differentiation status (CD19-/CD81-) were
more frequently associated to a high CIN (medium
tot. CNAs = 550, % GC > 25%), including a higher
prevalence of high-risk features. Indeed, 1p deletion
(FAF1), 169 deletion (WWOX, FANCA) and 17p
deletion (TP53) were the most recurrent
abnormalities. Genomic instability was also
confirmed by a higher incidence of clonal
pathogenic mutations in critical genes (e.g. NRAS,
KRAS, TP53). Interestingly, the application of a 10
Hh-genes signature, resuming the Hedgehog
pathway, demonstrated that PCs with more advanced
differentiation status displayed a substantial
overexpression of all the genes, indicating a more
proliferative, aggressive and, possibly, persistent
phenotype. Finally, the presence of a more mature
PCs characterized pts carrying baseline clinical
features associated to bad prognosis (e.g. n. PET
lesions, k/1 ratio, ISS III, B2-microglobulin; p<.05).
In addition, these pts tended to obtain high quality
response rates (>VGPR) to PI induction therapy. A
Maturation index defined pts with an advanced
differentiation status both at immunophenotypic as
well as at molecular level, and this is lastly
associated with a prevalence of bad prognosis
features.
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Introduction Genomic instability is a hallmark of
Multiple Myeloma (MM), with almost all patients
displaying cytogenetic abnormalities including
ploidy changes, deletions, amplifications and
translocations. A common recurrent genetic event in
MM with prognostic significance is the deletion of
chromosome 1p. TRIM33, an E3 ligase, is located
within this deleted region at 1p13. Recent studies
demonstrate a role for TRIM33 in the PARP-
dependent DNA Damage Response (DDR) and
showed that loss of TRIM33 results in the
accumulation of chromosomal abnormalities.
TRIM33 functions as a tumour suppressor in a
number of cancer types, including chronic
myelomonocytic leukaemia and hepatocellular
carcinoma. Low TRIM33 expression has previously
been associated with poor overall survival in MM
(GSE2658), however, little is known about its
molecular function in MM. Methods The
CoMMpass dataset (IA13 release) was screened to
identify patients with a TRIM33 deletion and
correlate this data with structural events and
survival. ALC-1, TRIM33 and yYH2AX expression
was analysed by co-immunoprecipitation and
Western blotting. Results To explore the impact of
loss of TRIM33 on genomic stability, we analysed
chromosomal abnormalities in the CoMMpass
dataset. Structural variants, including deletions,
inversions, duplications and translocations, were
analysed in all MM patients in the dataset (875); of
these 47 patients had a deletion of the region
containing TRIM33. This analysis identified a
median of 29 structural variants per patient in total.
However, patients with a TRIM33 deletion had a

significantly higher median of 50 structural variants
(P<0.0001), suggesting that the loss of TRIM33 may
contribute to genomic instability of MM cells.
Survival data was available for 119 of these patients;
Kaplan Meier survival analysis showed that patients
with a deletion of TRIM33 (n = 5) have a poorer
overall survival (P<0.05). TRIM33 has been
reported to participate in the DNA damage response
by limiting the activity of ALC1 at sites of DNA
damage. Consistent with this, using co-
immunoprecipitation we demonstrate a rapid, but
transient, interaction between TRIM33 and ALC1 15
minutes after doxorubicin-induced DNA damage,
which is lost after 30 minutes. Furthermore, we
show that cell lines with low TRIM33 exhibit higher
expression of YH2AX, indicative of higher baseline
DNA damage. Conclusion Deficiencies in DDR can
lead to genomic instability, resulting in the
accumulation of chromosome abnormalities. Here
we show that the loss of TRIM33 can lead to DDR
deficiencies in MM and is correlated with increased
genomic instability. Further understanding of the
role of TRIM33 in DDR may open up opportunities
to therapeutically exploit DNA repair defects in
patients with loss of TRIM33.
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Abstract:

Introduction Genomic instability is a prominent
feature in the development and progression of
Multiple Myeloma (MM). The E3 ligase HUWE1
contributes to the regulation of genomic stability by
promoting DNA damage tolerance during replicative
stress. Previous studies, by our lab and others, have
shown dysregulation of HUWEL in MM. We have
demonstrated an increase in expression of HUWE1
across plasma cell dyscrasias and HUWEL has been
reported as a mutational driver in t(11;14) myeloma.
The aim of this study was to investigate the role of
HUWEL in DNA replication and explore whether
dysregulation of HUWE1 contributes to genomic
instability in MM. Methods Cell cycle analysis was
performed using Click-iT Alexa Fluor 488 flow
cytometry assay kit (Thermo Fisher). HUWE1
mutational status was analysed using the CoMMpass
dataset (IA13 release). Genomic instability was
assessed using the PIG-A mutation assay and
micronucleus analysis (Litron Labs) in a panel of
HUWE1 mutant (U266, XG-1, XG-2, KMS-27,
H1112) and HUWE1 wild-type (JJN3, MM.1S,
MOLP8, KMS-18, OPM-2) MM cell lines. Results
Consistent with previous reports, we found that
knockdown or inhibition of HUWEL in MM cell
lines leads to an S-phase cell cycle arrest, indicating
that HUWEL is required for effective replication.
Additionally, using proteomic profiling coupled with
co-immunoprecipitation we identified novel putative
substrates of HUWEL that are involved in
replication. We examined the effects of HUWE1
dysregulation on genomic stability in MM. The
CoMMpass dataset (I1A13 release), which includes
31 patients with a nonsynonymous HUWE1
mutation, was analysed for markers of genomic
instability (structural variants and mutations). Whilst
there was no difference observed in large structural
variants between HUWE1 wild-type and mutant
patients, there was, however, a significant increase
in mutational burden. Patients with a HUWE1
mutation exhibited an increase in the average
number of both total (519 vs 1013; p < 0.001) and
nonsynonymous mutations (65 vs 225; p < 0.0001).
Furthermore, analysis of genomic instability, using
the PIG-A assay, in HUWEL1 wild-type and mutant
MM cell lines demonstrated that the HUWEL mutant
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cells exhibit a significantly increased mutation rate
(p=0.0023) with an associated > 2-fold increase in
micronuclei frequency. Conclusion HUWE1
dysregulation has been implicated in promoting
genomic instability. Here we show, in silico and in
vitro, that MM patients and cell lines with HUWEL1
mutations exhibit genomic instability characterised
by an increased mutational burden. Understanding of
the mechanisms driving genomic instability in MM
may highlight novel opportunities for therapeutic
targeting.
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Abstract:

Introduction: A hallmark of myeloma is high level
production of immunoglobulins leading to a heavy
load on protein folding and homeostasis in tumor
cells. The aminopeptidase gene family catalyze the
hydrolysis of amino acid residues from proteins or
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peptides and are last in line for protein degradation.
They are thus an important group of metalloenzymes
implicated in cellular functions such as
differentiation, cell cycle, DNA repair, and
apoptosis. Since aminopeptidases operate
downstream of the ubiquitin-proteasome pathway,
enzymatic activity of these proteases can be utilized
by peptide conjugated drugs. However, there is
limited information about the expression of
aminopeptidases in myeloma. Methods: 103 bone
marrow aspirates from myeloma patients and 2
healthy donors were obtained after written informed
consent and following approved protocols in
compliance with the Declaration of Helsinki.
CD138+ cells were enriched and used for RNA or
protein preparation. lllumina compatible RNA
sequencing libraries were prepared and sequenced.
Proteomic analysis was performed using Q-Exactive
MS/Dionex Ultimate 3000 instruments. Contribution
of aminopeptidase gene expression on survival
outcome was estimated by Kaplan-Meier analysis.
Significance for survival curves between two groups
(high vs. normal expression) were deduced using a
log rank test (Mantel-Cox). Results: We investigated
aminopeptidase expression in 103 myeloma
samples. Expression levels were ranked based on
abundance levels in all samples, then focused on
aminopeptidases differentially expressed compared
to heathy plasma cells. The majority of the genes in
patient samples showed related expression patterns
or were modestly overexpressed (DPP7, DPP3,
METAP2 and LAP3) compared to healthy plasma
cells. Decreased expression was detected for several
aminopeptidases including MMP14, MMP15,
ANPEP, ENPEP, and CTSH. LAP3 mRNA and
protein expression also correlated to each other.
Furthermore, we investigated whether any
aminopeptidase could be linked to disease
progression and found no significant differences.
Expression levels of LAP3, ERAP1, METAP2 and
DPP7 (P > 0.005) appeared higher in relapsed than
in NDMM samples. However, comparison of
expression levels in six paired NDMM and RRMM
samples showed a trend for increased LAP3 at
relapse. To assess whether prior exposure to
treatments may associate with LAP3 expression, we
compared expression between samples exposed and

naive to mel, btz or IMIDs. Elevated expression of
LAP3 was detected in all treated groups (mel
P=0.01, btz P=0.04 and IMIDs P=0.04). Survival
analysis revealed that patients with samples
exhibiting 2x or higher LAP3 expression had poorer
prognosis with a median survival of six months from
the sampling date (P=0.0001, HR 4.5; 95% CI 1.45-
14.05). Conclusions: Differential aminopeptidase
expression was assessed in both normal and
malignant human plasma cells with LAP3 identified
as a potential poor prognostic marker for myeloma.
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Abstract:

Epigenetic regulation of signaling pathways plays a
crucial role in tumorigenesis. Histone deacetylases
(HDAC:S) therefore represent novel therapeutic
targets for various types of cancers, including
multiple myeloma (MM). Non-selective HDAC
inhibitor panobinostat has been approved to treat
MM:; however, unfavorable adverse events limit its
clinical application. We have demonstrated that
selective HDAC3-inhibition induces significant MM
cell growth inhibition, associated with
downregulated expression of DNA
methyltransferase (DNMT1). The methylation of
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genomic DNA is catalyzed by DNMT1/3, and DNA
methylation is shown to be abnormal in all forms of
malignant cells. In this study, we analyzed the
mechanisms and sequelae of HDAC3-mediated
modulation of DNA methylation in MM. We first
performed whole-genome bisulfite sequencing in
MM.1S cells transduced with shHDAC3, shDNMT1
or shLuc (as control). We then examined distribution
of differentially methylated positions (DMPs) and
regions (DMRs). We identified DMPs and DMRs
which were altered in both HDAC3 and DNMT1
knockdown (KD) cells. For example, there were
more hypomethylated DMPs than hypermethylated
DMPs in HDAC3-KD or DNMT-KD cells (vs
shLuc), consistent with the functional significance of
our previous study showing HDA3 inhibitor-induced
DNMT1 downregulation in MM cells. Importantly,
the number of hypomethylated DMPs in HDAC3-
KD cells was greater than in DNMT1-KD cells
(22,749 and 3,823 in the setting of p<0.01 and 3,680
and 324 in the setting of p<0.001), respectively. As
expected, Venn diagrams for hypomethylated and
hypermethylated DMRs showed significant overlap
of DMRs between HDAC3-KD and DNMT1-KD
cells. These results suggest that HDAC3 inhibition
modulates DNA methylation status, at least in part,
through DNMT1 inhibition. We next studied
hypomethylated DMRs in promoter regions in both
HDAC3-KD and DNMT1-KD cells. We identified
hypomethylated promoters of 18 genes including
ABCAD5 and SH3BP2. Since methylation alters gene
expression and is therefore a potential therapeutic
target, we also analyzed downregulated genes with
hypomethylated DMPs and DMRs in gene bodies in
both HDAC3-KD and DNMT1-KD cells.
Importantly, we identified common DMPs and
DMRs in 6 genes (ANK3, RABGAP1L, ROBO1,
RUNX2, TCF4 and UNC13C). We further
investigated DMPs and DMRs in regulatory regions
defined by H3K27 acetylation peak shown in
Encyclopedia of DNA Elements (ENCODE), which
confirmed upregulated genes with hypomethylated
DMPs or DMRs. In summary, our analyses indicate
that HDAC3 modulates DNA methylation at a broad
range of genomic sites via both DNMT1-dependent
and -independent mechanisms mediating MM cell
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growth inhibition, providing the basis for novel
targeted therapeutics in MM.
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Abstract:

INTRODUCTION: Multiple Myeloma (MM) is a
genomically heterogeneous malignancy,
characterized by a relevant mutational burden, as
compared to other types of cancer. By employing a
frequentist approach to define MM driver mutation,
a landscape of few variants in a limited number of
genes, mostly associated to survival and/or
proliferative pathways (eg. KRAS, NRAS, TP53,
BRAF), have been reported so far. Nevertheless,
given the high genomic heterogeneity of MM
plasma cells, new possible driver mutations, being
rare and/or scattered across the genome, might be
diluted within the genomic complexity and therefore
missed. In fact, the frequentist approach applied to a
very heterogeneous state, naturally includes false
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negative within its classification. This bring into
question the canonical frequentist approach ability to
correctly determine the true driver status of MM
mutations. AIM: To develop a variants classification
method able to both harness and harmonize all
possible evidences of variants' pathogenicity (i.e.
clinical, biological, and in-silico), in order to
integrate prior knowledge about driver events and,
ultimately, to generate a comprehensive list of
candidate driver mutations from sequencing data of
each single tumor. PATIENT-METHODS: A
targeted ultra-deep Next Generation Sequencing
approach was employed to explore a panel of 25
genes (frequently mutated in MM) in 109 newly
diagnosed patients. We set up an algorithm,
"VarianThinker", designed to obtain the best
separation between uncertain significance (VUS)
and characterized variants. To this aim,
VarianThinker employs, and appropriately
combines, each available information derived from
Annovar, a commonly used variant annotation tool,
consisting of annotations from clinical databases
(CLINVAR, COSMIC), population databases
(dbSNP, GnomAD) and in-silico biological
predictions methods (LJB, VEST, PROVEAN, etc.).
The output consists in a bivariate classification
system, composed of a 4-class pathogenicity label
(PG), spanning from A (pathogenic) to D (benign),
combined to a 5-class confidence label (CO),
spanning from 1 (confident) to 5 (uncertain).
RESULTS: A total of 1214 calls have been
obtained; of these, 903 (74,4%) were assigned to a
high confidence state (CO<2), 287 (23,6%) to a
medium confidence state (CO<4) and only a very
low number (24, 1,9%) to a VUS state (CO=5).
TP53, KRAS and NRAS lesions were confirmed
driver variant, being called as stringently pathogenic
(PG=A) and confident (CO<2). Of interest, both
CO3 and CO4 are able to efficiently discriminate
candidate driver variants among different PA
classes, as shown on TP53, DIS3, MYC, LRRK2
and SP140 genes. CONCLUSION: VariantThinker
is a new algorithm for variant calling analysis, able
to recapitulate canonical driver mutations and to
resolve false negative results. It might help to define
novel MM driver variants within the complexity of
MM genomic landscape.
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Abstract:

Introduction: Myeloma (MM) is an incurable cancer.
Effective predictive & prognostic markers are
needed to optimize care. Irregular nuclei are
common in cancer and may correlate with
malignancy. Lamin proteins, type V intermediate
filaments classified into A (lamin A & C) and B (B1
& B2), are major components of the nuclear lamina.
It determines nuclear shape, architecture, and other
structural changes observed in cells. Altered nuclear
lamina can interfere with cell functions, increase
nuclear fragility, gene expression and proliferation.
Changes in the expression of lamin A/C (protein and
MRNA) correlated with progression in some
cancers. We describe the first report on the 3D
spatial distribution of lamin A/C in Myeloma cell
line, in Myeloma cells isolated from newly
diagnosed patients and compare it with B-
lymphocytes from healthy donors. Methods:
Commercially available cell line MM.1R CRL-2975
was used (ATCC, Manassas, VA, USA). After REB
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approvals, the peripheral blood of ten newly
diagnosed MM patients and ten healthy volunteers
was obtained. The cells were isolated using Ficoll-
gradient centrifugation (Ficoll-PaqueTM Plus, 17-
1440-02, GE Healthcare, Little Chalfont, UK).
Staining with anti-CD 138 & anti-CD56 antibodies
were used to identify MM cells, and anti-CD 20
identified B-lymphocytes. B-lymphocytes were
treated with Lipopolysaccharides (LPS) (SIGMA,
L2630, St. Louis, MO, USA) prior to imaging to
enhance Lamin A/C expression. The cells were
incubated at 37 °C with anti-Lamin A (1:200
dilution, 45 minutes, rabbit polyclonal, ab26300,
Abcam Ltd., Cambridge, UK) then with goat anti-
rabbit antibody (1:500 dilution, 30 minutes,
Invitrogen, Carlsbad, CA, USA). All cells were
analyzed by 3D imaging with a series of 80 z-stacks,
each with a thickness of 0.2 pm. The images were
deconvolved using the constrained iterative
restoration algorithm with Theoretical point-spread
function, and rendered using the Transparency
Module. ZEN Blue 2.6 (Carl Zeiss, Toronto, ON,
Canada) computer software was used to perform
lamin A/C measurements in the identified patterns.
Each pattern has different intensity of pixels and the
Two-tailed t-test was used to compare lamin A/C
pattern ratios. Results: B-lymphocytes displayed
regular spherical 3D lamin A/C expression with no
lamin A/C internal structures. The MM cell line and
patient derived MM cells had irregular 3D
distribution of lamin A/C. This was classified
according to the complexity of internal lamin
structures into statistically distinct patterns 0, A, B,
or C. The patterns in cell line were of less
complexity compared to patient MM cells. While the
cell line results were consistent, there was low
variability between patients. Conclusions: This is the
first report on the aberrant organization of lamin A/C
in MM nuclei. Further studies of lamin A/C internal
structures in MM are needed to explore its potential
as predictive and prognostic marker.
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Abstract:

Background. Multiple myeloma (MM) is a complex
and heterogeneous malignancy of plasma cells that
has two precursor states: monoclonal gammopathy
of undetermined significance (MGUS) and
smoldering multiple myeloma (SMM). Although Ig
translocations, copy number alterations and somatic
mutations are known genomic events involved in
MM progression; precursor patients with similar
genomic profiles often display differences in their
progression rates to MM. Variations in disease
progression rate and response to the treatments
highlight the potential contribution of epigenetic
events in onset, progression and heterogeneity of
MM. This study aimed to define epigenetic
pathways that lead to the dynamic regulation of gene
expression in MM pathogenesis. Methods. We
performed ATAC-seq, RNA-seq and whole genome
sequencing on CD138+ plasma cells isolated from
bone marrow aspirates of 3 healthy donors, 13
SMM, 9 newly diagnosed MM (NDMM) and 9
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relapsed (RRMM) patients. ATAC-seq libraries
were normalized using a novel analytical method
BREN. The accessibility was calculated for peaks
within 100Kb of genes that showed differential
expression between normal and SMM or SMM and
NDMM samples. The peaks showing the greatest
(top 1%) variability was used to cluster the samples
in an unbiased manner. Results. To characterize the
epigenetic regulation of gene expression in MM
progression, we first identified enhancers and
promoters around known transcription start sites in
normal plasma cells (NPC), SMM, NDMM and
RRMM patients. To investigate the dynamic
regulation of gene expression in progression to
SMM and MM, we looked at 714 differentially
expressed genes in SMM vs NPC and NDMM vs
SMM comparisons, and integrated them with most
variable non-coding regions defined for each gene
from matched ATAC-seq patients and H3K27Ac
ChlP-seq data from MM cell lines. This analysis led
to identification of enhancers for 21 genes
differentially expressed in SMM and NDMM such
as KIAA0907, PRDM5, TERT, CNTN5 and
CD79A. Of note, unbiased clustering of samples on
novel enhancers displayed distinct accessibility
patterns for SMM, NDMM and RRMM patients
indicating that those regulatory elements actively
regulate expression levels of their target genes in
progression from SMM to NDMM. Conclusion. We
have generated a global epigenetic map of primary
tumors from patients at the smoldering, newly
diagnosed and relapsed/refractory stage of multiple
myeloma. Integrative analysis of ATAC-seq data
with transcriptome and whole-genome map of active
histone marks in our study led to the identification of
novel enhancers that gain accessibility upon disease
progression and regulate expression of genes that are
involved in pathogenesis of multiple myeloma.
Those enhancer elements and their target genes thus
might represent as novel epigenetic biomarkers and
potential vulnerabilities in MM.
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Abstract:

Background: t(11;14) is found in 16%—24% of
multiple myeloma [MM] patients and is generally
classified as standard risk (Sonneveld et al. Blood.
2016). Its effect on MM prognosis is not fully
understood. Consensus is lacking on the effects of
induction treatment on outcomes with t(11;14). The
Connect® MM Registry (NCT01081028) is a large,
US, multicenter, prospective observational cohort
study of patients with newly diagnosed MM
designed to examine real-world diagnostic patterns,
treatment patterns, clinical outcomes, and health-
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related quality of life patient-reported outcomes in
patients with newly diagnosed MM. The association
of t(11;14) with treatment outcomes are reported.
Methods: Analysis included data from patients from
250 community, academic, and government sites in
cohort 1 (9/2009-12/2011) and cohort 2 (12/2012—
4/2016), who completed first-line induction
treatment (IMiD agent [lenalidomide or
pomalidomide] + proteasome inhibitor [P1], PI only,
or IMiD agent only) and were tested for t(11;14) by
fluorescence in situ hybridization or cytogenetics.
Primary end points (progression-free survival and
overall survival) were measured from start of first-
line treatment to earliest event (progression-free
survival, death or progression; overall survival,
death), loss to follow-up, or data cutoff, adjusted for
baseline risk factors. A sensitivity analysis excluding
patients with concomitant cytogenetic abnormalities
[del 17p, t(4;14), t(14;16), 1g+] was also performed.
Results: As of 1/2018, 3011 patients were enrolled;
2938 were treated. Of 1574 enrolled patients tested
for t(11;14), 378 were t(11;14)+ and 1196 were
t(11;14)—. More patients in cohort 2 than cohort 1
were t(11;14)+ (60% vs 40%). Baseline
characteristics were similar between groups. t(11;14)
status did not significantly affect progression-free
survival (for all treated patients [34.8 vs 35.7 mo]
and each treatment group [IMiD agent + PI, 42.6 vs
45.2 mo; Pl only, 32.9 vs 29.5; IMiD agent only,
30.3 vs 32.3 mo]) or overall survival (for all treated
patients [74.0 vs 77.3 mo] and each treatment group
[IMiD agent + PI, not reached (NR) vs NR; PI only,
NR vs 70.0 mo; IMiD agent only, 62.7 vs 73.4 mo]).
Patients in cohorts 1 and 2 received similar first-line
treatments (IMiD agent + PI, 30% vs 42%; Pl only,
42% vs 43%; IMiD agent only, 17% vs 11%).
Results were similar when patients with concomitant
abnormalities were excluded. Conclusion: Results of
this analysis of real-world data from the Connect
MM Registry, a large, US-based MM registry,
suggest that t(11;14) does not affect progression-free
survival and overall survival outcomes in newly
diagnosed MM patients with currently utilized
treatment regimens.
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Abstract:

Background:It has been reported that cytogenetic
abnormalities, as detected by FISH, occur in ~60%
of patients (pts) with newly diagnosed multiple
myeloma (NDMM; Al-Maeen IntJ Lab Heme
2016). The Connect® MM Registry
(NCT01081028) is a large, US, multicenter,
prospective observational study of pts with NDMM
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designed to examine real-world diagnostic and
treatment patterns, clinical outcomes, and health-
related quality of life. We report the incidence of
baseline cytogenetic abnormalities in pts from
Connect MM and we identify associations between
common abnormalities that are currently not well
understood for pts with MM. Methods:Data from pts
from 250 community, academic, and government
sites in cohort 1 (9/2009-12/2011) and cohort 2
(12/2012-4/2016), who had cytogenetic analysis
performed via FISH of bone marrow (BM) aspirate
or biopsy were included. Cytogenetic abnormalities
probed for included hyperdiploidy (trisomies of
chromosomes 3, 5, 7, 9, 11, 15, 19, and 21; defined
per IMWG; Sonneveld Blood 2016), hypodiploidy
(<44 chromosomes; defined per Van Wier
Haematologica 2013), 1g+, del(13), del(17p)/p53,
t(4;14), t(11;14), other Ig heavy chain gene
abnormalities, other abnormalities (complex results
of <2 abnormalities not previously listed), and
complex (complex results of >3 abnormalities).
Associations between common cytogenetic
abnormalities were classified as isolated (no
association; 1 cytogenetic abnormality), single (2
cytogenetic abnormalities), or multiple (>2
abnormalities). Using Circos plots, frequency of
abnormalities (segments, proportion along
circumference) and associations with other
abnormalities (ribbons with relative sizes connecting
abnormalities) will be visualized. Results:Of 3011
enrolled pts (84% from community sites), BM
aspiration or biopsy was performed in 2943, and
baseline cytogenetic abnormalities were assessed by
FISH in 2058 (68%). Of the 2058 pts, 538 (26%)
had normal cytogenetics, 1423 (69%) had
cytogenetic abnormalities, and 97 (5%) were
missing/not specified. Among pts with cytogenetic
abnormalities, 2986 abnormalities were identified
(numbers not mutually exclusive); the most frequent
were del(13) (n=655; 22%), t(11;14) (n=372; 12%),
and hyperdiploidy (n=371; 12%). Of 1423 pts with
cytogenetic abnormalities, 512 (36%) had no
association, 436 (31%) had 1 association, and 475
(33%) had multiple associations between
abnormalities (numbers mutually exclusive). Del(13)
(n=143; 28%), hyperdiploidy (n=106; 21%), and
t(11;14) (n=82; 16%) were the most frequent

isolated abnormalities. The most common single
associations were hyperdiploidy with 1g+ (n=46;
11%) or other (n=37; 8%), and del(17p)/p53 with
del(13) (n=36; 8%). Data for karyotyping was
similar. Conclusion:Using real-world data from the
Connect MM Registry we described the
heterogeneity of cytogenetic abnormalities and their
associations in pts with NDMM. Characterizing
associations amongst abnormalities may help better
understand clinical behavior.
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Abstract:

Background: Multiple myeloma (MM) cell lines are
routinely used in laboratories around the world to
model the disease. However, a long-standing
question is how well these cell lines truly represent
tumor cells in patients. Recently, a novel
transcriptional correlation profiling approach used
data from >9,000 patient tumors from TCGA and
>600 cell lines from CCLE to identify lines that best
represent patient disease and encourage their more
widespread use in biological studies (Yu et al,
Biorxiv, 2018). Here, we applied the same approach
to RNA-seq data from 779 newly-diagnosed MM
tumor samples and 66 MM cell lines. Our goal is to
inform the MM community of cell lines that may be
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most reliable for modeling in vivo disease and those
which should perhaps be avoided. Methods:
Transcriptomic data for patients and cell lines were
acquired from the CoMMpass database (IA13
release) and the Keats Lab repository
(www.keatslab.org). Counts were normalized via
variance stabilizing transformation. The 5,000 most
variable genes across patients were used for
Spearman's rank correlation to prioritize cell lines.
Patient subset identification was performed per SNV
calls in CoMMpass and translocation determination
as in Barwick et al (Nat Comm (2019) 10:1911).
Results: Initial analysis of global transcriptional
profiles based on Principal Component Analysis of
MM cell lines and patient tumors showed two
distinct clusters. The range of Spearman's rank
correlations comparing the transcriptome of all MM
cell lines to all patient tumors was ~0.4 to ~0.6,
similar to values seen in prior TCGA-wide anlysis.
For 25 overlapping cell lines also in the CCLE, we
found that correlate rank order was robust to RNA-
seq performed by different groups. ANBL-6 was the
"best" cell line with a mean correlate of 0.58,
significantly exceeding that of all other lines
(p<2.2e-16 by Wilcoxon test). MMM-1 and FR4 cell
lines were significantly "worse" than all other lines
(mean R =0.39 and 0.40, respectively, both p<2.2e-
16). Notably, lines cultured with IL-6 were
significantly enriched in the upper half of cell line-
patient correlations (p = 2.3e-4), indicating that
microenvironment factors drive the tumor
transcriptome signature. MM.1S and MM.1R were
among the best-correlated cell lines grown without
IL-6. Gene Set Enrichment and Gene Ontology
analyses identified signatures of cell cycle genes and
MY C signaling enriched in cell line transcriptomes,
whereas immune regulatory pathways were
upregulated in patients. Subsetting on genomic
features, we found that t(4;14), t(14;16), and t(14;20)
tumors were better modelled by cell lines harboring
the same translocations, but not t(11;14), KRAS, or
NRAS mutations. Conclusion: Our genome-wide
analysis systematically quantifies differences
between MM cell lines and patient tumors, and
provides a metric for choosing cell lines for in vitro
studies. In particular, our work suggests that ANBL-
6 should be utilized more broadly in MM research.
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Abstract:

Introduction: Gain of chromosome 1q (+1q) in
multiple myeloma is associated with inferior
outcomes including survival. However, the
prognostic impact of +1q has yet to be determined in
the setting of current standard-of-care triplet
induction regimens. Methods: We retrospectively
analyzed all consecutive patients with multiple
myeloma who were seen at Emory University
between November 1, 2010 and December 31, 2014
and were treated with lenalidomide, bortezomib, and
dexamethasone (RVD) induction. Patients were
excluded if it was unknown whether +1q was
present by fluorescent in situ hybridization (FISH) at
the time of initial diagnosis. Clinical characteristics
at diagnosis were determined, including age, sex,
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and race, laboratory values for hemoglobin,
creatinine, calcium, albumin, lactate dehydrogenase,
beta-2-microglobulin, isotype, paraprotein, serum
free light chain ratio, FISH for +1q, t(11;14), t(4;14),
t(14;16), del(17p), del(13q), and hyperdiploidy.
Patients were also categorized by their ISS stage, R-
ISS stage, treatment with autologous stem cell
transplantation (ASCT), and whether maintenance
therapy was prescribed. The primary outcomes were
response to RVD induction by IMWG criteria,
progression free survival (PFS), and overall survival
(OS) of patients with +1q compared to patients
without +1q. Subgroup analyses were performed to
evaluate the impact of 1q copy number (2, 3, or >4
copies indicating gain of 0, 1, or >2 copies of 1q)
and the presence or absence of other high risk
cytogenetic abnormalities (t(4;14), t(14;16), or
del(17p)) in patients with or without +1q. Results:
Our search identified 201 patients who met criteria
for inclusion in this study. Patients with +1qg (n=94,
46.7%), compared to those without +1qg (n=107),
had shorter median progression-free survival (PFS)
(41.9 months vs 65.1 months, p=0.002, HR=1.90)
and overall survival (median not reached for either
arm, p=0.003) despite having a higher probability of
achieving a very good partial response or better after
RVD induction (75.0% vs 59.8%, p=0.02). This
hazardous effect on PFS remained significant on
multivariate analysis (p=0.018, HR 1.89). Increasing
copy number of 1g was associated with
progressively shorter PFS (65.1 months, 55.9
months, and 34.6 months for patients with 2, 3, or >
4 copies, respectively; p=0.0063). Patients with co-
occurrence of +1q and t(4;14), t(14;16) or del(17p)
had a median PFS of 25.1 months, which is
significantly worse compared to patients with only
one or neither of these cytogenetic abnormalities
(p<0.001). Conclusion: Despite excellent responses
to RVD induction, patients with +1g myeloma are at
high risk for early progression and death. Increasing
copy number of 1g was associated with worse PFS.
Co-occurrence of +1qg with t(4;14), t(14,;16), and/or
del(17p) may represent a "double hit" myeloma that
should be further investigated and prompt
consideration of novel treatment approaches.
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Abstract:

We generated eight multiple myeloma (MM) cell
lines resistant to bortezomib (BTZ) by exposure to
increasing drug concentration: five of them acquired
novel PSMB5 mutations. Given the rarity of similar
mutations in over 1,500 analyzed MM patients, we
explored in depth the role of the proteasome on MM
cell viability and BTZ sensitivity by systematically
deleting the major proteasome targets of BTZ. We
demonstrated that MM cell lines without PSMB5
were surprisingly viable. PSMB5 mutated, BTZ
resistant, MM cell lines were re-sensitized to BTZ
when PSMBS5 was experimentally deleted, implying
that this mutation is activating in its drug resistance
function. In contrast PSMB6 knockout was lethal to
MM cell lines, which were efficiently rescued by re-
introduction of wild type PSMBB. Interestingly,
reduction in PSMBS6 levels also prevented the
splicing of the major catalytic subunits PSMBS5,
PSMB7, PSMB8 and PSMB10. PSMB6 engineered
with no splicing function or catalytic activity, also
restored viability, inferring that the contribution of
PSMB6 to proteasome structure is more important
than functional activity. Supporting this observation,
BTZ sensitivity was restored in resistant MM cells
line by introducing low level expression of mutated
PSMB6 lacking splicing function. As with PSMB6,
PSMB7 knockout was lethal to MM cell lines. In
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contrast, loss of immunoproteasome subunits
PSMB8 and PSMB9 was neither lethal nor restored
sensitivity to BTZ. Significant co-dependency was
observed between the different constitutive PSMB
subunits —for example expression of PSMB6 and
PSMB7 was significantly reduced in MM cell lines
without PSMBS5, and expression of PSMB5 and
PSMB?7 was significantly reduced in MM cell lines
expressing low levels of mutated PSMB6.
Therefore: 1) PSMBS5 depletion which is lethal to
yeast, is surprisingly non-lethal to human MM cell
lines; 2) In contrast deletion of PSMB6 or PSMBY is
lethal to human MM cell lines; 3) Expression of
PSMB5, PSMB6 and PSMB?7 proteins is highly co-
dependent. 4) Loss of PSMB6 resulted in a loss of
splicing of PSMB5, PSMB7, PSMB8 and PSMB10;
5) Expression of PSMB6 lacking either catalytic or
splicing function restored viability and normalized
splicing of PSMB5 and PSMB7; 6) With respect to
BTZ sensitivity, PSMB5 mutation (Met104Val)
found in cell lines confer resistance in MM cell lines
which can be reversed by knockout of PSMB5. MM
cells exhibiting either low level expression PSMB6
or PSMB6 lacking splicing function also restored
sensitivity to BTZ. Together these findings
demonstrate that reduction in cellular levels (as
opposed to preventing catalytic activity) of PSMB5,
PSMB6 or PSMB7 may be a new strategy in MM
therapeutics including sensitizing MM cells to
proteasome.
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Abstract:

Next generation sequencing studies have
characterized the mutational landscape in multiple
myeloma (MM) patients, but the functional
relevance of most of these mutations has not been
formally studied. We thus examined how genes
recurrently mutated in MM patients perform in
different CRISPR/Cas9-based functional studies (in
the absence of any treatment) for gene editing (loss-
of function [LOF]; 20 MM lines) or gene activation
(gain-of-function [GOF]; 4 MM lines); genome-
scale studies for resistance to different
pharmacological or immune-based (e.g. NK cells)
treatments; and focused studies on specific genes
(sgRNA libraries or individual sgRNAS). In our
CRISPR LOF studies, it was reassuring that, among
the top 50 most recurrently mutated genes, several
known or proposed oncogenic dependencies (e.g.
KRAS, NRAS, PTPN11, PIK3CA, IRF4 or MAF) or
tumor suppressors (TSGs, e.g. PTEN, TP53, and
FAM46C) exhibited depletion or enrichment,
respectively, of their sgRNAs. We identified though
other genes, which were previously inferred
computationally (based on their mutational patterns)
to represent TSGs in MM or other neoplasias, but
appear to be essential for MM cells (e.g. EP300,
ARID1A, CREBBP) or have no major impact on
survival/proliferation (e.g. SP140). We extended our
evaluation to ~150 genes recurrently mutated in
patients from MMRF CoMMpass study and 31 other
publicly available studies (mostly in newly
diagnosed MM): our CRISPR LOF studies identified
genes with patterns of SgRNA depletion consistent
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with core essential genes (e.g. SF3B1, ATR, POLE,
and SETD?2); broad-spectrum dependencies across
MM and other cancers (e.g. KRAS, PTPN11 and
USP7); and genes with preferentially essential role
for MM compared to other neoplasias (e.g. IRF4,
PRDM1, ARID1A, CREBBP, XBP1). CRISPR LOF
of known/presumed TSGs (e.g. PTEN, TP53,
FAMA46C, CDKN2C, RASA2 or TRAF3) led to
increased proliferation/survival in variable numbers
of MM lines. Notably, though the large majority of
recurrently, even if infrequently, mutated genes (e.g.
FAT1, SP140 or EGR1, ATM, IDH1, IDH2,
IKBKE) had CRISPR LOF results indicative of
limited or no impact on in vitro
survival/proliferation of all or nearly all MM lines
tested. For these latter genes, we typically observed
no significant change in MM cell
survival/proliferation in genome-scale CRISPR
activation studies in the absence of treatment; or NK
cell sensitivity in vitro (genome-scale LOF or GOF
studies). Our results provide insights into the
functional role of genes recurrently mutated in MM
and indicate that LOF or GOF for many, if not most,
of these genes does not alter MM cell
survival/proliferation or NK cell recognition in cell-
autonomous conditions/ The roles, if any, of these
genes and their mutations in MM pathophysiology
merit studies in more complex systems e.g.
addressing tumor-microenvironment interactions or
combinational gene interactions.
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Abstract:

Introduction: Gene mutations in multiple myeloma
(MM) are strongly predictive of clinical outcomes,
and clonal evolutions occur during the course of
treatment. In this study, we followed changes in
mutations and acquisition of clonal evolution in
myeloma cells. Methods: We followed 7 cases of
newly diagnosed MM for an average of 8.4 years
(range 2-17 years). Bone marrow samples were
analyzed at initial diagnosis and at each disease
progression. DNA was extracted using QIAGEN
DNAeasy Blood and Tissue Kit from myeloma cells
in bone marrow, sequenced for targeted genes, and
the genomic data was analyzed. We will present
changes in gene mutations along with their clinical
course for each patient. Results: There were two
cases related to TP53 mutation. One acquired TP53
mutation during a long treatment course, while it
was present at diagnosis in the other. They were both
resistant to various treatments including proteasome
inhibitors (PIs), immunomodulatory drugs (IMiDs)
or a CD34 antibody, and had short clinical courses.
Another 2 cases had multiple gene mutations such as
DIS3, FAM46C, KDM6B and EGR1. These
mutations, along with some gene translocations and
deletions detected by FISH, could not be eliminated
by multiple courses of treatment, and they had poor
response to each treatment. One case showed a loss
of mutation pattern. RB1 mutation was acquired
after first treatment, which significantly decreased
after the following treatment, however the patient
was deceased within 3 months after losing RB1
mutation. We suspect the decrease in RB mutation
might reflect the overall loss of RB genes. In the
remaining 2 cases, no gene mutations associated
with poor prognosis were detected, and both had
good response to each treatment. They are currently
still in good status, with one in partial remission
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(PR) after 10 years, and the other in very good PR
after 13 years of clinical courses. Conclusion: To our
knowledge, this is the longest follow-up to date of
the transition of gene mutations in myeloma
patients. After acquiring mutations related to poor
prognosis, such as TP53, even a combination
regimen of Pls and IMiDs, or a daratumumab-
containing regimen seemed unable to eliminate the
mutations and prevent disease progression.
Therefore, achieving as deep response as possible at
an early stage, including Minimal Residual Disease
(MRD)-negativity, is crucial for long-term survival.
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Abstract:

BACKGROUND: Multiple Myeloma (MM) is a
genetically complex disease, characterized by the
recurrence of several chromosomal aberrations,
which impair the disease prognosis. Besides these,
the use of genome wide technologies has recently
highlighted the existence of heterogeneous chaotic
genomic events, generically defined
"chromoanagenesis”, including chromothripsis
(caused by single-step genomic events) and stepwise
events (consequence of multiple, small and
sequential genomic events, occurring throughout
subsequent cell cycles). The prognostic impact of
chromoanagenesis has not been yet fully elucidated.
AIMS of the present study were (1) to set up a
reliable bioinformatic method, able to distinguish,
characterize and dynamically define the different
chromoanagenesis events (CES), as observed in the
genomic landscape of MM patients(pts) and (2) to
correlate their presence to the disease prognosis.
PATIENTS AND METHODS: 512 newly diagnosed
MM pts have been included in the present study.
Genomic data have been obtained by SNPs arrays as
performed on BM CD138+ enriched cell fractions;
data were analysed with Affymetrix's programs and
R-scripts. RESULTS: An algorithm, able to
characterize CEs, was set up and tested on genomic
data of all pts. Criteria able to discriminate among
the 2 different CEs were defined, by taking into
account both previously reported guidelines for CEs
identification and the MM-specific, highly
heterogeneous genomic context. Overall, 77 pts
(15%) were shown to carry at least one CEs: 49/77
(64%) and 28/77 (36%) carried either chromothripsis
or stepwise events, respectively; both events were
scattered across the whole genome, with any locus-
specific bias. Pts with chromothripsis were more
likely to carry both IgH translocations and TP53
deletion, whereas pts with progressive catastrophic
events were mostly hyperdyploid and carried chrlq
amp. The onset of CEs has been shown to impact on
pts' progression-free and overall survival (PFS, OS),
with HR of 1.322 (p=0.05) and 1.731 (p=0.002),
respectively. In particular, the stepwise events had a
greater impact on PFS (HR 1.61, p=0.034) and on
OS (HR 2.063, p=0.006). Stepwise events maintain a
significant predictive value, both in PFS and OS, in
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a multivariate model including TP53 deletion,
t(4;14) and ASCT. CONCLUSION: The occurrence
of genomic catastrophic events significantly impact
on both OS and PFS of MM pts. Despite the co-
segregation with low/intermediate-risk genomic
aberrations, stepwise events seem to have a more
adverse prognostic impact on survival, as compared
to chromothripsis. The use of genomic-wide
technologies, coupled with specific bio-informatics
tools, might help to more deeply dissect the role of
these genomic events in myelomagenesis, as well as
in the disease progression. Acknowledgements:
AIRC IG 2018 _22059, BolognAlL, RF-2016-
02362532
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Abstract:

Background: Mutational characterisation is
described in newly diagnosed (ND) multiple
myeloma (MM) but remains largely elusive for
relapsed/refractory (RR) patients. Current practice
for mutational characterisation is via analysis of
DNA from single-site bone marrow (BM) biopsies,

which is confounded by the known inter and intra-
clonal spatial heterogeneity of the tumour(s). An
alternative and more comprehensive approach is
through the analysis of circulating cell-free (cf)
tumour DNA (ctDNA) derived from the plasma
(PL). In this study, MM mutational characterisation
was performed on BM MM cell DNA and PL-
derived ctDNA from both ND and RR patients to
investigate if predominant mutations in the advanced
tumour genome can be identified through PL ctDNA
analysis. Methods: Paired BM and peripheral blood
PL from 76 patients (ND = 24; RR = 52) was
processed to extract BM MM cell DNA (CD138
selected) and cfDNA containing ctDNA and
evaluated for mutations in KRAS, NRAS, BRAF
and TP53 using the 96-mutation OnTargetTM
Mutation Detection (OMD) platform. Correlations
between progression-free (PFS) and overall survival
(OS) and the number and type of mutations and the
tumour burden (expressed as the fractional
abundance [FA] - defined as the relative frequency
of a mutant allele at a particular locus and expressed
as a percentage) were evaluated. Results from this
platform were then validated utilizing customized
targeted amplicon sequencing (TAS) of 36 paired
BM and PL samples (ND = 5; RR = 31) for RAS-
RAF (KRAS, NRAS and BRAF) and DNA damage-
repair genes (DDR) (TP53, ATM and ATR). All
statistical analyses were performed with GraphPad
Prism V7. Results: OMD analysis revealed that
RRMM patients had significantly more mutations in
the PL than NDMM patients (mean 0.94 vs 0.19,
respectively, p=0.0002) with 36.5% of RRMM
patients harbouring PL-specific (not detected in BM)
mutations compared to only 8.3% of NDMM
patients. Patients with >2 mutations or a >1% FA in
the PL had significantly shorter OS (p=0.04 and
p=0.0006, respectively). Patients with PL-specific
TP53 mutations had significantly shorter OS
compared to patients with no PL-TP53 mutations
(p=0.003), with no difference in patients with or
without PL-specific KRAS mutations.
Comprehensive TAS confirmed the presence of PL-
exclusive variants in 33/36 (91.7%) of patients,
recapitulating the findings of the OMD platform.
DDR mutations were present at significantly higher
levels in the PL when compared to RAS-RAF
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mutations (p=0.0095) with 16% of the patients
demonstrating PL-specific DDR mutations but only
2.5% of patients with PL-specific RAS-RAF
mutations Conclusion: ctDNA analysis captures the
spatial heterogeneity and provides important
prognostic information in advanced MM, and
identifies more potentially actionable DDR mutated
sub-clones compared to BM analysis. This confirms
the potential of ctDNA analysis for the genetic
characteristation of MM patients at both presentation
and relapse.
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17th International Myeloma Workshop, September 12-15, 2019 | 124

Background & Introduction: Inadequate clinical
response is a major cause of the poor clinical
outcome in multiple myeloma (MM). Although
many biomarkers are available for risk-stratification
of MM, no markers are available that can reliably
predict therapeutic response. Many studies have
reported selective miRNA dysregulation at different
stages of plasma-cell-neoplasms (MGUS to MM),
and their association with high-risk MM. We have
studied a comprehensive serum miRNA profiling in
Indian MM patients treated with VCD-protocol to
explore their clinical relevance in the prediction of
initial response. Methods: Serum microRNA-
profiling was performed in a discovery cohort of
newly diagnosed MM patients and four age-matched
healthy controls. Affymetrix® miRNA 4.1 24-Array
platform was used for expression profiling and data
was analyzed using GeneSpring. Results: Our study
included 20 newly diagnosed MM patients (10 males
and ten females) with age-range 35-75 years. A
comprehensive miRNA-profiling revealed 13
miRNAs were differentially expressed between MM
patients and healthy controls. Among these, ten
miRNAs were significantly down-regulated, and
three were up-regulated, with p-values<0.05. Down-
regulated miRNAs include let-7a-5p, miR-23a-3p,
miR-150-5p, miR-320a, miR-342-3p, miR-320b,
miR-320c, miR-320d, miR-4467 and miR-4485. Up-
regulated miRNASs are miR-1281, miR-4440, miR-
4801. Expression pattern of these 13 miRNAs
divided MM patients into two clusters. However, the
cohort of 20 was too small for any statistical
correlation with the initial response. Hence, miRNA
profiling is being performed in an additional 65
newly diagnosed MM patients. Conclusion: Our
results revealed dysregulation of a new set of
microRNASs as compared to reports published in
western studies. It may be due to the ethnic variation
of Indian patients from the western population. To
validate our finding, we are studying the expression
of these in an additional 65 MM patient serum
samples, and the results of the same will be
presented in the meeting.
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Abstract:

One of the major problems in Multiple myeloma
(MM) treatment is the genomic instability or
adaptability of the tumor cells which contributes to
their continual survival and progression to advanced
stages of the disease including development of drug
resistance. A number of factors such as inherent or
acquired genomic and epigenomic changes,
microenvironment and treatment itself could
contribute to genomic instability and clonal
evolution. Importantly, most chemotherapeutics are
DNA damaging agents which may increase genomic
instability in surviving myeloma cells making them
evolve at even a greater rate. Data from our
laboratory show that homologous recombination
(HR) is dysregulated in myeloma and contributes to
genomic instability and development of drug
resistance. We now report that ABL kinase plays an
important role in HR and an ABL kinase inhibitor
such as nilotinib can reduce HR activity in myeloma.
Moreover, treatment of MM cells with nilotinib
inhibited spontaneous DNA breaks and genomic
instability, whereas increased their sensitivity to
melphalan. We have further confirmed this in
additional MM cell lines and show that treatment
with nilotinib sensitizes MM cells to melphalan
treatment with a high combination index. Flow
cytometry based annexin/PI staining demonstrated

that treatment of MM.1S cells with nilotinib,
melphalan and combination of both drugs was
associated with apoptosis in ~ 12%, 25% and 40% of
cells, respectively, indicating that nilotinib increases
melphalan-induced apoptosis in MM cells. A notable
increase in melphalan-induced apoptosis in MM
cells was detected by Western blotting and also
confirmed by increase in PARP cleavage (> 3-fold).
Importantly, the treatment with nilotinib could also
significantly resensitize primary patient MM cells
from relapsed MM patients to melphalan treatment.
To confirm these observations in an animal model,
we have now evaluated the impact of nilotinib,
melphalan and their combination in a murine
xenograft model of human MM. Two weeks after
treatment, both nilotinib and melphalan had similar
effects as single agent while combination had
synergistic activity; (tumor volumes increased in
vehicle control, nilotinib, melphalan and
combination group by 6-fold, 3-fold, 2.8-fold and
1.2-fold, respectively; P < 0.02). The combination
treatment demonstrated ability of nilotinib to
increase cytotoxicity of melphalan in vivo. The
tumors were removed and evaluated for HR activity
in the lysates using a functional assay. Consistent
with in vitro data, melphalan treatment was
associated with a significant increase in HR activity,
whereas nilotinib significantly inhibited both the
endogenous and melphalan-induced HR activities in
vivo. These data suggest that nilotinib has potential
to increase cytotoxicity of chemotherapeutic agents
such as melphalan while reducing/inhibiting
genomic instability in multiple myeloma in vivo.
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Large deletions (>10.9 MB) in 17p and bi-
allelic TP53 inactivation events in newly-
diagnosed multiple myeloma are associated
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with higher clonal cell fraction and poor
prognosis
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Abstract:

Deletions in Chromosome 17p (del17p) are
associated with poor outcome in Multiple Myeloma
(MM). We compiled a cohort of 139 whole-exome
and whole-genome sequenced del17p newly
diagnosed patient tumors and correlated the size of
the deletion, as calculated by controlFreec, against
progression-free and overall survival. Large (>
10.9MB) deletions in chromosome 17p that included
TP53 region were significantly associated with
poorer overall survival (mOS = 28.8 months vs.
mOS = 45.0 months, pval= 0.047). Further, patients
with large del17p deletions were more likely to be
bi-allelic TP53 with high clonal cell fraction (CCF)
for deletion of TP53 (p < 0.05). We identified a gene
expression signature composed of genes in the 17p
region that were associated with high CCF and large
TP53 deletions. Compared to low CCF tumors, gene
expression pathways uniquely downregulated to
large-deletion 17p tumors included mitotic
checkpoint (p < 0.05) and spindle formation (p <
0.05) pathways. This analysis suggests that biallelic
inactivation or large TP53 deletion are involved in
early events associated with myelomagenesis and in-
part drive high-risk phenotype. Further clinical data
validation in relapsed setting and experimental
validation of TP53-driven pathways and targets in
isogenic CRISPR and KD models are ongoing and
results from these analyses will be presented.
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Abstract:

An ever improving understanding of the
heterogeneity of multiple myeloma (MM) in older
populations supports frailty-adapted therapy as an
evolving treatment approach. A deeper
understanding of the mutations and sub-
chromosomal alterations that underlie MM in elderly
patients has the potential to generate more precise
management strategies. To this end, we analyzed
data collected as part of the Myeloma Genome
Project (MGP) (n = 1273, mean age = 65) utilizing
next generation sequencing to evaluate single
nucleotide variants (SNV), copy number alterations
(CNAs), and mutational signatures. The incidence of
specific alterations in the population diagnosed older
than age 75 (elderly patients, n = 232, mean age = 80
yrs) was compared with those diagnosed at age < 74
(n = 1041, mean age = 62 yrs) as well as a younger
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subgroup of patients diagnosed at age < 65 (n = 632,
mean age = 57 yrs). When compared to all patients
presenting at age < 74 yrs, a significantly greater
proportion of elderly patients harbored SNVs or
indels in DIS3 (14.2% vs 8.7%, p = 0.005),
HIST1H1E (5.6% vs 3.3%, p = 0.044), and IRF4
(5.6% vs 2.4%, p = 0.005). Elderly patients
exhibited fewer SNVs and indels in CDKN1B (0%
vs 1.3%, p = 0.038), FAM46C (6.5% vs 9.7%, p =
0.043), HUWEL (1.7% vs 6.1%, p = 0.004) and
SP140 (0.4% vs 2.9%, p = 0.014). The elderly
patient population was found to have proportionally
more copy number gains in 1g21: CKS1B (47.4% vs
40.7%, p = 0.031), 5g23: TNFAIP8 (58.2% vs
50.0%, p = 0.012), 5p15: ADCY?2 (58.2% vs 50.4%,
p =0.016), 6p21: TNXB (39.2% vs 31.4%, p=
0.011), and 17g22: AKAP1 (30.2% vs 23.9%, p =
0.035) along with copy number losses in 16q: CYLD
(38.8% vs 32.6%, p = 0.035), 6025: PARK2 (40.5%
vs 33.9% p = 0.028) and 2p23: DNMT3A (28.4% vs
23.0% p = 0.038). At the sub-chromosomal level, a
greater proportion of elderly patients exhibited MYC
tandem duplications (9.0% vs 5.6%, p = 0.032)
while fewer elderly patients harbored MYC
translocations (26.2% vs 19.3%, p = 0.015). Finally,
when compared to patients presenting before the age
of 65, elderly patients exhibited relatively fewer
t(4;14) translocations (9.1% vs 14.4%, p = 0.019).
There was no difference in homologous DNA repair
gene alterations, amplification 1921, t(11;14),
t(6;14), del(17p) or the presence of the APOBEC
mutational signature between any of the age-based
subgroups in this cohort. These results serve to
provide an initial description of the genetic
alterations that characterize multiple myeloma
clones and potentially determine disease phenotype
in the elderly. The findings of this study suggest
that, in this population, these aberrant clones may be
driven relatively more frequently by acquired copy
number alterations occurring over a period of long
disease latency. These results may open avenues of
investigation into the integration of genetic data and
frailty-adaptive risk models to aid in treatment and
prognostication of multiple myeloma that presents
late in life.
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Abstract:

Background: Multiple myeloma (MM) is a
genetically complex and heterogeneous disease with
multiple genomic events associated with tumor
development and progression.Chromosomal
translocations into the immunoglobulin heavy-chain
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(IgH) locus on 14932 are the main primary events,
occurring in about 50% of total MM cases.Currently,
there are five main chromosomal translocation
partners involving with immunoglobulin heavy-
chain (IgH), including t(4;14), t(6;14), t(11;14),
t(14;16) and t(14;20). However, IgH translocation
with undefined partner genes can still be found in
15% of all newly-diagnosed MM (NDMM) patient,
and little is known about their survival. Methods: A
prospective non-randomized clinical study (BDH
2008/02) was conducted at a single center, with a
total of 715 NDMM patients included. The median
follow-up time was 45.3 (42.13-48.47) months.
Sorted plasma cells(by anti-CD138-coated magnetic
beads) were analyzed for del(13g14), del(17p), gains
of 1g21, IgH split, t(11;14), t(4;14), t(14;16),
t(14;20) and t(6;14). K-M curves for PFS and OS
were plotted; univariate analysis and cox
proportional hazards model were conducted. Results:
There was about 13.6% patients translocation t(14;
undefined) positive. Translocations t(4;14) and
t(14;16) were classified into one high-risk group
according to IMWG risk stratification. Translocation
t(14;20)(0.9%, 3/322) and t(6;14)(0.8%, 2/228) were
assigned to the t(14; undefined) group due to their
low incidence. Therefore, the whole cohort (n=715)
was divided into four groups: no IgH group (47.7%,
341/715); t(14; undefined) group (13.6%, 97/715);
t(11;14) group (17.6%, 126/715); and t(4;14) or
t(14;16) group (21.1%, 151/715). The median
overall survival (OS) for the four groups was 84.2
[95% confidence interval (Cl), 69.7-98.7] months,
not reached (NR), 58.7 (95% ClI, 41.9-75.5) months,
and 44.2 (95% ClI, 34.1-54.3) months, respectively,
with p values for the t(14; undefined) group
compared with no IgH, t(11;14), and t(4;14)/t(14;16)
groups of 0.197, 0.022 and 0.001, respectively. In
patients receiving bortezomib-based therapies, the
survival prolongation in the no IgH and
t(14;undefined) groups was more significant
compared with the t(11;14) and t(4;14)/t(14;16)
groups. Importantly, in multivariate analysis,
translocation t(14;undefined) was an independent
predictive factor for OS of MM patients (HR=0.51,
95% CI 0.30-0.85, p=0.01). Collectively, our
findings indicated the favorable outcome of NDMM
in the t(14; undefined) and no IgH groups compared
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to the t(11;14) and t(4;14)/t(14;16) groups.
Conclusion: In summary, our data confirmed the
favorable prognosis of the t(14; undefined) and no
IgH groups, especially in the era of novel agents.
Most importantly, translocation t(14; undefined) was
identified as an independent protective factor for
prolonged OS in multivariate analysis.
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Abstract:

Background:Cytogenetic aberration detected by
fluorescence in situ hybridization is one of the most
important prognostic factors for multiple myeloma
(MM). Identifying patients with high risk aberrations
(HRA\) is critical for initial risk stratification as well
as follow-up treatment. Although specific HRA has
been well discussed, cumulative impact of multiple
HRA is still unclear. Methods:In our prospective
non-randomized clinical study (BDH 2008/02)
study, 573 cases of NDMM with a comprehensive
FISH panel were evaluated. Results:In multivariate
analysis, we found that, of all these parameters,
age>65 years old (HR=1.64, 95% CI 1.19-2.28,
p=0.003), LDH level >220 U/L (HR=1.58, 95% CI
1.07-2.32, p=0.02), ISS 3 stage (HR=1.59, 95% ClI
1.13-2.26, p=0.009), del(17p) (HR=1.68, 95% ClI
1.03-2.73, p=0.036), amp(1921) (HR=1.72, 95% CI
1.26-2.34, p=0.001), and adverse IgH translocation
(t(4;14) or t(14;16)) (HR=1.65, 95% CI 1.17-2.34,
p=0.005) were statistically independent prognostic
factors for shortened OS; while taking autologous
stem cell transplant (ASCT) (HR=0.37, 95% ClI
0.22-0.63, p=0.000) profoundly prolonged OS for
patients.Accordingly, HRA was defined by the
presence of t(4;14), t(14;16), 1921 gain or del(17p).
For all 573 cases, number of patients harboring 0-3
HRA were 236(41.2%), 236(41.2%), 94(16.4%) and
7(1.2%), respectively. When occurred in isolation,
every HRA conferred a similar and modulate impact
on OS [for del(17p), amp(1g21), and t(4;14)/
t(14,16), overall survival (OS) was 50.1, 63.9 and
64.3 months, respectively, with p value across three
subgroup of 0.33]. OS of patients with 0-3 HRA was
NR (Not Reached), 62.1, 38.8, and 22.9 months,
respectively (with p value across three subgroup of
0.000). A clear progressive association between the
accumulation of HRA and impairment of survival
was observed. In risk stratification analysis by age,
serum LDH level, DS stage, 1SS stage, induction
therapy and transplantation, the cumulative
cytogenetic model remained its prognostic value in
differentiating patients into three risk group: low-
risk group was defined as patients with 0 HRA,

intermediate-risk group was defined as patients with
1 HRA; and patients with >2 HRA was assigned to
the high-risk group. Specifically, ASCT remarkably
improved survival of patients across different
groups, especially those with one or more HRA.
Conclusion: Taken together, our study showed that
while isolated adverse IgH (t(4;14) or t(14;16)),
del(17p) and 1921 gain carried similar negative
impact on survival, concurrent multiple HRA
progressively impaired overall survival of MM
patients. Patients with two or more HRA were
considered as high-risk group, and transplantation
may attenuate their negative prognosis
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Abstract:

Introduction: The 2nd-generation proteasome
inhibitor carfilzomib (CFZ) and the 3rd-generation
immunomodulatory drug pomalidomide (POM) are
potent, yet not curative treatment options in
relapsed/refractory multiple myeloma (rrMM). In
order to better understand mechanisms underlying
drug resistance in rrMM, we have compared the
clonal structure before exposure of rrMM patients to
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one of these drugs and at disease progression.
Methods: We studied 16 pairs of bone marrow
samples collected before treatment (T1) and at
disease progression (T2). The median number of
prior therapy lines was 4 (range: 2-9). 7 rrMM
patients were treated with CFZ, and 9 with POM
containing regimens. CD138-purified plasma cells
were studied by whole genome sequencing (WGS,
median coverage of 80X). To identify sub-clones,
we calculated the cancer clonal fraction for each
variant, taking both sample purity and local CNV
into account. Results: The median time to
progression was 4 months. Stable disease was seen
in 2 patients, while 5 and 8 patients achieved
minimal and partial response, respectively. 11 of 16
patients had at least one established high-risk copy
number aberration or structural variant (t(4;14),
gainlqg, dell7p) at T1. 2 patients acquired a del17p
and one presented with a new gainl1g21 at T2. Stable
clonal evolution was seen in 2 patients, new minor
sub-clones emerged in 10 patients, and 4 patients
presented with a new dominant clone at T2. Of note,
2 of the latter patients had stable disease or minimal
response, indicating that major changes in the clonal
architecture can occur despite poor responses. In
general, we observed a higher average number of
somatic variants and somatic functional variants at
T2 (10734 vs. 9855, and 100 vs. 83, respectively). In
the CFZ group, 14 genes were recurrently mutated at
T2 only, including KRAS, SMC5 and genes
involved in ion/calcium transport, such as NF2,
RYRS3, and TCHH. Furthermore, we saw expansion
of clones with mutations in the driver genes NRAS,
KRAS, FGFR3, or ARID2 during CFZ treatment. In
the POM group, newly acquired mutations included
FAMA46C and TP53, MKNK?2 (interacting with
ubiquitin ligase E3 complex), as well as XIRP2,
DMXL1, KIF5C, LRRN4 and PDXDC1 with
unknown roles in MM. Selection was seen for clones
with mutations in NRAS and TP53, the epigenetic
modifiers KAT6A, and BAP1, and NOTCHS.
Recent studies have shown the strong negative
clinical impact of biallelic inactivation events
affecting tumor suppressor genes. At T1, we found 5
biallelic events in 4 patients, with RB1 being the
most frequently affected gene (n=3). At T2 the
number increased to 9 events in 7 patients. Newly
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acquired events included RB1, TP53, FAM46C and
CYLD (n=1, each). Conclusion: Using WGS on
paired samples, we illustrate the importance of
biallelic events in CFZ/POM-treated patients, the
expansion of RAS driven subpopulations, and
identified novel candidate mutations for resistance
that represent potential new drug targets in MM.
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Abstract:

While the advent of novel agents has improved the
outcome for patients with multiple myeloma (MM),
MM remains an incurable disease. Patients with
high-risk features still have poor outcomes and
management of relapsed/refractory (RR) cases
remains challenging. RRMM cases require prompt
diagnosis and suitable treatment depending on
disease characteristics. However, diagnosis is not
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easy and requires multidisciplinary approach, which
may result in delayed treatment. To address this
issue, we carried out a multicentre study to identify
diagnostic biomarkers for relapsed refractory
multiple myeloma (RRMM) in patients treated with
lenalidomide-based regimens. We designed a
RRMM specific custom panel of 22 genes (ATM,
BIRC2, BRAF, CARD11, CCND1, CRBN, CUL4B,
CYLD, DIS3, EGFR, FAM46C, FGFR3, IL6ST,
IRF4, KRAS, NFKB2, NRAS, RASA2, SP140,
STATS3, TP53, and TRAF3) and performed next-
generation sequencing (NGS) analysis in 4 patients.
MM cells were purified from the patient's bone
marrow cells by sorting CD138 positive fraction,
and DNA was extracted from the collected MM
cells. Tumor DNA was subjected to NGS analysis
with matched control DNA from the buccal mucosa.
To date, 17 patients (DRd (N=16), VRd (N=1)) are
enrolled. Bone marrow and buccal mucosa was
obtained from the patients. As a result, 4 possible
driver mutations including NRAS-Q61K, a known
oncogenic mutation was found in 2 cases. We are
planning to analyze 20 cases in total, and determine
whether the circulating cell-free DNA (cfDNA) in
the patient's peripheral blood plasma carries the
same mutations. Moreover, we will validate the
potential of cFDNA as a diagnostic biomarker in
RRMM using digital droplet PCR.

Keywords:
Lenalidomide

NGS

RRMM

Tracks:

Multiple Myeloma Genomics

FP-050

CD24 Is a Phenotypic Marker and a
Potential Therapeutic Target for Multiple
Myeloma Tumor-Initiating Cells

Authors:
Fenghuang Zhan!

Institutions:

tUniversity of lowa, lowa City, IA

Abstract:

Background Treatment failure in cancers, including
multiple myeloma (MM) are mostly likely due to the
persistence of a minor population of tumor initiating
cells (TICs), which are non-cycling or low-cycling
and very drug-resistant tumor cells. In this study, we
have identified that the cell surface antigen CD24 as
a TIC biomarker in MM. Methods We examined
self-renewal potential by clonogenicity and drug
resistance of CD138+ CD24+ sorted cells. To
confirm the presence of MM CD24+ subpopulation
we analyzed 60 patients' samples by flow cytometry
using the panel of plasma cell markers (CD138,
CD38, k+ or A+ light chain, and CD56), and B cell
markers (CD45, CD19), as well as the CD24
antibody. We analyzed CD24 expression in 84
newly diagnosed MM patients using
immunohistochemistry with CD138 and CD24
antibodies. Transcriptional factor activation assay
and gene expression profiles were performed on
CD24+ and CD24— MM cells. Results We have
identified that the cell surface protein CD24 isa TIC
biomarker in MM. CD24+ MM cells show increased
clonogenicity, drug resistance, and tumorigenicity as
few as 10 CD24+ MM cells were required to
develop plasmacytomas in mice. In complete
remission (CR) MM patients with minimal residual
disease (MRD), CD24+ MM cells were enriched
after chemotherapy thus exhibiting increased drug
resistance. The induced pluripotent or embryonic
stem cell genes, such as NANOG, OCT4, KLF4, and
SOX2, were significantly upregulated in CD24+
MM cells. We also discovered that nucleosomal
remodeling by pioneer transcription factors
facilitates STAT3 to mediate TIC features in MM.
Targeting of CD24+ MM cells prevented tumor
progression in vivo. Conclusion The studies
presented here demonstrate that CD24 maintains the
feature of self-renewal and drug resistance in MM.
Improved understanding of myeloma tumor-
initiating cell biology will lead to the development
of novel therapeutic targets and drugs that will be
tested pre-clinically and in the clinic. The evidence
from clinical trials and correlative studies should
also provide valuable information about how
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inhibition of TIC cells leads to improvement in long-
term clinical outcome.
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Abstract:

Organotypic culture models developed using 3D
conditions recapitulate tissue-specific structural
features and cell-cell interactions more accurately
than conventional 2D cultures. Our goal is to
optimize culture conditions which promote the
survival and proliferation of multiple myeloma
(MM) cells and could serve as a platform for
molecular mechanistic, clinical biomarker and
pharmacodynamic marker studies using immune-
modulatory compounds (IMIDs) and other myeloma
drugs alone and in combination. Using gas
permeable microfluidic devices (MFDs), we cultured
and compared growth/morphologic properties of six
multiple myeloma cell lines, MM1.S, MM1.SPR,
H929, H929PR, H929-220R and RPMI-8226 in 2D
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and 3D conditions. Pomalidomide and CC-220
resistant cell lines were originally developed in our
group by culturing them with increasing
concentrations of these drugs. Morphologically, cells
grown in 3D conditions appeared to have higher
tendency of forming spheroids. Cell lines grown in
3D conditions demonstrated higher proliferation
index compared to 2D conditions. To further study
the effects of other components of MM tumor micro-
environment on Pomalidomide response, we
optimized the culture conditions to co-culture MM
cell lines with bone marrow stromal cells. The co-
culture of bone marrow stromal cells, HS5 with MM
cell line H929 protected Ikaros degradation induced
by Pomalidomide. Interestingly, CD44 expression in
H929 cells was upregulated in co-culture conditions
with stromal cells. We then utilized these optimized
3D and 3D-stromal-media culture conditions to
culture primary bone marrow bone nuclear cells
(BMMCs) from MM patients. Our initial
experiments demonstrate higher survival and
proliferation of BMMCs cultured under 3D
conditions in the MFD with maintained expression
of oncogenic receptors, CD138 and CD38. These
culture conditions are currently being optimized to
study the (1) drug effects in MM and immune cells
alone and in combination and (2) long term growth
of primary Myeloma cells in these conditions for ex
vivo manipulation and downstream molecular and
biological effects.
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Abstract:

Introduction: Risk stratification of multiple myeloma
(MM) at diagnosis allows prognostication and drives
therapeutic decisions and currently the International
staging system (ISS) and the Revised International
staging system (RISS) are routinely utilized.
Increased red blood cell distribution width (RDW),
anemia, and thrombocytopenia have been shown to
predict worse progression-free (PFS) and overall
survival (OS). We hypothesized that the
hematopoietic indices including mean corpuscular
volume (MCV), hemoglobin (Hgb), and platelet
(PIt) count may reflect the impact of the tumor cells
on the marrow microenvironment and examined its
ability to predict outcomes of patients with MM.
Methods: This was a retrospective study of patients
with newly diagnosed MM seen at Mayo Clinic
between January 2004 and April 2018. We evaluated
the prognostic impact of the hematopoietic indices
of Hgb, PIt count and MCV. Based on multivariate
analysis, we incorporated three commonly available
variables using cutoffs that have been previously
explored (Hgh<10, PIt<150), and MCV>96,
assigning a score of 1 to each. Patients were
categorized into four groups based on the total score.
Results: We identified 1633 newly diagnosed MM
patients, of whom 462 (28%) had an MCV >96 fl,
521 (32%) had Hgb<10, and 286 (18%) had
Plt<150. Overall, 707 (46%) had a score of 0, 513
(33%) had a score of 1, 260 (17%) had a score of 2,
and 60 (4%) had a score of 3. Anemia with a
Hgb<10 was predictive for PFS and OS (median
PFS 22.5 months for Hb<10 vs 30.4 months for
Hgb>10, P<0.0001; median OS 50 months for

Hgb<10 vs 76.4 months for Hgb >10, P<(0.0001 ).
Thrombocytopenia (plt<150) predicted PFS and OS
(median PFS 20.1 months for PIt<150 vs 29.9
months for Plt >150, P<0.0001; median OS 42.4
months for PIt<150 vs. 70.5 for Plt >150, P<0.0001).
Macrocytosis (MCV>96) was predictive for OS
(55.9 months for MCV >96 vs 71.3 months for
MCV<96, P=0.0003). The overall score risk
stratified patients into four groups with differing
survival (median PFS was 32.3 months for score 0,
24.8 months for score 1, 21.7 months for score 2,
and 18.3 months for score 3, P<0.0001; median OS
was 80.7 months for score 0, 59.9 months for score
1, 51.7 months for score 2, and 31.3 months for
score 3, P<0.0001). On the multivariable analysis,
predictors for PFS were age >65 (RR,1.31;
P=0.0012), RISS stage (1-2 vs 3) (RR, 0.48;
P<0.0001), and >50% plasma cells in the bone
marrow (RR,1.23;P=0.01). Predictors of OS on the
multivariable analysis were age >65 (RR,1.93;
P<0.0001), RISS stage (1-2 vs 3) (RR, 0.48;
P<0.0001), and hematopoietic score (0-2 vs
3)(RR,0.51; P=0.0028). Conclusion: Hematopoietic
parameters available on a complete blood count can
be incorporated in to a scoring system that predicts
survival in patients with newly diagnosed myeloma.
This is likely to reflect alterations in the bone
marrow microenvironment of patients with myeloma
that reflects the aggressiveness of the disease.
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Abstract:

Background: Revised International Staging System
combines beta-2 microglobulin, albumin, LDH, and
high-risk FISH/cytogenetic features to provide
prognostic information useful for stratification in
multiple myeloma (MM). Ki-67 is a nuclear protein
expressed by proliferating cells. The Ki-67 index has
shown to impact the outcome in some types of
lymphomas, but its prognostic value in MM is
unclear. The aim of this study was to investigate the
association of Ki-67 expression with survival
outcomes in MM patients treated with novel
therapies. Methods: We interrogated our plasma cell
disorder database between 6/ 2012- 6/ 2018, for
newly diagnosed MM patients with available
information on Ki-67 expression (by IHC) on bone
marrow biopsies. Clinical features and outcomes
were compared between the two cohorts: Ki-67hi
(Ki-67 expression >5%) and Ki-67lo (Ki-67
expression <5%). Continuous variables were
compared using the median of two-sample tests,
while incidences and proportions were compared
using Fisher's exact tests. Survival distributions were
estimated with Kaplan Meier techniques and
compared between Ki-67 categories using the log-
rank test. Differences in overall survival (OS) and
progression-free survival (PFS) between the two
cohorts were quantified with hazard ratios (HR)
from Cox regression. Model selection was
performed to determine adjusted hazard ratios.
Results: We identified a total of 155 patients (42 Ki-
67hi, 113 Ki-6710). There were no significant
differences in age, gender, beta-2 microglobulin, or
LDH levels between the cohorts (p=0.165 and 0.175,
respectively). Standard-risk and high-risk
cytogenetics were similarly distributed except for
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enrichment of 1q gain/amplification in the Ki-67hi
cohort (10.8% in Ki-67lo vs. 31.7% in Ki-67hi,
p=0.005). Ki-67 expression was associated with both
PFS and OS. At a median follow-up of 38.1 months,
median PFS was 19.8 months in Ki-67hi cohort
compared with 35.7 months in Ki-67lo, with an HR
of 2.020 (95% CI: 1.261 — 3.237, p=0.003). Median
OS was 42 months for Ki-67hi vs. not reached for
Ki-67lo, with HR of 2.681 (95% CI: 1.432 —5.019)
and p=0.001. Additionally, after adjusting for age,
the risk of death in the Ki67-hi cohort was 2.7 times
that of the Ki67-lo cohort (95% ClI: 1.379, 5.106; p =
0.004). Conclusions: Our results demonstrate that
elevated Ki-67 expression (cutoff value of 5%) is an
independent prognostic factor associated with worse
PFS and OS in newly diagnosed MM. IHC staining
for Ki67 can potentially be utilized in economically
constrained healthcare settings globally.
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Excessive abdominal fat content indicates
poor prognosis in patients with newly
diagnosed multiple myeloma
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Abstract:

Purpose: Obesity has been identified as a risk factor
for developing multiple myeloma (MM). The
various indexes of body fat composition make it
difficult to assess the value of body fat composition
in predicting disease activity, adverse events and
treatment responses in MM patients. Methods: A
total of 36 newly diagnosed MM (NDMM) patients,
who underwent abdominal and pelvic computed
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tomography (CT) before induction therapy, and 72
matched healthy people sorted from a database were
included in this study. Total fat area (TFA), visceral
fat area (VFA) and subcutaneous fat area (SFA)
were measured from the last thoracic vertebrae
(T12) to the sacrum (S1) and analyzed as six slices
of vertebral interfaces, namely, T12/L1, L1/L2,
L2/L3, L3/L4, L4/L5 and L5/S1, on CT images
(cm2). We also examined the levels of adiponectin
in 25 NDMM patients and 17 healthy people.
Results: NDMM patients had larger TFA (L4/L5 and
L5/S1), VFA (L4/L5 and L5/S1) and SFA (T12/L1,
L1/L2, L2/L3, L4/L5 and L5/S1) than healthy
people. Moreover, plasma adiponectin (1147.40
pg/ml vs. 2077.10 pg/ml, p=0.037) was significantly
lower in NDMM patients than in healthy people.
The percentage of bone marrow (BM) plasma cells
was significantly inversely correlated with SAT at
L2/L3 (p=0.018) but positively correlated with
VFA/SFA (T12/L1, p=0.047; L2/L3, p=0.039). A
significant inverse correlation was observed between
the high-risk cytogenetic abnormality gain 1q21
(p=0.044) and VFA at L4/L5. SFA at L4/L5
(p=0.025) and VFA/SFA (L4/L5) (p=0.002) had a
significant effect on treatment responses.
Conclusions: NDMM npatients had higher abdominal
fat content but lower adipokine levels than healthy
people. Excessive subcutaneous fat might be a
predictive factor for high tumor burden and poor
treatment response. Visceral fat content may be
correlated with high-risk cytogenetic abnormalities.
However, further investigation in larger samples is
necessary to verify this association.
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Abstract:

Multiple Myeloma (MM) is a hematological
malignancy always preceded by a not malignant
precursor state defined monoclonal gammopathy of
undetermined significance (MGUS) and by a
asymptomatic MM (smouldering MM, sSMM).
Immune dysfunction plays a key role in the
pathogenesis of the disease, as demonstrated by the
prognostic role of immunoparesis in the progression
of MGUS and sMM into active MM (aMM). The
aim of this study is to analyze the immune subsets
distribution into plasma cells dyscrasias. A total
amount of 895 bone marrow samples (170 MGUS,
188 sMM, 586 aMM) of 714 patients affected by
plasma cells dyscrasias were studies at the different
time point by flow cytometry for CD3, CD4, CD8,
CD16, CD19, CD56, CD57, HLA-DR and Tgd
antigens. In aMM cases, no differences were found
in total T and NK cells percentages towards SMM
(73.2£12.5vs 72.4+10.3, p=0.6717 and 14.8+8.9 vs
14.1£7.9, p=0.5676) and MGUS cases (73.2+12.5 vs
71.9+9.0 p=0.3336 and 14.8+8.9 vs 13.3+7.3,
p=0.1205) while CD19+ B cells were usually lower
in aMM, even if statistically significant only towards
MGUS (9.8+9.1 vs 10.7+5.9, p=0.2955 and 9.849.1
vs 12.3+7.1, p=0.001). A more detailed analysis of T
cell subsets showed that aMM patients were also
characterized by lower percentages of CD4+ T cells
(32.9£12.9 vs 39.949.5, p=0.0001 and 32.91+12.9 vs
38.4+8.6, p=0.0001) and higher percentages of
CD8+ cells (45.1+14.1 vs 38.8+10.0, p=0.0001 and
45.1+14.1 vs 38.749.9, p=0.0001), CD8+/DR+ cells
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(9.7+£13.1 vs 4.1+4.7, p=0.0001 and 9.7+13.1 vs
3.8+£4.5, p=0.0001) and CD3+/CD57+ cells
(18.9+£12.7 vs 14.5+9.2, p=0.0001 and 18.9+12.7 vs
13.6+8.8, p=0.0001) while no differences were
found in Tgd cells in the different groups (3.6+4.0 vs
4.2+3.6, p=0.2872 and 3.6+4.0 vs 4.2+3.2,
p=0.2638). Interestingly, all these differences were
mostly attributed to treated patients towards newly
diagnosed MM (CD4+ cells= 27.0+12.1 vs
39.5£10.3, p<0.0001, CD8+ cells=50.5+14.6 vs
39.0£10.5, p<0.0001, CD8+/DR+ cells =14.1+15.8
vs 4.5+4.7, p<0.0001 and CD3+/CD57+ cells
=21.7413.5 vs 15.8+10.9, p<0.0001). In 60 treated
patients, a bone marrow evaluation was performed
within 3 months from autologous stem cell
transplantation (ASCT). These cases displayed
towards other treated patients higher percentage of
CD8+ cells (59.3+13.8 vs 48.2+13.9, p<0.0001),
CD8/DR+ cells (24.2+19.1 vs 10.8+13.1, p<0.0001)
and CD3+/CD57+ cells (33.2+12.2 vs 18.6+£12.1,
p<0.0001) and lower percentages of CD4+ cells
(16.6 7.7 vs 29.8+11.4, p<0.0001), NK cells
(11.3+6.2 vs 16.4+10.0, p=0.0006) and Tgd cells
(2.0£3.2 vs 4.4+5.6, p=0.0016). Our results
demonstrated a profound T cell immune-modulation
in aMM patients towards MGUS and sMM
precursor states. Moreover, most of these changes
are therapy-related and are the result of ASCT,
indicating that myeloma treatment can shape the T
cell compartment.

Keywords:
Multiple myeloma

T-Lymphocytes

treatment

Tracks:

Multiple Myeloma Microenvironment

FP-056

Macrophages promote DNA repair of double
strand break in multiple myeloma cells by
non-homologous end joining(NHEJ),
nevertheless sacrifice the accuracy of NHEJ

Authors:

17th International Myeloma Workshop, September 12-15, 2019 | 136

zhen cai', Mengmeng Dong?, Jingsong He?, Xiaoyan
Han?!, Donghua He!, Gaofeng Zheng!, Wenjun Wu?,
Yi Zhaot!, Yang Yang!, He Huang?, Xi Huang?,
Enfan Zhang?, Yi Li%, Li Yang!

Institutions:
The first affiliated hospital of zhejiang university,
hangzhou, hangzhou/zhejiang

Abstract:

Multiple myeloma (MM) is a hematological
malignancy of B cells, characterized by clonal
proliferation of malignant plasma cells. DNA
damage and genomic instability play an important
role in the pathogenesis of MM. Based on the
characteristics of high heterogeneity and genomic
instability of MM, and the protective effect of M®s
on MM cells (MMCs), our study intended to further
clarify whether M®s affect MMCs DNA damage
response and DNA repair, and the relationship
between M®s and genomic instability of MMCs.
We found that the content of M®s in bone marrow
biopsy of MM patients is related to the results of
cytogenetics. The higher the content of M®s, the
more complicated the cytogenetic abnormalities of
patients. In our study, M®s were harvested from
peripheral blood monocytes, which were incubated
for 7 days with M-CSF. The results showed that
M®s reduces the baseline YH2AX of MMCs,
contributing to MMCs survive in the case of
genomic instability. In the case of severe injury of
MMCs' DNA, M®s promote the DDR and DNA
damage repair. We examined the effects of
macrophages on HR and NHEJ using U20S cells
with HR/NHEJ reporter, and found that
macrophages increased NHEJ but have no sense on
total HR. Furthermore, we adopt paired gRNA-
CRISPR/Cas9 system to detect NHEJ level in
endogenous genes. The results showed that M®ds
significantly promoted the NHEJ in MMCs both in
vitro and in vivo, however reduced accuracy of
NHEJ repair, and increased the length of base loss in
NHEJ meanwhile promoted genomic instability of
MMCs.
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obesity, weight cycling, and tumor
progression in a myeloma xenograft model
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Obesity and obesogenic behaviors are positively
associated with both monoclonal gammopathy of
unknown significance and multiple myeloma (MM).
As one of the only modifiable risk factors, this
association has emerged as an optimal target for MM
prevention, but little is known about the mechanistic
relationship of weight patterns with MM disease
progression. Preliminary data from epidemiologic
studies suggest that repeated episodes of weight
cycling (WC), resulting from intentional weight loss
followed by unintentional weight gain, leads to
increased risk of MM compared to weight-stable
individuals. The SCID-Beige MM.1S xenograft
model was used to investigate the physiologic
effects of different body weight regulation patterns
in vivo. We hypothesized that repeated episodes of
diet-induced WC would increase MM proliferation.
Male SCID-Beige mice (6 weeks of age) were fed
control diet (CD; 10% kcal from fat), high fat diet
(HFD; 60% kcal from fat), or weight cycling
regimen (WC; CD for 4 weeks followed by HFD for
4 weeks) for 16 weeks. At this time mice were
injected intravenously with 2 million MM.1S cells
and the initial dietary regimen continued, with the
exception that mice on the WC regimen transitioned
between the CD and HFD every 2 weeks. Tumor

burden was imaged and quantified weekly using in
vivo bioluminescence imaging. Mouse weights and
signs of hind-limb paralysis were monitored daily
upon tumor engraftment and used to determine
IACUC-approved survival endpoints. Maximal
differences in body composition between mice on
CD, HFD, and WC were observed at approximately
8 weeks of diet administration, whereas bone
parameters exhibited the largest differences by the
end of the 16-week regimen, as measured by
PIXIMUS-DEXA. Modest weight cycling was
observed as early as the first switch from HFD to
LFD and was pronounced by the second cycle in the
cycling cohort. A significant increase in tumor
burden was observed in the HFD group compared to
CD mice two weeks after MM-inoculation
(p<0.001), suggesting a role for HFD in MM
homing, engraftment and early expansion. No
significant differences were observed in either HFD
or WC in terms of survival when compared to mice
on CD. A general trend for earlier MM-induced
paralysis was observed in the HFD and WC cohorts,
although these results were not significantly
different from control mice. This trend in a small
sample supports the conduct of future, more detailed
studies to fully elucidate any potentially deleterious
effects of HFD and WC on MM progression.
Combined, these results suggest that HFD and WC
may contribute to MM risk through changes in the
bone marrow microenvironment (BMM) that affect
MM cell homing, engraftment and early expansion.
This study provides the first investigation of WC
and MM in mice and lays the groundwork for the
future characterization of the relationship between
weight patterns, the BMM, and MM pathogenesis,
which will help inform MM prevention messages.
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A New “Vicious Cycle’: Bidirectional
Interactions Between Myeloma Cells and
Adipocytes
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Abstract:

The bone marrow (BM) microenvironment allows
for migration, growth, proliferation, and drug-
resistant clonal evolution of multiple myeloma
(MM) cells. BM adipocytes (BMAS) expand with
aging and obesity, two key MM risk factors. BMAs
are important contributors to systemic adipokine
levels, bone health and hematopoiesis, and have also
recently been implicated in acute myeloid leukemia.
We investigated the interactions between MM cells
and BMAs and found that adipocyte gene expression
and cytokine secretion profiles are altered, creating a
"MM-associated" adipocyte (MM-adipocyte)
phenotype that is supportive of MM cell survival.
We investigated interactions between MM cells and
BMAs in vitro using microarrays and RNA-
Sequencing (RNA-Seq), and in vivo with the SCID-
Beige MM.1Sgfp+luc+ xenograft and C57/KaLwRij
5TGM1 models. Proximal femurs from naive SCID-
Beige mice contained significantly more BMAs than
tumor-bearing mice, and similar results were
observed in the 5TGM1 model (p<0.001). These
findings mimic results observed in patients with MM
or other types of BM-homing tumors, and suggest
that tumor cells may induce delipidation, lipolysis,
or dedifferentiation of BMAS. In vitro, murine
adipocytes (3T3-L1, BMAs, and ear-derived MSC)
showed significant reductions in lipid content
(p<0.0001) and adipogenic gene expression
(Adipog, Fabp4, p<0.001) when co-cultured with
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MM cells via transwell. Pathway analysis of MM-
3T3-L1 adipocyte microarray data indicated
dysfunction of metabolic pathways. Increased basal
(p<0.05) and non-mitochondrial respiration (p<0.05)
coupled with increased levels of proton leak further
suggested defects in bioenergetic function. In human
patient-derived BMAs, MM-adipocytes exhibited
decreased expression of adipogenic genes and
elevated expression of genes encoding senescence
associated secretory proteins (SASPs), including:
SERPINB?2 (204x), IL6 (175x), ICAML1 (33x),
CXCL1 (58x), CXCL2 (39x) and VEGFA (5x),
compared to normal BMAs as evidenced by RNA-
Seq. The "senescent-like" phenotype was confirmed
via cytokine arrays of conditioned media and
increased (-galactosidase staining in adipocytes
exposed to MM.1S cells via transwell (p<0.001). In
co-cultures, 3 MM cell lines exhibited different gene
expression profiles in response to BMAs. However,
6 genes were commonly upregulated (>2 fold
change) in MM cells in the presence of BMAs, 3 of
which have been implicated in glucocorticoid
receptor signaling. These findings may partially
explain increased dexamethasone resistance, which
we observed in MM.1S cells co-cultured with
BMAs, as measured via flow cytometry and
bioluminescence quantification. In summary, we
provide evidence that BMASs change in response to
MM-BM infiltration and expansion in vivo.
Interestingly, MM-adipocytes exhibit a "'senescent-
like" phenotype in vitro that may explain their
support of MM cells. Interactions between BMAs
and MM cells may have important implications in
the understanding and treatment of myeloma.
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PD-1 blockade reinvigorates bone marrow
CD8+ T cells from patients with multiple

myeloma in the presence of TGF-p inhibitors.
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Abstract:

Background: Immune checkpoint inhibitors have
shown therapeutic efficacy in various malignant
diseases. However, anti-programmed death (PD)-1
therapy has not shown clinical efficacy in multiple
myeloma (MM). To enhance the clinical efficacy of
immune checkpoint blockade in MM, elaborate
characterization of tumor (myeloma) antigen-
specific T cells is an essential prerequisite. In
addition, the role of immunosuppressive factors
abundant in the bone marrow (BM) of MM patients
need to be considered. Patients and Methods: BM
mononuclear cells were obtained from 77 newly
diagnosed MM patients. We examined the
expression of immune checkpoint receptors in BM
CD8+ T cells and their functional restoration by ex
vivo treatment with anti-PD-1 and TGF-f inhibitors.
Results: We confirmed the upregulation of PD-1 and
PD-L1 expression in CD8+ T cells and myeloma
cells, respectively, from the BM of MM patients.
PD-1-expressing CD8+ T cells from the BM of MM
patients co-expressed other checkpoint inhibitory
receptors and exhibited a terminally differentiated
phenotype. These results were also observed in BM
CD8+ T cells specific to myeloma antigens NY -
ESO-1 and HM1.24. BM CD8+ T cells from MM
patients exhibited reduced proliferation and cytokine
production upon T-cell receptor stimulation.
However, anti-PD-1 did not increase the
proliferation of BM CD8+ T cells from MM
patients, indicating that T-cell exhaustion in MM is
hardly reversed by PD-1 blockade alone.
Intriguingly, anti-PD-1 significantly increased the

proliferation of BM CD8+ T cells from MM patients
in the presence of inhibitors of TGF-p, which was
overexpressed by malignant plasma cells.
Conclusion: Our findings indicate that combined
blockade of PD-1 and TGF-$ may be useful for the
treatment of MM.
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dexamethasone in MM
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Abstract:

It is well known that multiple myeloma (MM) cells
have a dependency on the bone marrow (BM)
microenvironment for survival and proliferation.
Targeting stromal cells of the BM, rather than just
the tumor cells themselves, can be useful for
reducing tumor burden in mice and humans. Our lab
has recently explored targeting the bone marrow
adipocyte (BMA) due to correlations between
obesity to increased risk of MM and increased BM
adiposity. To test the effects of BMAs on MM1S in
vivo, 5-week old SCID-beige female mice were
treated with saline or an anti-sclerostin antibody
(Scl-Ab, 100 mg/kg once per week IP) for 5 weeks
(a treatment shown to increase bone volume and
decrease BMAS). Then, 5x10"6 human
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GFP+luc+MML1S cells were injected i.v. followed
by 5 additional weeks of Scl-Ab or saline treatments.
Mice were treated with or without dexamethasone
(dex) (9mg/kg IP) during weeks 4-6 after MM1S
injection. Mice were assessed with biweekly whole
body bioluminescent imaging (BLI) and survival.
Dex treatments led to a significantly lower total flux
BLI signal (p<0.05 vs MM1S alone), and Scl-
Ab+dex combination treatments had the least total
flux BLI signal (p<0.01 vs MM1S alone) at day 33.
Interestingly, Scl-Ab+dex combination treatments
increased mouse survival significantly versus dex
alone, Scl-Ab treatment alone, or no treatment.
Thus, our in vivo data suggested that decreasing
bone marrow adiposity enhanced anti-myeloma
effects of dex. Next, to specifically examine the
effects of BMAs on myeloma cells, we generated
human BMAs from BM mesenchymal stem cells
with adipogenic media. MM1S cells were cultured in
conditioned media from BMAs (BMA-CM); BMA-
CM from many, but not all donors, supported
MMLS proliferation, migration, or drug resistance.
Specifically, some BMAs protected MMLS cells
against dex-induced apoptosis, assessed by Annexin
V/DAPI flow cytometry and bioluminescence cell
counting. Gene expression and protein data from
MMLS cells treated with BMA-CM revealed a
significant increase in fatty acid binding protein 4
(FABP4), a fatty acid shuttling molecule with broad
signaling effects (pcr: p<.01, ELISA: p<0.0001).
While unknown in MM, the FABP family has
demonstrated pro-tumorigenic effects in other
cancers. We used inhibitors of FABP4 (iFABP4),
and its compensatory FABP5 family member, to
study their effects on basal and dex-induced
apoptosis, cell number, cell cycle and proliferation
in MMLS cells. After 72 hours, FABP4i and
FABP5iI alone, and in combination, significantly
decreased cell number and proliferation. In
combination, FABP4i/FABP5i improved efficacy of
dex. Decreases in MMLS cell number and
proliferation, (assessed by BLI, Ki67 and cell cycle
flow cytometry analyses) from FABP4i, FABP5i, or
the FABP4i/FABP5i combination were attributed to
increased sub G1/GO population. Overall, targeting
BMAT and FABPs may be novel approaches to
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inhibiting progression and decreasing the drug
resistance properties of MM cells in the BM.
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Abstract:

The canonical plasma cell marker CD138 (syndecan-
1) is highly expressed on the myeloma cell surface,
but its functional role in vivo is unclear, as well as
the ontogeny of CD138-high and CD138-negative
(neg) myeloma cells Using the murine Vk*MYC
myeloma model we find CD138 expression is
heterogeneous and varies with tumor burden. We
find CD138-high subset of myeloma cells in the
bone marrow is highly proliferative, less apoptotic,
and enhanced IL-6R signaling, as compared to
CD138-neg subset. Additionally, CD138-high
myeloma engrafts better than its CD138-neg
counterpart. In contrast we find that CD138-neg
cells are more motile both in vitro and in vivo, and
more readily disseminate and spread to other bones
in vivo than CD138-high subset. Treating mice with
anti-CD138 rapidly triggers migration of myeloma
cells in vivo by intravital imaging, and leads to
intravasation into the blood, which results in
increased dissemination to other bones. Both murine
and human myeloma cells can rapidly recycle
CD138 surface expression through endocytic
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trafficking, in response to serum levels. Blocking
CD138 enhances myeloma sensitivity to bortezomib
chemotherapy and significantly reduces tumor size
compared to bortezomib treatment alone. Thus, our
data show that CD138 surface expression
dynamically regulates a switch between growth
versus dissemination for myeloma, in response to
nutrient conditions.
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microenvironment transformation in
multiple myeloma
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Abstract:

Background On the contrary of MGUS-MSC, MM-
MSC promote cancer immune evasion through the
activation of myeloid derived suppressor cells. Since
it has been demonstrated that specific Toll-like
receptors (TLR) can drive MSC activation status,
including two distinct phenotypes defined MSC1
(TLR4-dependent) or MSC2 (TLR3-dependent), we
evaluated the effect of TLR activation on MM-MSC
Methods Healthy Peripheral blood mononucleated
cells (PBMC) were cultured with MSC for 6 days;
neutrophils were isolated and studied for their
immunosuppressive activity. Immunocompetent
adult Zebrafish was used as in vivo model for
myeloma cells engraftment. Results We pre-treated
HC-MSC with MM cell lines for 24h before co-
culturing with PBMC. PC pre-treatment drove HC-
MSC to activate neutrophils in immunosuppressive
cells. We further analyzed the two downstream of
TLR4 and TLR3 pathways, NFkB and IRF3 in HC-
MSC after co-culture with PC. An early NFxB and a
late IRF3 nuclear translocation were observed. To
better examine which TLR may be involved, specific
agonists for TLR4 (LPS) or TLR3 (poly(l:C)) were
used. Only LPS pre-treated HC-MSC induced
neutrophils to become immunosuppressive. Wester
blotting analysis confirmed the activation of
TLR4/MyD88 pathway in MM-MSC. To investigate
if the polarization status of MM-MSC could promote
tumor-growth in vivo, a mixtures of fluorescently
labeled MM cells plus HC- or MM-MSC were
implanted in zebrafish. Compared with zebrafish
injected with plasma cells (PC) and HC-MSC, the
animals co-injected with PC and MM-MSC showed
enhanced tumor growth, more hCD138+ cells and
up-regulated gata3, IL-4 and IL-13, revealing a Th2
response. Pre-treating MM-MSC with TAK-242, a
TLR4 inhibitor, before injection in zebrafish, a
reduction of 41% of tumor area was observed
(p<0.001) with a Th1l response. Injecting zebrafish
with MM 