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Abstract

We aimed to identify whether the use of autologous hematopoietic cell transplantation (HCT)
impacts outcomes for multiple myeloma patients with gains of chromosome 1q (+1q). We
retrospectively identified 95 patients, 21% having +1q. For patients with +1q, the overall response
rate to induction was 85%, with 40% having =2VGPR and 20% achieving a CR, similar to non +1q
patients (o =.64). The median PFS from diagnosis with +1q was 2.1 years (95% CI: 1.2—not
reached (NR)) vs 4.3 years (95% CI: 3.3 yrs—NR) without +1q (p=.003). Median OS from
diagnosis was 4.4 years (95% CI: 2.9-NR) vs not reached, respectively (p=.005). On molecular
analysis using the Foundation One Heme assay, the most common mutations seen in +1q patients
included TP53 (38%) and KRAS (25%). Overall, gain of 1q portends worse PFS and OS which
was not negated by auto HCT. Such patients will likely require additional therapy to improve their
survival.
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Introduction

Gains in chromosome 1 (+1q) are among the most common cytogenetic abnormalities in
multiple myeloma (MM) and are identified in 20-50% of newly diagnosed patients.[1,2]
The frequency increases along the disease continuum from smoldering to relapsed disease.
[3] Abnormalities include balanced translocations, amplifications, and jumping
translocations, leading to an increased copy number of genes on this locus.[4] Various
studies have shown associations between +1q and the presence of other fluorescence-in-situ
hybridization (FISH) abnormalities including del 17p and del 13q, as well as other markers
of disease burden including beta-2-microglobulin, lactate dehydrogenase, anemia, bone
marrow plasmacytosis, and International Staging System (ISS) stage 3 disease. Furthermore,
a higher portion of patients with +1q are non-Caucasian, have IgA subtype disease, and have
extramedullary or central nervous system involvement, which are associated with more
aggressive disease biology.[3,5-8]

In the era of novel agent therapy for MM, cytogenetic risk stratification remains an
important prognostic factor.[9,10] The International Myeloma Working Group (IMWG)
defines cytogenetically high-risk disease by the presence of t(4;14) or del 17p13.[9] While
gains in chromosome 1q by FISH are not currently considered high-risk by the IMWG
classification, several studies have identified it as a poor prognostic marker even when
patients are treated with newer active agents.[8,11,12] Other studies have failed to show a
similar association, though some of these patients were treated with older regimens.[3,7,13]
Studies are also conflicting on the prognostic importance of copy number variations.
[8,11,14] Despite inconsistencies in available data, to be classified as low-risk by IMWG
criteria, a patient cannot harbor extra copies of chromosome 1q.

While the timing of high dose melphalan and autologous hematopoietic cell transplantation
(HCT) is currently being studied, upfront HCT remains standard of care for transplant-
eligible patients with MM. When compared with patients without high-risk cytogenetics,
MM patients with t(4;14) and del 17p have a similar depth of response, but a shorter
progression free survival (PFS) duration even after HCT in the modern era.[15] In the
current study, we aimed to evaluate the outcomes of patients with gains of chromosome 1 g
who underwent upfront HCT.

Subjects and methods

Newly diagnosed symptomatic MM patients treated at Memorial Sloan Kettering Cancer
Center (MSKCC) between January 1, 2009 and December 31, 2012 were evaluated for
inclusion in our retrospective study. Patients were included if they had FISH on a pre-
treatment bone marrow specimen performed as previously described,[16] received induction
therapy, and subsequently underwent an upfront HCT.
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Demographic and disease characteristics, as well as treatments, were abstracted from the
electronic medical record with approval from the institutional review board and compared
using the Fisher’s exact test. Patients were classified by the ISS stage,[17] and response was
evaluated using the International Myeloma Working Group (IMWG) uniform response
criteria.[18] For patients with +1q, the copy number and percentage of cells involved were
collected from the cytogenetic database.

PFS and overall survival (OS) were calculated from diagnosis and HCT, estimated by
Kaplan—Meier methods, and compared by the log rank test. Patients who remained alive
were censored at last follow-up. Cox regression was used to create the univariate and
multivariate models to examine the correlation between covariates and survival. All analyses
were performed using SAS 9.4 (The SAS Institute, Cary, NC).

A subset of banked samples were analyzed using the Foundation One Heme sequencing
assay, which does not require a paired normal control.[19] Using bone marrow aspirate
samples, this test identifies short variants, copy number gains and losses, rearrangements,
and fusions using a hybrid capture, high depth, targeted sequencing platform to analyze 405
DNA genes and 265 RNA genes.

Ninety-five patients met inclusion criteria and had a median age of 58 years (range 29-73),
with 63% male and 78% Caucasian. The majority of patients had IgG subtype disease
(54%), and 52%, 28%, and 20% were ISS Stage I, I1, and 111, respectively. Fifteen percent
had high-risk disease with deletion 17p or t(4;14) by FISH. Patients had a high disease
burden with a median bone marrow plasmacytosis of 37% (range, 2-94%). At diagnosis,
lytic lesions were identified in 79/95 (83%) with 45/95 (47%) having extramedullary
disease. Creatinine above 2 mg/dL was seen in 5/95 (5%). Only one patient had central
nervous system disease (Table 1).

Patients were separated into two cohorts based on the presence or absence of a gain in
chromosome 1q by FISH, with 20 patients (21%) having the abnormality. Complex
karyotypes and deletion 13q by FISH were seen more frequently in patients with +1q (50 vs
16%, p=.01 and 55 vs 19%, p=.004, respectively). Lytic lesions at diagnosis and
extramedullary disease were also more common in patients with excess 1q, though not
statistically significant, likely due to a small sample size (95 vs 80%, p=.18 and 65 vs 43%,
p=.085, respectively). The other disease characteristics were similar between the two groups
(Table 1).

All 20 patients had at least 3 copies of 1q with a median of 17% (range, 1.6-98%) of cells
involved. More than 3 copies were seen in 24% of patients, with a median of 48% (range,
1.6-98%) of cells involved. No patients had more than 5 copies identified by FISH.
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Induction therapy was divided into three groups for comparison. “Lenalidomide-based”
included primarily lenalidomide and dexamethasone (Rd) treatment that was given to 15%
of those with +1q and 28% of those without. Thirty-five percent of patients with +1q and
40% of those without +1q received “bortezomib-based” therapy, which included bortezomib
and dexamethasone (Bd); cyclophosphamide, bortezomib, and dexamethasone (CyBorD);
and bortezomib, liposomal doxorubicin, and dexamethasone (BDD). Finally, bortezomib,
lenalidomide, and dexamethasone (RVD) was given to 45% of patients with +1q versus 32%
of patients with 2 copies of 1q.

Responses to initial therapy were similar between patients with and without +1q (Table 2).
For patients with +1q, the overall response rate to induction (ORR) was 85%, with 40%
achieving 2VGPR and 20% CR. Hematologic responses in patients with a normal 1q
complement were not significantly different (0 =.64) with an ORR of 83%, =VGPR 52%,
and CR 20%. Patients were offered additional therapy prior to HCT if they had stable or
progressive disease following initial therapy with 15% and 16% of patients with and without
excess 1q requiring salvage therapy (p>.99).

All patients underwent HCT with melphalan conditioning. Tandem HCT was performed in
5% of patients with +1q and in 8% without +1q (p >.99). Response rates were again similar
between cohorts (p=.91) with ORR to HCT 95%, =VGPR 80%, and CR 55% in the +1q
patients compared with 97%, 73%, and 53% in those without excess 1q, respectively. Fifteen
percent of patients in each group received consolidation therapy after transplant and the vast
majority received maintenance therapy (75 and 77%, p =.78), most often with lenalidomide.
More patients in the +1q group went on to receive an allogeneic transplant (Allo HCT) after
relapse (40% vs 8%, p=.001). Complete response rates to Allo HCT were similar in patients
with +1q (63%) compared with the small number of patients without +1q (67%) (v >.99).

Median follow-up in surviving patients was 3.9 years (range, 0.72-6.1). The median PFS
from diagnosis in patients with +1q was 2.1 years (95%CI: 1.2-not reached (NR)) compared
with 4.3 years (95% ClI: 3.3 yrs—NR) for patients with 2 copies of chromosome 1q (v =.003,
Figure 1(a)). Similarly, two-year and three-year PFS were lower in +1q patients (56% (95%
Cl: 40-79%) and 31% (95% CI: 16—60%) versus 76% (95% CI: 68-84%) and 63% (95%
Cl: 54-73%), respectively).

For +1q patients, median OS from diagnosis was 4.4 years (95% CI: 2.9-NR), with two- and
three-year OS 80% (95% CI: 66-97%) and 65% (95% CI: 48—-88%), respectively. Patients
without +1q had a median OS that was not reached, with two- and three-year OS 93% (95%
Cl: 88-98%) and 86% (95% CI: 79-93%), respectively (p=.005) (Figure 1(b)).

To evaluate the potential benefit of HCT, we measured PFS and OS from the date of
transplantation. While the response rate of the patients with +1qg remained high and similar
to patients without +1q, their poor prognosis was not negated by high dose melphalan and
HCT. Median PFS from HCT in patients with +1q was 1.98 years (95% CI: 1.25-NR) with
two-and three-year PFS 48% (95% CI: 30-77%) and 40% (95% CI: 22—72%), respectively.
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On the other hand, without +1q, the median PFS was 4.4 years (95% CI: 2.96-NR) with
two- and three-year PFS 72% (95% CI: 62-83%) and 61% (95% CI: 50-74%), respectively
(p=.05) (Figure 2(a)). Two patients in the +1q cohort and 8 patients in the other cohort
progressed prior to HCT. When these events are removed to capture only first progression
following HCT, the PFS after transplantation remains shorter in patients with +1q (p=.031).

Finally, the median OS from HCT was not reached in either cohort. However, two-year OS
was lower in +1q patients (80% (95% CI: 64-99%) versus 94% (95% CI: 89-99%) in those
without +1q. Similarly, three-year OS was 61% (95% Cl: 42-89%) in patients with excess
1g compared with 93% (95% CI: 86-99%) (p =.002) (Figure 2(b)). In a comparison
removing patients with del17p and t(4;14) from both cohorts, three-year OS remains shorter
for the +1q patients (p=.04).

Univariate and multivariate analyses were performed to determine factors associated with
PFS and OS after HCT. In the univariate model for PFS, we included the gain of
chromosome 1, gender, isotype, ISS stage, and the presence of lytic lesions or
extramedullary disease at diagnosis. There was a trend towards significance for the
association between PFS and the presence of +1q by FISH (HR 1.99 (95% CI: 0.99-4.00), p
=.05). When adjusted for ISS stage in the multivariate model, the presence of excess 1q had
a significant association with PFS (HR 2.03 (1.00-4.09), p=.049) (Table 3). Including
similar factors, gain of chromosome 1q was significantly associated with OS on both
univariate (HR 4.6 (95% ClI: 1.66-12.76), p =.003) and multivariate analysis (HR 5.11 (95%
Cl: 1.77-14.76), p=.004) (Table 4).

The Foundation One Heme assay was used to identify genomic abnormalities in a subset of
patients with available banked samples. Twenty-nine samples were examined, with 8
samples from +1q patients. These included 3 diagnostic samples and 5 relapse samples, all
of which had complex karyotypes. The other 21 samples were divided as follows: diagnostic
samples with normal cytogenetics and karyotype (/7=8); diagnostic samples with normal
cytogenetics and karyotype, but primary refractory disease (17 =2); diagnostic samples with
other cytogenetic abnormalities, but primary refractory disease (7=4); relapse samples of
patients with primary refractory disease (7 =5); samples with complex karyotypes, but no
+1q (n=2).

The median exon coverage was 494.5 x (range 381-603x per sample), and the median
percentage of reads supporting the variant was 48 (range 1-100). Of note, 13 patients’
results (45%) were qualified due to alteration detection sensitivity reduced from low
coverage, elevated GC bias, low tumor content, or potential contamination.

A total of 267 genomic alterations were identified, with 239 (90%) classified as variants of
unknown significance. For descriptive purposes, we will discuss the known and likely
somatic alterations (Figure 3). In the +1q patients, 3/8 patients had more than one alteration
with the most common mutations being TP53 (38%) and KRAS (25%). In the patients
without +1q, a broader range of mutations was seen with all mutations found once in the
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cohort, with 1 mutated TP53 and 1 KRAS. Interestingly, 3/8 patients with +1q and 13/21
patients without +1qg had no known or likely variants.

Finally, CKS1B is one of the genes proposed to be amplified with a gain in 1q and has been
associated with poor prognosis. None of the eight +1q samples had amplifications of
CKS1B. However, 7 copies are required to be considered amplified by the Foundation One
Heme assay. On subsequent analysis of the data, one patient had 7 copies, but the sample
was qualified for low purity. Four of the patients with-+1q by FISH had 3—4 copies
identified. Intriguingly, two patients without +1q by FISH were also identified as having 3
copies of CKS1B.

Discussion

We present a large retrospective study evaluating the disease characteristics and prognosis of
patients with gains of chromosome 1q by FISH who were treated with novel agent induction
regimens and high-dose melphalan with HCT. While response rates to induction were high
and similar to patients without these cytogenetic abnormalities, patients with +1q had shorter
PFS and OS from diagnosis. Furthermore, the poor prognosis conferred by +1q was not
abrogated by HCT.

Recent studies have evaluated the outcomes of patients with +1q based on induction
regimen. An et al. [11] showed that patients with +1q had inferior outcomes when treated
with bortezomib, but not thalidomide. They also showed that three copies of 1921 in 20% of
plasma cells conferred bortezomib resistance. Similarly, Biran et al. [8] showed that these
patients had a higher frequency of markers of aggressive disease and a median OS from
diagnosis of only 37 months when treated with RVD induction. Our results are similar and
confirm that patients with +1q have a poorer OS from diagnosis regardless of initial therapy.

More recently, Kazmi et al. [15] demonstrated that patients with high-risk cytogenetic
abnormalities have a worse prognosis after HCT compared with standard-risk patients. They
used a broader definition of high-risk and did not separate the results based on individual
abnormalities. However, they showed that these patients have prolonged survival if
transplanted in first remission rather than at relapse. On the other hand, in the first interim
analysis of a phase I11 trial evaluating HCT vs bortezomib-based consolidation after a
bortezomib based induction, Cavo et al. [20] found a longer PFS with HCT and that this
benefit was retained across pre-defined subgroups including high-risk disease defined as
t(4;14) = del(17p) + del(1p) £ 1q gain. Further information on the number of patients in
these subgroups and their outcomes compared with those transplanted without the
abnormalities will be important. In a retrospective analysis of the +1q subset presented by
Bock et al.,[21] median PFS from transplant was only 10.7 months. With longer follow-up,
we are able to show that beyond just a shorter median PFS, patients with +1q also have a
shorter OS from HCT. However, as we only included patients with upfront HCT, we are
unable to compare the outcomes to those transplanted at relapse.

Several genes have been suggested as the target on chromosome 1q. By the 70-gene
molecular signature developed at Arkansas (GEP70), 30% of high-risk genes are on
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chromosome 1.[22] Two particular proposed genes are CKS1B, which regulates
ubiquitination and proteolysis of cyclin-dependent kinases to mediate cell cycle progression
and confers drug resistance, and PMSD4, a polyubiquitin receptor that mediates bortezomib
resistance.[23,24] In our subset of banked samples, we found an increase in copy number of
CKS1B, though not to the level required by clinical sequencing assays. However, as copy
number variation is not uniformly associated with prognosis, additional data on CD138
selected samples will likely allow for a more robust analysis. In addition, studies are
underway to identify agents that can overcome CKS1B-induced drug resistance.[25]

In our limited sample, we also found that additional molecular abnormalities may be more
common in the +1q patients, potentially allowing for the segregation of these patients into
subgroups for targeted therapies. TP53 and KRAS mutations were seen in +1q patients, but
additional analysis in a larger set of patients would be needed to confirm this finding. Walker
et al. [26] identified mutations in the RAS/MAPK, nuclear factor-xB, and DNA repair
pathways as the most common in newly diagnosed MM, though the prognostic significance
varies. In their samples of all newly diagnosed patients, RAS mutations occurred in 43% of
samples, while TP53 pathway alterations occurred in 11%. Similarly, using deep
sequencing, Lionetti et al. [27] found that more than half the patients had alterations in the
MAPK pathway, but no data with respect to therapy was given. Therefore, the implications
of such mutations in the context of HCT remains unclear.[28] These studies suggest that
studying agents that target the MAPK pathway may be effective for treating MM including
patients with excess 1q.

Additional options for therapy intensification for patients with +1g may include the use of
tandem HCT frontline or modifications to the high dose melphalan conditioning regimen.
Recent studies of modern induction including proteasome inhibition followed by tandem
HCT in patients with high-risk disease have shown three-year PFS between 35 and 69%.
[14,29] In addition, studies adding bendamustine or thiotepa to melphalan as conditioning
for the second HCT suggest that these options are feasible,[30,31] though their impact is
unknown as only 10% of patients in each trial had high-risk disease by current cytogenetic
risk classification. Pharmacokinetic targeted dosing of melphalan may also improve
outcomes while limiting toxicity.[32]

There are several limitations of this study, including its retrospective nature. In addition,
during the included time period, standard FISH was performed on unselected bone marrow
aspirates. FISH performed on CD138 selected cells, as is our practice now, is significantly
more sensitive and allows for better cytogenetic characterization. Our pathology department
also used probes for 1925 and 1g21 depending on the lab standard at the time. This is
unlikely to affect the results as the entire arm is often duplicated by karyotype. Furthermore,
we had planned to compare copy number alterations with outcome, but most patients had 3—
4 copies by FISH, and therefore, this analysis was not possible. Similarly, as the Foundation
One Heme requires 7 copies for a gene to considered amplified, we were unable to
molecularly define our population based on these limited samples. However, we intend to
expand our studies to include more recently evaluated patients with CD138 selected samples
to confirm our findings.
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conclusion, patients with gains in chromosome 1 have a worse PFS and OS even after

undergoing HCT. Additional studies are needed to identify treatments that can overcome
these resistant MM cell clones. Molecular sequencing may identify potential targets but will
require study in a large population of +1q patients. Finally, additional interventions such as

ne

wer conditioning regimens, tandem transplants, or molecularly targeted therapies from

induction and continued throughout therapy may be needed to improve outcomes.
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Figure 1.

Survival from diagnosis, (a) progression free, (b) overall.
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Truncating Mutation Fusion
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Genomic abnormalities called by Foundation One as known or likely, (a) Patients with +1q

by FISH, (b) Patients without +1q by FISH.
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Patient, disease, and treatment characteristics.

Table 1

Page 13

Total sample N =95, %

Gain 1g N =20, %

No gain 1g N =75, %

p Value

Age, Median (Range)
Male
Race
Caucasian
African American
Other
Isotype
19G
IgA
Kappa
Lambda
ISS stage
|
1]
1l
BM PC, % (range)
Lytic lesions
Extramedullary disease
CNS disease
Creatinine >2mg/dL
Karyotype
Normal/single abnormality
Complex
Not done/not adequate
FISH
Any abnormality
High risk
1123 (MLL)
Del13q
Treatment
Induction
Lenalidomide based
Bortezomib based
RVD
Required additional induction
Tandem HCT
Maintenance after HCT

Allogeneic HCT

58 (29-73)
60 (63)

74 (78)
17 (18)
4(4)

51 (54)
20 (21)
13 (14)
11 (12)

49 (52)
27 (28)
19 (20)
37 (2-94)
79 (83)
45 (47)
1(1)
5(5)

61 (64)
22 (23)
12 (13)

75 (56)
14 (15)
29 (31)
25 (26)

24 (25)
37 (39)
33 (35)
15 (16)
7(7)
73 (77)
14 (15)

55 (32-71)
16 (80)

15 (75)
4 (20)
1(5)

14 (70)
3(15)
1(5)
2 (10)

10 (50)
6 (30)
4 (20)
40 (3-82)
19 (95)
13 (65)
1(5)
1(5)

8 (40)
10 (50)
2(10)

25 (100)
4 (20)
10 (50)
11 (55)

3(15)
7(35)
9 (45)
3(15)
1(5)
15 (75)
8 (40)

58 (29-73)
44 (57)

59 (79)
13 (17)
3(4)

37 (49)
17 (23)
12 (16)
9(12)

39 (52)
21 (28)
15 (20)
36 (2-94)
60 (80)
32 (43)
0
4(5)

53 (71)
12 (16)
10 (13)

50 (46)
10 (13)
19 (25)
14 (19)

21 (28)
30 (40)
24 (32)
12 (16)
6(8)
58 (77)
6(8)

12
.89

44

>.99

.26
.18
.085
21
>.99
.01

<.001
.33
.078
.004

.16

>.99

>.99
.78

.001

BM PC: bone marrow plasma cells; CNS: central nervous system; Del13q, deletion of chromosome 13g or monosomy 13 by FISH; FISH:
fluorescence in-situ hybridization; Gain 1q: Gain of chromosome 1g21 or 1925 by FISH; HCT: hematopoietic cell transplantation; High risk,
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deletion 17p, t(4;14), or t(14;16) by FISH; ISS: International Staging System; MLL: mixed lineage leukemia gene; RVD: lenalidomide,
bortezomib, dexamethasone.
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Response to induction and auto HCT.

Table 2

Total sample Gainlg Nogain 1q
N =95, % N=20,% N=75% p-Value

Induction .64

CR 19 (20) 4 (20) 15 (20)

VGPR 28 (29) 4(20) 24 (32)

PR 32 (34) 9 (45) 23 (31)

SD/PD 16 (17) 3 (15) 13 (17)
HCT 91

CR 51 (54) 11 (55) 40 (53)

VGPR 20 (21) 5 (25) 15 (20)

PR 13 (14) 3(15) 10 (13)

SD/PD 3(3) 1(5) 2(3)

Page 15

Auto HCT: autologous hematopoietic cell transplantation; CR: complete response; PD, progressive disease; PR, partial response; SD, stable

disease; VGPR: very good partial response.
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Table 3

Univariate and multivariate analysis for PFS from auto HCT.
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Univariate Multivariate

Covariates HR(95% CI) pValue HR(95% Cl) pValue
Chrom 1 gain 1.99 (0.99-4.00) .05  2.03(1.00-4.09)  .049
Male gender 1.64 (0.88-3.05) 12 -
Isotype — 19G Reference .69 -

IgA 0.75 (0.32-1.75)

Kappa LC 1.32 (0.59-2.98)

Lambda LC 0.76 (0.26-2.22)
ISS stage — | Reference .27 Reference .25

1l 1.5 (0.74-3.04) 1.53 (0.76-3.12)

1l 1.85 (0.84-4.04) 1.86 (0.85-4.08)
Lytic lesionsatdx 0.9 (0.41-1.94) .78 -
EMD at dx 1.54 (0.83-2.85) A7 -

Leuk Lymphoma. Author manuscript; available in PMC 2018 February 01.

Auto HCT: autologous hematopoietic cell transplantation; dx: diagnosis; EMD: extramedullary disease; ISS: International Staging System; LC:
light chain; PFS: progression-free survival. Bold value indicates significant p values.



Shah et al. Page 17

Table 4

Univariate and multivariate analysis for OS from auto HCT.
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Univariate Multivariate

Covariates HR (95% CI)  pValue HR (95% CI) p Value
Chrom 1 gain 46(1.66-12.76)  .003 511 (1.77-14.76)  .004
Male gender 1.4 (0.53-3.68) .5 -
Isotype — 19G Reference 75 -

IgA 0.66 (0.18-2.38)

Kappa LC 0.61 (0.13-2.75)

Lambda LC 0.44 (0.06-3.45)
ISS stage — | Reference .16 Reference 14

1l 2.74 (0.9-8.4) 2.98 (0.96-9.19)

1l 2.45 (0.66-9.16) 2.73(0.72-10.26)
Lytic lesionsatdx  0.72 (0.23-2.2) .56 -
EMD at dx 2.46 (0.91-6.67) .08 -

Leuk Lymphoma. Author manuscript; available in PMC 2018 February 01.

Auto HCT: autologous hematopoietic cell transplantation; dx: diagnosis; EMD: extramedullary disease; ISS: International Staging System; LC:
light chain; PFS: progression-free survival. Bold values indicate significant p values.



	Abstract
	Introduction
	Subjects and methods
	Results
	Patients
	Treatment
	Survival
	Molecular

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

