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Abstract

Chromosome 1q gain/amplification (1q+) has been reported to be associated with inferior outcomes in multiple myeloma
(MM) patients. Big therapeutic advances have shifted the treatment landscape by introducing monoclonal antibodies. There
is a relative lack of data on outcomes in patients harboring this alteration in the era of monoclonal antibodies. Baseline
characteristics and therapy-related data from newly diagnosed MM patients harboring 1q + detected by fluorescence in situ
hybridization (FISH) were collected in a single institution. Among 34 identified subjects, the presence of elevated LDH was
found to be associated with shorter overall survival (OS), and increased bone marrow plasma cell percentage (>60%) was
associated with worse progression-free survival (PFS). 1q 4+ copy number more than three was associated with both shorter
OS and PFS. Additionally, the administration of lenalidomide was associated with superior OS. The use of autologous stem
cell transplantation, bortezomib, or daratumumab, was found to have no prognostic benefits in our sample. Lenalidomide
may be an optimal therapeutic choice for this population, and future larger studies are warranted to confirm this benefit and

further investigate the role of monoclonal antibodies in this subpopulation.
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Introduction

Multiple myeloma (MM), a neoplastic plasma cell disor-
der, is the second most common hematological malignancy
in the USA [1]. Thirty-four thousand nine hundred twenty
new cases and 12,410 deaths from multiple myeloma are
estimated to occur in 2021 in the USA [2]. Myeloma is a
disease having extensive inter-patient heterogeneity with
respect to survival which can range from months to more
than 10 years, depending on genetic variation, access to
autologous stem cell transplantation (ASCT), and the avail-
ability of novel therapies [3-5].
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Fluorescence in situ hybridization (FISH) is a popular
tool to detect cytogenetic alterations which in turn, can con-
tribute to the risk stratification of patients with MM. Genetic
alterations have been integrated into the revised International
Staging System [6]. Gain or amplification of CKS1B gene at
chromosome 1q21 region is a common cytogenetic aberra-
tion in MM patients; it can be detected in up to 35-40% of
newly diagnosed MM (NDMM) patients [7-9]. CKS1B is
an essential member of the cyclin kinase subunit 1 protein
family and plays a critical role in cell growth and division
[10, 11]. Unlike high-risk cytogenetic abnormalities such
as t(14;16), t(14;20), and deletion 17p (del 17p), the prog-
nostic effect of chromosome 1q gain/amplification (1q+)
remains debated, but multiple studies have reported inferior
outcomes in MM patients [7, 12—-16]. Gain or amplifica-
tion of CKS1B also frequently occurs with the deletion of
CDKN2C, a suppressor gene, at chromosome 1p32.3 (1p-),
resulting in increased proliferation of plasma cells due to
deregulation of G1 to S transition [17]. 1p- was reported
to portend poor prognosis as well [18-20]. Given previous
studies have reported conflicting results [13, 14, 21], and
the prognosis of this particular population remains unclear
in the era of monoclonal antibodies, we sought to describe
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real-world outcomes of NDMM patients harboring 1q+ with
or without 1p- over the last 6 years in a single institution, and
to investigate the impact of concurrent chromosomal altera-
tions and various therapeutic agents on outcomes.

Materials and methods
Patients

This retrospective study included all patients with MM
as defined by the International Myeloma Working Group
(IMWG) with available FISH studies between 01/01/2015 to
04/01/2021 in a single institution [22]. Thirty-four subjects
with chromosome 1q gain or 1q amplification were identified
in NDMM patients. All baseline characteristics and clini-
cal data were extracted from the electronic medical records.
This study was approved by Institutional Review Board of
Tufts Medical Center.

FISH studies

We used the FISH data at the time of initial diagnosis
for all NDMM patients. FISH studies were performed on
CD138 + selected cells, which were obtained from fresh
bone marrow aspirate specimens using a magnetic bead
positive selection system (EasySep, Stemcell Technolo-
gies). Cocktails of probes were used for 1p32.3 and 1g21
(CDKNDC, CKS18 duplications/deletion, MetaSystems),
the centromeres of chromosomes 9 and 15 (D973 and
D15Z4, Cytocell), 13q14.3 (D13S1477, D13S319, D13S25
with 13qter MetaSystems), immunoglobin H (IGH) in 14q32
(IGH break apart, MetaSystems) and 17p13.1 (TP53 with
NF1, MetaSystems). We also conducted additional FISH
tests to identify the partner locus of the IGH translocation
under the laboratory reflex testing policy using probes for the
t(4;14) (FGFR3 and IGH, dual fusion, Cytocell), the t(11;14)
(CCND1 and IGH, dual fusion, Cytocell), the t(14;16) IGH
and MAF, dual fusion, Cytocell), and the t(14;20) (IGH and
MAFB, dual fusion, Cytocell). One hundred interphase
nuclei were examined for each probe to quantify the size of
the involved clone.

Variables

Age was described both as a continuous variable and a
categorical variable with a cutoff value of 65 years. Race
was classified as non-Hispanic White, non-Hispanic Black,
Hispanic, and Asian. Baseline International Staging Sys-
tem (ISS) stage, isotypes including type of immunoglobin
heavy and light chains, presence of lytic bone lesions and
extramedullary disease (EMD) were treated as categorical
variables. Baseline creatinine and monoclonal protein-spike
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level were described as continuous variables. Elevated serum
lactate dehydrogenase (LDH) level was defined as above
220 IU/L. Bone marrow plasma cell percentage (BMPC%)
was categorized at the level of 60% (< 60% vs >60%). Chro-
mosome 1q (CKS18) copies were divided into three differ-
ent groups: more than three copies (defined as chromosome
1q amplification), three copies (defined as chromosome 1q
gain), and two copies (defined as relative chromosome 1q
gain due to co-occurrence of deletion of chromosome 1p)
[13]. Moreover, clone size of the 1q+ was categorized into
two groups based on percentage of involved plasma cells
(<20% and >20%) as this cutoff level was recommended
by European Myeloma Network for deletions and numerical
molecular cytogenetic aberrations, and a further study indi-
cated that 20% was an optimal cutoff for predicting outcomes
[23, 24]. Additional cytogenetic alterations included deletion
13q (del 13q), del 17p, t(4;14), t(11;14), IGH abnormalities
(complex IGH rearrangement or IGH loss), and hyperdip-
loidy. We also collected data on therapeutic modalities such
as the use of ASCT as well as bortezomib, lenalidomide, and
daratumumab-based therapies.

Statistical analysis

Descriptive statistical analyses were conducted to sum-
marize the patient characteristics, treatment regimens, and
disease responses according to the IMWG response criteria
[25]. With death as primary event, overall survival (OS)
was defined as the time from discovery of 1q+ to death.
Progression-free survival (PFS) was defined as the time
from discovery of 1q + to first progression/relapse or death,
whichever occurred first. Those who remained alive, without
disease progression at the time of last follow-up or who were
lost to follow-up, were censored in this study. Kaplan—Meier
method was used to estimate the distributions of survival
time. Differences in survival distributions between two
groups were compared by log-rank tests. Results were con-
sidered to be significant if two-sided P-value was less than
or equal to 0.05. All the statistical analyses were performed
using R software (version 3.6.2; www.r-project.org).

Results

All thirty-four subjects were different without duplicate
count, and all had 1q+ detected at the time of initial diagno-
sis of MM. Baseline patient characteristics are summarized
in Table 1. The median age of our patient population was 68
years (range 39-86), 20 (58.8%) subjects were over 65 years
old, and 23 (67.6%) patients were men. The majority was
non-Hispanic White (70.6%), followed by non-Hispanic
Black (14.7%), Asian (11.8%), and Hispanic (2.9%). The
median M-spike was 2.8 g/dL. Approximately half of the
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Table 1 Baseline demographics Variables Distribution
and clinical data of newly
dia'gnosedbmultiple myeloma Age at diagnosis (years), median(range) 68 (39-86)
gz;;izigfggggzmﬁtgf lq Age category n (%) > 65 years 20 (58.8)
<65 years 14 (41.2)
Gender n (%) Male 23 (67.6)
Female 11 (32.4)
Race n (%) Non-Hispanic White 24 (70.6)
Non-Hispanic Black 5(14.7)
Hispanic 1.9
Asian 4(11.8)
ISS stage n (%) I 5(17.9)
II 11 (39.3)
I 12 (42.9)
Isotype 1 (%) Immunoglobin G 15 (44.1)
Immunoglobin A 10 (29.4)
Immunoglobin D 2(5.9)
Kappa light chain only 2(5.9)
Lambda light chain only 5(14.7)
M-spike, median (range) 2.80(0.4-4.77)
LDH elevation at diagnosis n (%) Yes 12 (41.4)
No 17 (58.6)
Percentage of bone marrow plasma cells >60% 16 (47.1)
<60% 18 (52.9)
Baseline creatinine median (range) 1.01 (0.5-11.99)
Chromosome 1q copy number n (%) >3 10 (29.4)
=3 20 (58.8)
=2 4(11.8)
1q +clone size in bone marrow n (%) >20% 22 (66.7)
<20% 11(33.3)
Lytic lesions n (%) Yes 15 (44.1)
No 19 (55.9)
Extramedullary disease n (%) Yes 2(5.9)
No 32 (94.1)
Treatment course 1 (%) Bortezomib based 16 (59.3)
Lenalidomide based 16 (59.3)
Daratumumab based 13 (48.1)
Bone marrow transplant 6(23.1)
Best hematology response n (%) CR 5(23.8)
VGPR 8 (38.1)
PR 5(23.8)
PD 3(14.3)

1g+chromosome 1q gain/amplification; ISS International Staging System; LDH lactate dehydrogenase;
IGH immunoglobin H; CR complete response; VGPR very good partial response; PR partial response; PD

progressive disease

patients had BMPC% > 60% at the time of diagnosis. The
majority of patients had ISS stage II (39.3%) or stage III
(42.9%). More than half of the subjects (66.7%) had >20%
1q+clonal plasma cells, 10 (29.4%) had chromosome 1q
copy number more than three, and 12 (35.3%) had co-occur-
rence of 1p deletion. In addition to 1q+, most patients had
concurrent del 13q (67.6%) and hyperdiploidy (64.7%).

Notably, none of our patients had concurrent t(4;14). The
best hematologic response to plasma-cell directed therapies
during the disease course was a complete response in 23.8%,
very good partial response in 38.1%, partial response in
23.8%, and disease progression in 14.3%.

At the time of this study analysis, 31 patients were
still alive. Nine patients had disease progression after the
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discovery of 1q+. The estimated median OS for the 34
subjects was not reached (NR) (95% confidence interval
[95% CI], NR-NR), and the estimated median PFS was NR
(95% CI: 20.9 months, NR).

Several clinical factors were included in the log-rank
tests to investigate the impact of baseline character-
istics on survival data. It was found that elevated LDH
is significantly associated with inferior OS (NR vs NR,
P=0.04) (Fig. 1), but not PFS (20.9 months vs NR,
P=0.4). Increased percentage of bone marrow plasma
cell infiltration (> 60%) strongly portended to shorter PFS
(20.9 months vs NR, P=0.01) (Fig. 2), and shorter OS
(NR vs NR, P=0.06) as well. When evaluating the impact
of number of copies of CKS18 on survival, it was found
that the presence of more than three copies of 1q+ was
significantly associated with both shorter OS (NR vs NR,
P=0.01) and PFS (9.47 months vs NR, P=0.01) when
compared to those with only three copies of 1q + (Fig. 3).
The presence of EMD at diagnosis was significantly asso-
ciated with shorter PFS (5.92 months vs NR) and addition-
ally tended to have worse OS (9.55 months vs NR), though
the results are from few patients (only two patients had
EMD in our sample). Log-rank tests by other variables
including age, gender, baseline ISS stage, monoclonal
protein isotype, and presence of lytic bone lesions did not
reach any statistical significances. Of note, patients with
1p deletion vs those without 1p deletion showed compara-
ble OS (NR vs NR, P=0.3) and PFS (NR vs NR, P=0.5).
Clone size of 1q+ was also found to have impact on

Fig. 1 Kaplan—Meier analysis
on overall survival in newly
diagnosed multiple myeloma
patients harboring chromosome
1q gain/amplification with dif-

neither OS (NR vs NR, P=0.8) nor PFS (11.0 months vs
NR, P=0.2) when comparing patients of involved plasma
cells >20% with those <20%.

The impact of other concurrent chromosomal abnormali-
ties on survivals in patients with 1q+ was also investigated
(See Table 2), and carrying additional chromosomal abnor-
malities like del 13q, del 17p, t(11;14), hyperdiploidy, and
IGH abnormalities did not show any significant influence
on survival.

To analyze the effects of treatment regimens in this
population, log-rank tests were conducted (Table 3). The
administration of lenalidomide-based treatment was found to
prolong OS (NR vs NR, P=0.03). The use of upfront ASCT,
daratumumab-based treatment, and bortezomib-based treat-
ment was found to be not significantly associated with a
different OS or PFS, compared with patients who did not
receive the treatments above. When stratifying for age in
log-rank tests, the results remained similar. The significant
impact of lenalidomide-based treatment on OS remained
robust (P =0.02). No further multivariable cox regression
was done in this study due to small sample size.

Discussion

In this retrospective study, we examined the real-world out-
come data of patients with NDMM harboring 1q+in the
era of immunotherapy. To our knowledge, this is the one
of the first few studies to examine outcomes in this specific
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Fig.2 Kaplan—Meier analysis on progression-free survival in newly
diagnosed multiple myeloma patients harboring chromosome 1q gain/
amplification with different BMPC% (bone marrow plasma cell per-

patient cohort in the era of monoclonal antibodies which are
now widely used in both the newly diagnosed and relapsed,
upfront setting. We found that the use of lenalidomide was
the only agent which provided an overall survival benefit in
this particular subgroup of myeloma patients. We did not
find a significantly favorable effect of daratumumab in cur-
rent study by log-rank tests only.

A recent large study of newly diagnosed patients with
MM from Mayo clinic showed that 1q + was associated with
significantly shorter median OS (5.3 years vs 8.8 years)
compared with those without 1q+in all treatment groups
which included proteasome inhibitors, immunomodulatory
drugs, and combination of these two. Of note, this study
did not look at outcomes with respect to the use of mono-
clonal antibodies [16]. Du and his team reported that the
median PFS and OS in MM patients with 1q+, treated with
novel therapies including thalidomide and bortezomib, were
23.1 months and 40.0 months, respectively [26]. For those
with newly diagnosed MM harboring 1q+ who were admin-
istered bortezomib-based or lenalidomide-based therapy

Time (months)

centage). Orange line shows samples with BMPC>60%; blue line
shows samples BMPC < 60%

followed by ASCT, a previous study reported a median PFS
of 2.1 years (95% CI: 1.2 years, NR) and a median OS of
4.4 years (95% CI: 2.9 years, NR) [14]. In this report, the
median PFS after the identification of 1q+ was not reached
(95% CI: 20.9 months, NR), and the median OS was not
reached as well (95% CI: NR, NR). The relatively longer
OS and PFS that we reported may reflect the widespread
use of novel therapies and monoclonal antibody regimens
in this study.

LDH is well known to have an independent prognostic
value on disease survival, treatment response, and disease
aggressiveness in both NDMM and relapsed and refractory
multiple myeloma (RRMM) patients [27, 28]. The present
study confirmed the inferior impact of elevated LDH on OS
in NDMM patients with 1q+. A recent study revealed the
prognostic impact of BMPC% in NDMM patients, indicating
that BMPC% being more than 60% is predictive for worse
PFS and OS [29]. Our study substantiated this conclusion
in NDMM patients with 1q + by finding that BMPC% > 60%
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Fig.3 Kaplan—Meier analysis ( A)
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was associated with worse PFS and marginally significantly
associated with worse OS.

The prognostic impact of 1q copy number and clone
size has been investigated in the past. A study from Neben
et al. showed that the presence of greater than three cop-
ies of 1q + was associated with remarkably shorter PFS and
OS, compared with those with normal copy number, while
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the presence of three copies 1q+ only had a marginal nega-
tive effect on outcomes [30]. Another study from Schmidt
et al. found that NDMM patients with 4 or more copies of
1q + had significantly worse PFS compared to those without
1q+, whereas those with three copies had similar PFS [13].
A different study showed that copy numbers of 1q+ tended
to rise at relapse, whereas the 5-year event-free survival and
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Table 2 Impact of concurrent cytogenetic changes on overall survival
(OS) and progression-free survival (PFS) in newly diagnosed multi-
ple myeloma patients harboring chromosome 1q gain/amplification
by log-rank tests

Concurrent cytogenetic abnormalities™ (0N PFS

Type Status N P value P value

Deletion 1p Yes 12 0.3 0.5
No 22

Deletion 13q Yes 23 0.2 0.5
No 11

Deletion 17p Yes 6 0.4 0.9
No 28

t(11:14) Yes 3 0.6 0.3
No 31

IGH abnormalities (rear-  Yes 11 0.9 0.3

rangement or loss) No 23

Hyperdiploidy Yes 22 1.0 1.0
No 12

IGH immunoglobin H

“None of our patients had concurrent t(4;14)

OS between patients with more than three copies and those
with only three copies were comparable in relapsed patients
[31]. A study by An et al. reported similar results, demon-
strating that copy number variation did not have additional
prognostic impact [32]. This was corroborated by Abdal-
lah’s study showing no significant difference in OS between
patients with 3 copies gain and those with 1q amplification
(> 3 copies) [16]. The results from our study were in agree-
ment with the conclusions from the former two studies, sug-
gesting significant outcome differences in NDMM patients
between patients with three copies of 1q +and those with
more than three copies with respect to both OS and PFS.
While using 20% as the cutoff value to predict prognosis
in our study, we found different 1q+ clone size carried no
additional prognostic value in 1q+NDMM patients in terms

of both OS and PFS. This result is consistent with Abdallah’s
finding [16].

There were only two patients with EMD out of our 34
subjects detected at diagnosis. In terms of EMD distribution,
one had central nervous system involvement and another had
liver involvement. A previous study had demonstrated higher
incidence of del (17p) (31% vs 13%) and 1q+ (55% vs 32%)
when comparing patients with and without EMD according
to a small sample [33]. In the present study, we found that
the presence of EMD had significant impact on PFS and
tended to have worse OS in NDMM patients with 1q+. The
result is consistent with the conclusions from other studies
that indicated EMD was associated with poor prognosis in
MM patients compared to those lacking this clinical feature,
though our result is limited to small sample size [34, 35].

The roles of concurrent cytogenetic alterations in patients
with 1q+have been explored in several studies. It was
reported that 1q+ had close associations with several genetic
features including del (13q) and t(4;14) [26, 36]. Our study
showed frequent co-occurrence of 1q+ with del (13q) but
not t(4:14). Furthermore, the co-existence of other cytoge-
netic abnormalities including 1p deletion status in our study
showed no further impact on prognosis.

By performing log-rank tests, we further investigated the
impact of different therapeutic strategies in MM patients har-
boring 1q+. A previous study showed that 1q+ conferred
an inferior prognosis in patients treated with chemotherapy
incorporating bortezomib [32]. Total therapy 3 trial noted
patients with 1q+had early progression and worse overall
survival when being treated with bortezomib compared
to those without 1q+, and demonstrated that it was likely
related to the overexpression of PSMD4, a non-ATPase
subunit of the proteosomal 19S regulator on chromosome
1921, whose level is highly correlated to CKS1B copy
numbers [37]. The results from the present study regard-
ing bortezomib are consistent with above data, suggesting
that population with 1q+ may confer resistance to borte-
zomib. Varma’s team performed propensity score-matched
analysis to compare MM patients with 1q+ with/without

Table 3 Impact of different
treatment regimens on overall
survival (OS), progression-

free survival (PES) in newly
diagnosed multiple myeloma
patients harboring chromosome
1q gain/amplification by log-
rank tests

Treatment regimens (0N} PFS
Median, mo P value Median, mo P value

Bortezomib-based treatment Yes NR 0.3 NR 0.5

No NR 24.0
Lenalidomide-based treatment Yes NR 0.03 NR 0.1

No NR 9.5
Daratumumab-based treatment Yes NR 0.5 20.9 0.7

No NR NR
Bone marrow transplant Yes NR 0.3 NR 0.4

No NR NR

mo month
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1p- and patients with normal FISH panel undergoing ASCT
and demonstrated that the former group had shorter PFS
(26.5 months vs 38.8 months); however, this median PFS
of 26.5 months is longer than historically reported median
PFES of 19 months for 1q+ NDMM patients of whom not
every patient received ASCT [20]. Varma’s study indicated
that ASCT improved the outcomes of 1q+ with/without
1p- though this approach did not fully overcome the nega-
tive impact of this cytogenetic change. A CIBMTR analysis
evaluated the prognostic outcomes in patients underwent
ASCT from 2008 to 2012, and found those with 1q + abnor-
malities had comparable outcomes with those without high-
risk abnormalities [38]. Our study did not prove the prog-
nostic benefit of ASCT, but it might be limited by the small
number. There were only 6 patients who had ASCT, which
was likely a result of patients’ eligibility and preference in
the setting of advanced age, performance status, and base-
line comorbidities. There has been no study examining the
impact of lenalidomide alone on this population, but a prior
study showed that 1q + was associated with earlier progres-
sion with lenalidomide, bortezomib, and dexamethasone
compared to a control group [13]. When performing log-
rank tests in our study, the lenalidomide-based treatment was
found to prolong OS. The crude protective effects of lena-
lidomide could be partially explained by the healthier status
of patients, given lenalidomide is used more frequently in
patients with better renal function. A further log-rank test
stratified by age confirmed the favorable impact of lenalid-
omide-based treatment on OS, though further adjustments
for other covariates were unable to be done in this study due
to relatively small sample size.

Daratumumab, a human monoclonal antibody targeting
CD38, has affected durable responses and survival benefits
in MM patients of all risk groups generally, especially
in relapsed or refractory patients [39-42]. A systematic
review and meta-analysis by Giri et al. suggested that
adding daratumumab to backbone regimens in both newly
diagnosed or relapsed/refractory high-risk MM patients
(defined as the presence of t(4;14), t(4;16), or del (17p))
was associated with improved PFS [43]. However, the
studies regarding daratumumab’s impact on patients with
1q + are rare. One study so far investigated outcomes of
refractory MM patients who all received daratumumab
and reported that both the gene expression profiling (GEP)
70 score and the status of 1q + were independently associ-
ated with worse PFS; patient with high GEP 70 score had
significantly inferior OS, but 1q+ (N=36) showed only
a trend for poor OS (N=45) [44]. However, this cited
study did not include newly diagnosed patients. Most
importantly, it only answered the prognostic differences
between patients with and without 1q +, but did not evalu-
ate the real efficacy of daratumumab in those patients with
1q + specifically. Another study ever investigating the role
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of CD38 monoclonal antibody was an abstract retrospec-
tively analyzing the data from ICARIA-MM study and
phase 1b TCD 14,079 (NCT02283775), which found that
compared to pomalidomide-dexamethasone (Pd) alone,
addition of isatuximab to Pd in RRMM patients with
1q +led to significantly improved PFS; however, patients
with 1q+ still had inferior overall response rate and PFS
compared to those without 1q + [45]. Of note, this is a
study which only investigated RRMM patients as well.
Our study is the very first study exploring the prognos-
tic role of daratumumab in NDMM patients with 1q+,
and we did not demonstrate its efficacy in this population.
The resistance to CD38 monoclonal antibodies in patients
harboring 1q+ may be related to the JAK-STAT pathway,
though further data are needed. [46, 47]

A strength of our study is its complete data set with no
missing information in a real-world setting. It is an impor-
tant study creatively exploring the baseline characteristics
and the impact of novel agents, especially monoclonal anti-
bodies, uniquely in this population of NDMM patients with
1q+. Prior studies usually focused on intergroup differences
by comparing cohort with 1q + and those without 1q+[13,
14, 20]; however, this study revealed intragroup outcomes
based on different predictors. The primary limitations of
this study are the relatively small sample size and its single-
center retrospective nature. In addition, we were not able
to perform multivariable cox regression analysis due to its
small cohort nature; thus, the confounding effect from con-
founders like age, ISS, and/or renal function still existed,
though our stratified log-rank tests adjusted the confounding
effect of age and showed similar results. Moreover, we only
included bortezomib, lenalidomide, and daratumumab use
in this study, but not other proteasome inhibitors such as
ixazomib/carfilzomib, or other immunomodulators such as
thalidomide/pomalidomide, or other monoclonal antibod-
ies like elotuzumab/isatuximab. Future studies with larger
sample sizes and more extensive data to look at the impact
of different therapies on this important patient population
are required.

Conclusions

In summary, we investigated the NDMM patients harboring
chromosome 1q gain/amplification and evaluated the out-
comes according to different clinical characteristics, addi-
tional cytogenetic abnormalities, and treatment regimens.
We investigated the impact of novel therapies and mono-
clonal antibodies including daratumumab in this unique
population and demonstrated the potential prognostic ben-
efit of lenalidomide. These results may help to guide the
therapeutic strategies and choices in this population in the
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future. Larger sample size and prospective clinical trials are
warranted to confirm these results, further explore the role
of monoclonal antibodies, and improve the outcomes of MM
patients with this cytogenetic abnormality.
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