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Amplification of Chromosome 1q Predicts Poor Overall 
Survival in Newly Diagnosed Multiple  

Myeloma Patients

Matevz Skergeta, b, d , Barbara Skopeca, b, Samo Zvera, b, Helena Podgornika, c

Abstract

Background: Chromosome 1q copy number alterations are common 
in newly diagnosed patients with multiple myeloma, and in most pub-
lished studies, there is no distinction made between three copies or the 
addition of at least four copies. The impact of these copy number altera-
tions on patient outcome and optimal treatment is not fully understood.

Methods: We retrospectively analyzed 136 transplant eligible pa-
tients with newly diagnosed multiple myeloma from our national 
registry, who were treated with first autologous stem cell transplanta-
tion (aHSCT) between January 1, 2018, and December 31, 2021. The 
primary endpoint was overall survival.

Results: Patients with at least four copies of chromosome 1q had the 
poorest prognosis, with an overall survival of only 28.3 months. In 
multivariate analysis, four copies of chromosome 1q were the only 
statistically significant factor for overall survival.

Conclusions: Despite the use of novel agents, transplantation, and 
maintenance therapy, patients with a gain of four copies of chromo-
some 1q have a very poor survival rate. Therefore, prospective studies 
using immunotherapy in this patient population are necessary.
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Introduction

Multiple myeloma (MM) is an incurable plasma cell neoplasm 

with heterogeneous outcomes in progression-free survival (PFS) 
and overall survival (OS). Established cytogenetic risk factors 
predicting poor outcome include immunoglobulin heavy-chain 
(IgH) translocations (t)(4;14), t(14;16), t(14;20) and deletion 
(del) 17p and are incorporated to the definition of high-risk 
disease [1, 2]. Additional copies of any part of the long arm of 
chromosome 1 (1q+) are among the most common findings in 
patients with myeloma, occurring in 35-40% of patients with 
newly diagnosed multiple myeloma (NDMM) [3]. They occur 
as secondary events and are often associated with other high-risk 
cytogenetic changes and lead to increased expression of several 
oncogenes, including CKS1B, resulting in increased prolifera-
tion, dysregulated cell cycle, and antiapoptotic effect [4]. This 
results in high-risk disease, drug resistance and shorter OS [5, 
6]. Additionally, 1q+ can be divided into two categories accord-
ing to the number of copies gained. Chromosomal changes with 
three copies are defined as gain(1q) while patients with at least 
four copies are defined as amplification (amp)1q.

Materials and Methods

The objective of this retrospective observational study was to 
evaluate the impact of gain(1q) and amp(1q) on OS in a co-
hort of transplant eligible NDMM patients treated with proteo-
some inhibitors (PI) and/or immunomodulatory drugs (IMIDs) 
induction followed be single or tandem autologous stem cell 
transplantation (aHSCT). We included patients treated with first 
aHSCT between January 1, 2018, and December 31, 2021. Pres-
ence of t(11;14), t(4;14), t(14;16), t(14;20), del(17p), gain(1q), 
amp(1q) and hyperdiploidy was detected by fluorescence in 
situ hybridisation (FISH) on CD138-positive immunoselected 
plasma cells from bone marrow samples at time of diagnosis. 
Patients with insufficient material for cytogenetics were exclud-
ed. Statistical differences in baseline characteristics were evalu-
ated using analysis of variance (ANOVA) for quantitative vari-
ables and Chi-squared for categorical variables. OS and overall 
survival from time of aHSCT (aHSCT-OS) were defined from 
the date of diagnosis, and date from aHSCT to death from any 
cause, respectively. Patients alive were censored at the last con-
tact. OS and aHSCT-OS were estimated for defined cytogenetic 
risk groups using the Kaplan-Meier method and compared using 
the log-rank test. The impact of other variables on OS were as-
sessed by univariate and multivariate Cox proportional hazards 
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model. Statistical analysis was done using Jamovi on top of the 
R statistical language.

This study complies with the Declaration of Helsinki and 
was approved by the local ethical committee at the Univer-
sity Medical Center in Ljubljana (KSVE 140223). All patients 
gave written consent for data collection and analysis in our 
national registry and international registries for bone marrow 
transplantation.

Results

We included 136 NDMM patients. Most patients received in-
duction therapy with bortezomib, dexamethasone and IMIDs 
(65%), conditioning with melphalan 200 mg/m2 (85 %), and 
23% of patients received tandem aHSCT. At our institution 
tandem aHSCT is the preferred choice for patients with high-
risk cytogenetics. Maintenance therapy with lenalidomide or 
bortezomib was given to almost half of all patients. Second-
line therapy options available at our institution at the time were 
daratumumab combinations, second-generation PI combina-
tions, and pomalidomide. Treatment across the subgroups was 
similar. Baseline characteristics showed variations between 
groups based on the international staging system (ISS) stage 

and the number of tandem transplants. Baseline characteristics 
and treatment are presented in Table 1.

OS and aHSCT-OS were analyzed for four subgroups; 
patients with established high-risk cytogenetics including 
del(17p), t(4;14), t(14;16), t(14;20), patients harboring isolat-
ed gain(1q), patients harboring isolated amp(1q), and patients 
with other cytogenetic changes (Fig. 1). Patients with isolated 
gain(1q) had similar OS as patients with high-risk cytogenet-
ics. Patients with isolated amp(1q) had the worst prognosis 
with a median survival of only 28.3 months despite availability 
of novel agents at relapse.

In multivariate analysis amp(1q) was associated with a 
significantly higher risk of death (hazard ratio (HR): 7.06, P = 
0.011). Conversely, a hyperdiploid karyotype was found to re-
duce the risk of death (HR: 0.32, P = 0.045). However, no sta-
tistically significant differences were observed in OS among 
the groups receiving different induction treatment, tandem 
transplantation, or lenalidomide maintenance (Fig. 2)

Discussion

The use of PI and IMIDs in induction treatment and mainte-
nance, and aHSCT is known to improve PFS and OS in patients 

Table 1.  Baseline Patient Characteristics and Treatment

Entire cohort (n = 136) Gain(1q) cohort (n = 38) Amp(1q) cohort (n = 9) P value
Age, median (range) 62 (41 - 73) 62 (49 - 73) 61 (43 - 68) 0.805
Male, n (%) 81 (60%) 21 (55%) 6 (67%) 0.769
Female, n (%) 55 (40%) 17 (45%) 3 (33%) 0.769
ISS (1; 2; 3)% 36%; 34%; 30% 32%; 27%; 41% 0%; 86%; 14% 0.03
Protein M type, n (%) 0.098
  IgG 80 (59%) 23 (61%) 7 (78%)
  IgA 26 (19%) 8 (21%) 1 (11%)
  Light chain only 29 (21%) 7 (18%) 1 (11%)
  Non-secretory 1 (1%) 0 0
High-risk cytogenetic group, n (%) 23 (17%)a 7 (18%) 1 (11%) 0.871
Induction treatment, n (%) 0.360
  Bor + IMIDs + DMT 88 (65%) 26 (68%) 4 (44%)
  Bor + Cyc + DMT 45 (33%) 12 (32) 5 (56%)
  Dara containing 3 (2%) 0 0
Conditioning regimen, n (%) 0.373
  Melphalan 200 mg/m2 116 (85%) 31 (82%) 9 (100%)
  Melphalan 140 mg/m2 20 (15%) 7 (18%) 0
aHSCT single/tandem, n (%) 105 (77%)/31 (23%) 24 (63%)/14 (37%) 5 (56%)/4 (44%) 0.007
Maintenance, n (%) 0.532
  Bor 12 (9%) 3 (8%) 2 (22%)
  Len 53 (39%) 20 (53%) 2 (22%)

adel(17p) n = 13 (9.6%); t(4;14) n = 9 (6.6%); t(14;16) n = 3 (2.2%); t(14;20) n=1 (0.7%). High-risk cytogenetic group: del(17p), t(4;14), t(14;16), 
t(14;20). Bor: bortezomib, IMIDs: immunomodulatory drugs, DMT: dexamethasone, aHSCT: autologous hematopoietic stem cell transplantation, 
Len: lenalidomide, Dara: daratumumab, Cyc: cyclophosphamide; ISS: international staging system; IgG: immunoglobulin G; IgA: immunoglobulin A.
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Figure 1. (a) Overall survival (OS) and (b) overall survival from time of stem cell transplantation (aHSCT-OS) (based on Kaplan-
Meier estimates). Gain(1q): isolated gain(1q) three copies of 1q; Amp(1q): isolated amp(1q) > 3 copies of 1q; High risk: del(17p), 
t(4;14), t(14;16), t(14;20); Other cytogenetics: all cytogenetic changes without gain(1q) or amp(1q) or high risk.
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with high-risk disease. The impact of novel agents on outcomes 
of patients with 1q+ is more conflicting. Recent data show worse 
PFS and OS [6-8]. The largest retrospective study from the Mayo 
Clinic confirmed a decreased PFS and OS regardless of 1q cop-
ies number [8]. On the contrary, in studies by Schmidt [6] and 
D’Agostino [7] using either bortezomib, lenalidomide and dexa-
methasone (VRd) or carfilzomib, lenalidomide and dexametha-
sone (KRd) induction, there was a clear tendency for worse PFS 
in patients with amp(1q) compared to gain(1q), and in the study 
by D’Agostino only amp(1q) was statistically significant for 
OS [7]. In subgroup analysis, treatment with KRd and aHSCT 
completely abrogated the negative impact of gain(1q) but not 
amp(1q). Whether the use of induction treatments with daratu-
mumab containing quadruplets or second-generation PI, or the 
use of novel treatments including bispecific antibodies, and chi-
meric antigen receptor (CAR) T-cells in relapse, improves OS in 
these poor risk patient population, remains elusive.

Our study has limitations due to its retrospective nature and 
small patient numbers in subgroups limiting statistical power. 
Potential treatment and follow-up bias in patients with proven 
high-risk cytogenetics could potentially lead to better outcomes 
in these patients compared to patients with isolated gain(1q) and 
amp(1q). On the contrary, OS is not prone to bias compared to 
PFS, and the large OS difference cannot be solely explained by 

an imbalance in induction therapy, as OS benefit is difficult to 
achieve in clinical trials in patients with NDMM and only af-
ter prolonged follow-up. Due to the retrospective approach and 
failure to stick to certain timepoints for response assessment in 
real world patients, we were unable to satisfactorily analyze dif-
ferences in response between subgroups. Of note, the main ob-
jective of our study was to analyze survival, which is the most 
important parameter in patients, and cannot be distorted by cli-
nician bias. Due to small patient numbers, we were not able to 
show a difference in OS for patients with amp(1q) regarding tan-
dem transplantation vs. single transplant or maintenance therapy.

Despite the limitations mentioned, our study clearly dem-
onstrated that amp(1q) is a clinically and statistically signifi-
cant marker of poor prognosis. The emerging negative prog-
nostic significance of amp(1q) requires a clear distinction 
from gain(1q). Furthermore, randomized trials that include 
novel agents often do not report 1q+ and do not distinguish be-
tween gain(1q) and amp(1q), so data for best treatment options 
are lacking. Available data show an unsatisfactory response 
to combinations based on PI and IMIDs even with aHSCT, 
and studies incorporating novel treatment approaches in this 
population might change the poor outcome of patients with 
amp(1q). Future randomized clinical trials selectively includ-
ing patients with 1q+ and especially amp(1q) to establish the 

Figure 2. Multivariable subgroup analysis using Cox proportional-hazards model for overall survival (HR, 95% CI, and P value). 
Gain(1q): three copies of 1q; Amp(1q): > 3 copies of 1q; High risk: del(17p), t(4;14), t(14;16), t(14;20); Bor + IMID + DMT: bort-
ezomib, immunomodulatory drug, dexamethasone; Bor + Cyc + DMT: bortezomib, cyclophosphamide, dexamethasone; HR: 
hazard ratio; CI: confidence interval.
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best combination treatment are needed.
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