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Abstract: Improved therapies in multiple myeloma (MM) have forced a constant risk stratification update, first Durie-
Salmon, then international scoring systems (ISS), next revised-ISS (RISS) including high-risk cytogenetic abnor-
malities (HRCAs) such as del(17p) and t(4;14), and now R2-ISS including 1q21 gain has been proposed. Predictive 
value of 1q21 gain by itself or in concurrence with other cytogenetic abnormalities is evaluated in 737 real-world 
plasma cell neoplasm (PCN) patients under current therapies. Ten-year progression-free survival (10y-PFS) rates 
for patients with 2, 3 and >3 copies of 1q21 were 72.2%, 42.5% and 43.4% (P<1.1×10-17). Cox regression analysis 
confirmed that 1q21 gain was an independent prognostic factor for PFS (HR=1.804, P<0.0001, Harrell C-statistic 
=0.7779±0.01495) but not for OS (P=0.131). Gain of 1q21 was strongly associated with hypodiploidy (38.8% vs. 
7.0%, P=1.3×10-22), hyperdiploidy (44.1% vs. 16.4%, P=1.6×10-13), HRCAs (12.6% vs. 3.5%, 1.8×10-5), IGH breaks 
(12.3% vs. 2.1%, P=2.1×10-7) and del(13q) (8.0% vs. 4.0%, P=0.031). In our series, 1q21 gain by itself did not im-
prove RISS predictive capacity in patients either eligible or ineligible for autologous stem cell transplantation (ASCT). 
However, compared with patients with other 1q21 gains: concurrence with hyperdiploidy improved the prognosis 
of ASCT-eligible patients from 62.5% to 96.0% 10-year overall-survival (10y-OS, P<0.002); concurrence with hypo-
diploidy improved the prognosis of ASCT-ineligible patients from 35.7% to 71.0% (P=0.013); and concurrence with 
del(13q) worsened the prognosis of ASCT-ineligible patients from 12.5% to 53.4% (P=0.035). Gain of 1q21 should 
be patient-wisely evaluated, irrespective of the RISS, considering its concurrence with other cytogenetic abnormali-
ties and eligibility for ASCT.

Keywords: High-risk cytogenetic abnormalities, 1q21 gain, del(17p), t(4;14), plasma cell neoplasm, multiple my-
eloma, autologous stem cell transplantation, immunomodulatory and proteasome inhibitor treatments

Introduction

Novel first-line treatments in Multiple Myeloma 
(MM) combining immunomodulatory drugs 
(lenalidomide, thalidomide, or pomalidomide, 
-IMiDs-), proteasome inhibitors (bortezomib, 
carfilzomib, or ixazomib, -PIs-), monoclonal anti-
bodies such as daratumumab and tandem 

autologous stem cell transplantation (ASCT) 
have increased the rate of complete response 
(CR) and have prolonged treatment-free and 
overall survival (OS) periods [1]. This has forced 
a constant update of the risk stratification crite-
ria in these patients, from the Durie-Salmon 
staging system in 1978 [2], the international 
score system (ISS) in 2005 [3], to the revised 
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ISS (RISS) in 2015, which corrected the nega-
tive impact of high-risk cytogenetic abnormali-
ties (HRCAs) such as the deletion of the 17p 
region -del(17p)- and t(4;14)-translocation  
IGH/FGFR3-detected by fluorescent in situ 
hybridization (FISH) [4]. Nonetheless, regard-
less of the type of treatment, MM shows sub-
stantial clinical heterogeneity in presentation 
and course within the same risk group, thus 
underlining the need for meaningful markers 
that allow us to adapt the therapy not only to 
the patient’s biological and clinical conditions, 
but also to the real risk of the disease [5, 6]. For 
this reason, at the end of 2020, an update of 
the RISS (R2-ISS) was proposed [7] in order to 
correct the poor prognosis induced by chromo-
some 1 (chr1) abnormalities, specifically the 
gains of 1q21 region which increases the copy 
number of the cyclin kinase subunit 1B (CKS1B) 
gene.

Multiple myeloma (MM) is a genetically com-
plex and heterogeneous neoplasm in which the 
concurrency of multiple genomic events leads 
to tumor development and progression. Genetic 
abnormalities in MM can be categorized into 
three types: chromosomal translocations, copy-
number abnormalities (CNAs), and point muta-
tions [8]. Immunoglobulin heavy chain gene 
(IGH, 14q32) translocations involving CCND1 
(11q13), CCND3 (6p21), FGFR3/NSD2 (4p16), 
MAF (16q23) and MAFB (20q11) oncogenes 
are present in up to 50% of patients, and are 
considered key initiating events. CNAs most 
frequently occur due to gains (typically of odd 
chromosomes) and losses (most frequently 
chromosomes 13, 14, 16 and 22) of complete 
chromosomes, thus leading to hyperdiploidy in 
50 to 60% of all MM cases or hypodiploidy in 
more than 50% of cases, respectively. Mono- 
somy is more common in patients with non-
hyperdiploid MM [9]. The long arm of chromo-
some 1 is gained (3 copies) or amplified (>3 
copies) in nearly 50% of newly diagnosed MM 
patients and in up to 68% of relapsed/refrac-
tory cases. Deletion of 13q (del(13q)) is 
observed in up to 15% of cases. An intriguing 
opposite effect of monosomy 13 (favorable) 
and del(13q) (unfavorable) has been described 
in newly diagnosed MM patients treated with 
PIs and/or IMIDs [10]. Deletion of 17p13 
(del(17p)) ranges from 5 to 12% in new diag-
nosed MM patients. This deletion entails the 
loss of the TP53 gene, which is a key tumor 

suppressor gene, and as a consequence is 
associated with very bad prognosis. Finally, 
whole-genome and whole-exome sequencing 
has led to the detection of 60 mutated genes 
which are considered driver genes [11].

Cytogenetic abnormalities involving the short 
and long arms of chr1 (gains, deletions, and 
balanced or jumping translocations) are regard-
ed as major prognostic factors in MM and their 
presence is associated with unfavorable dis-
ease course, and shorter progression-free sur-
vival (PFS) and OS [12-17]. Chr1 abnormalities 
are also associated with higher frequency of 
immunoglobulin A (IgA) subtype, higher RISS 
stage, and concurrent HRCAs, especially mono-
somy 13 or del(13q) and del(17p) [13, 18, 19]. 
Clustering of such high-risk features among 
these patients may account for their unfavor-
able outcomes. Although the magnitude of the 
effects of chr1 abnormalities relative to other 
cytogenetic alterations is still uncertain, some 
results indicate that concurrent genetic ab- 
normalities such as monosomy13/del(13q), 
del(17p) or t(4;14) significantly worsen the poor 
prognosis associated with 1q21 gain in MM 
patients [14, 19, 20]. Contradictory results 
about the impact of 1q21 CNAs on patient sur-
vival have also been reported. Some studies 
reported similar PFS and OS in MM patients 
with 3 or more than 3 copies [21-23], but oth-
ers reported that PFS and OS were worse in 
patients with >3 copies of 1q21 [17, 24, 25].

Although it was suggested that chemotherapy 
regimens based on thalidomide, but not bort-
ezomib, could overcome drug resistance and 
ameliorate the negative impact of 1q21 gain 
[21], subsequent studies reported that neither 
novel agent combinations nor ASCT can miti-
gate its adverse impact [13, 15, 16, 19, 26]. 
Over-expression of CKS1B gene due to 1q21 
gains activates both MEK/ERK and JAK/STAT3 
signaling pathways and promotes myeloma cell 
survival, drug-resistance and cancer progres-
sion [27]. The combination of specific inhibitors 
of STAT3 and MEK/ERK signaling pathways 
induces significant MM cell death and growth 
inhibition in CKS1B-overexpressing patients, 
suggesting that the outcome of these patients 
could improve if these drugs were implemented 
in the clinical practice. In the same line, it has 
been shown that NEDD8 inhibition overcomes 
both the toxicity associated with global protea-
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somal inhibition and CKS1B-induced drug 
resistance, which provides a rationale for tar-
geting the NEDD8 pathway in MM patients with 
1q21 gain [28]. Besides, 1q21 gain promotes 
tolerance of genomic instability and drives 
resistance to DNA-damaging agents by induc-
ing overexpression of the transcription factor 
interleukin enhancer binding factor 2 (ILF2). 
Optimizing the use of DNA-damaging agents in 
these MM patients could also contribute to 
improving their outcome [29].

Until these novel treatments can offer better 
opportunities to MM patients who overexpress 
CKS1B, it is necessary, on the one hand, to 
ascertain if regimens using novel agents can 
mitigate the adverse impact of Chr1 abnormali-
ties, and on the other hand, to take into account 
all high-risk cytogenetic alterations [7, 30], in 
order to optimize risk stratification and treat-
ment assignment for each patient. This study 
evaluated different controversial aspects 
regarding the impact of 1q21 gains on patient 
outcome on a large series of unselected real-
world plasma cell neoplasm (PCN) patients. 
The predictive value of 1q21 gain was assessed 
in the outcome of asymptomatic and symptom-
atic PCNs. The copy number of 1q21 and its 
concurrence with other cytogenetic alterations 
were analyzed for current treatments, including 
IMiDs, PIs and ASCT, and confirmed in an inde-
pendent series. Finally, the contribution that 
1q21 gain can make to the RISS in MM under 
modern therapies was analyzed.

Materials and methods

Patients and samples

EDTA anti-coagulated bone marrow (BM) sam-
ples were obtained at diagnosis from 737 con-
secutive patients with PCNs in regular clinical 
practice from 7 hospitals in the Region of 
Murcia, Spain, as described previously [5, 6]. 
BM samples were also obtained for minimal 
residual disease (MRD) assessment 3 and 6 
months after ASCT, and under the suspicion  
of loss of CR [5, 6]. Patients were enrolled 
between 2010 and 2017 and followed-up until 
March 2021. This study was approved by the 
Research Ethics Committee, Institutional Re- 
view Board (IRB-00005712). Written informed 
consent was obtained from all patients 
accordingly.

Following the international myeloma working 
group (IMWG) criteria [31], patients were classi-
fied in 352 monoclonal gammopathy of unde-
termined significance (MGUS), 64 smoldering 
multiple myeloma (SSM), and 321 MM. Mean 
follow-up for each stage were 55.2±27.3, 
64.9±33.7 and 48.1±33.5, respectively. St- 
andard risk stratification (sRisk) in MGUS (0 vs. 
1-2 vs. 3 risk factors) [32], SMM (0 vs. 1 vs. >1 
risk factors) [33] and MM (RISS-I vs. RISS-II vs. 
RISS-III) [31] was applied following updated cri-
teria and patients were classified as low, inter-
mediate, and high risk. In MGUS, disease pro-
gression was computed when it progressed to 
SMM or MM; in SMM, progression was comput-
ed when it progressed to symptomatic MM [5, 
6]. MGUS and SMM patients progressing to 
symptomatic MM were treated as MM patients 
[5, 6]. In MM, progression, CR and relapse were 
estimated following the Uniform Response 
Criteria for Multiple Myeloma of the IMWG [34, 
35]. Treatments and management were at the 
discretion of the hematologists based on 
patient condition and tumor risk. Briefly, con-
ventional first-line therapy for patients who 
were not eligible for ASCT included bortezomib, 
melphalan and prednisone (VMP), bortezomib 
and dexamethasone (Vd) or more recently 
lenalidomide and dexamethasone (Rd). In 
ASCT-eligible patients, first-line therapy includ-
ed bortezomib, cyclophosphamide and dexa-
methasone (VCD) or bortezomib, doxorubicin 
and dexamethasone (PAD) or more recently 
bortezomib, thalidomide and low-dose dexa-
methasone (VTd) or bortezomib, lenalidomide 
and low-dose dexamethasone (VRd), and ASCT 
conditioning with melphalan 200 mg/m2 (dose 
ranging from 200 to 100-140 mg/m2 if renal 
impairment) [5, 6]. 

A confirmatory series of 43 MM patients under 
VTd and ASCT regimen was included from the 
Group of Myeloma Studies of the Valencian 
Community (GREMI).

Immunophenotyping and minimal residual dis-
ease (MRD) monitoring

Immunophenotype of bone marrow plasma 
cells (BMPC) and MRD analyses were per-
formed in a minimum of 2×106 white cells,  
with FACSCanto-II and DIVA-Software (Becton 
Dickinson; BD; San Jose, CA, USA) following 
consensus criteria [36-38], previously validat-
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ed [5, 6, 39] and described in more detail in 
Supplementary Figure 1. Briefly, total PCs were 
identified as CD38+++CD138+/++ events and 
aberrant PC as CD45low/negative and/or CD19low/

negative and/or CD20+ and/or CD27low/negative and/
or CD56+ and/or monoclonal restriction for the 
heavy and/or light immunoglobulin chains [5, 
6]. 

Fluorescent in situ hybridization (FISH)

Cytogenetic abnormalities were evaluated in 
interphase nucleus from BMPCs purified using 
RosetteSep® Human Multiple-Myeloma-Cell 
Enrichment Cocktail (Stemcell Technologies, 
Grenoble, France) and previously validated 
methods [5, 6]. The following FISH probes from 
Metasystems (Altlussheim, Germany) were 
used to evaluate the different abnormalities: 
translocations of the IGH region with break-
apart IGH probe (cut-off: 3%) and with dual 
fusion probes to determine the most common 
IGH partners CCND1 (cut-off: 2%), FGFR3 (cut-
off: 2%), MAF (cut-off: 2%) and MAFB (cut-off: 
2%); copy number of chromosomes 5, 9 and 15 
with 5p15/9q22/15q22 hyperdiploidy probes 
(cut-off: 10%); amplification/deletion of 17p13 
(TP53) and 17q22 (LPO/MPO) with locus-spe-
cific probes (cut-off: 10%); amplification/dele-
tion of 1q21-22 (CKS1B) and 1p32.3 (CDKN2C) 
with locus specific probes (cut-off: 10%), and 
monosomy-13/deletion 13q14.2 (DLEU1) and 
13q34 (LAMP1) with locus specific probes (cut-
off: 10%). 

For each probe 300 plasma cells were ana-
lyzed with Metafer (Metasystems). Gain of 
1q21 was defined when there were >2 CKS1B 
signals: 3 signals (3 copies, duplication) or >3 
signals (>3 copies, amplification). Deletion of 
13q was defined as one DLEU1 signal and two 
LAMP1 signals, and monosomy-13 as one sig-
nal of each gene [10]. Hyperdiploidy was 
defined with more than 3 signals of chromo-
somes 4, 5, 9, 11, 14, 13, 15, 16, 17 and/or 
20. Hypodiploidy was defined with one signal of 
chromosome 1, 4, 5, 9, 11, 14, 13, 15, 16 and/
or 20. One TP53 signal (either for deletion of 
17p13 or monosomy-17) was computed as 
del(17p).

Statistical analysis

Statistical analyses were performed using the 
SPSS version 15.0 (SPSS Inc, Chicago, IL) and 

following previously described methods [5, 6]. 
Analysis of variance (ANOVA) and least signifi-
cant difference (LSD) post hoc tests were used 
to analyze continuous variables. Progression-
free survival (PFS) was estimated as months 
from the diagnosis date to disease progression 
or death. Survival curves were plotted accord-
ing to the Kaplan-Meier method. The log-rank 
test was used to estimate significant differenc-
es. Multivariate analyses of prognostic factors 
for PFS and OS were performed using the Cox 
proportional hazards model (stepwise regres-
sion). Hazard ratio (HR) and 95% confidence 
interval were estimated. Harrell C-statistic was 
obtained using STATA-14 (Somersd package). 
P<0.05 was considered statistically significant.

Results

Patient characteristics

Table 1 summarizes the biological and clinical 
characteristics as well as treatments of symp-
tomatic patients. MGUS, SMM and MM patients 
showed ten-year PFS rates (10y-PFS) of 86.4%, 
50.0% and 40.6% (P=2.2×10-29) and 10y-OS 
rates of 90.8%, 75.0% and 54.5% (P=1.2×10-

21), respectively (Supplementary Figure 2A). 
According to the standard risk stratification, 
low, intermediate and high risk MGUS patients 
showed 10y-PFS of 94.4%, 77.9% and 63.6% 
(P=5.1×10-6) and 10y-OS rates of 96.3%, 85.5% 
and 72.7% (P=1.3×10-4); SMM patients showed 
10y-PFS rates of 58.3%, 50.0% and 20.0% 
(P=0.05) and 10y-OS of 87.5%, 75.0% and 
40.0% (P=0.01); and MM patients showed  
10y-PFS rates of 55.9%, 39.0% and 15.6% 
(P=2.8×10-8) and 10y-OS rates of 83.8%, 
50.0% and 18.7% (P=6.0×10-17) (Supplemen- 
tary Figure 2B). A total of 369 patients required 
treatment, including MM patients as well as 
MGUS and SMM that progressed to symptom-
atic MM, 238 ASCT-ineligible and 131 ASCT-
eligible patients, 58 treated with PAD or VCD, 
and 73 with VTd or VRd.

Duplication and amplification of 1q21 showed 
similar adverse impact

First, we assessed the type (Figure 1A) and fre-
quency (Figure 1B) of chr1 abnormalities in 
PCN stages. No abnormalities (2 copies), dupli-
cation (3 copies), amplification (more than 3 
copies) of 1q21, and deletion of 1p32 (without 
1q21 gain) were observed in 90.9%, 3.7%, 
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Table 1. Baseline characteristics of patients at the time of diagnosis
MGUS

(n=352)
SMM

(n=64)
MM

(n=321)
Demographic, biochemical and immunological characteristics
    Age, years, Mean ± SD 67.9±12.2 68.5±12.1 68.6±11.8
    Female, n (%) 165 (46.9%) 40 (62.5%) 151 (47.0%)
    Hemoglobin, g/dL, Mean ± SEM 14.3±5.7 12.9±2.51 10.8±1.7***

    Serum calcium, g/dL, Mean ± SEM 9.44±0.04 9.47±0.11 9.71±0.09**

    Serum creatinine, mg/dL, Mean ± SEM 1.19±0.07 1.14±0.07 1.74±0.13*

    Serum albumin <3.5 g/dL, n (%) 34 (9.65%) 8 (12.5%) 103 (32.1%)***

    Serum b2-microglobulin ≥3.5 mg/dL, n (%) 103 (29.3%) 20 (31.25%) 190 (59.1%)***

    LDH ≥ upper limit of normal, n (%) 59 (16.8%) 10 (15.6%) 75 (23.4%)
    Serum M-protein, g/dL, Mean ± SEM 1.05±0.08 1.69±0.13* 2.83±0.21***

    Bence Jones protein, n (%) 116 (32.9%) 33 (51.5%)* 202 (62.9%)***

    Free light chain ratio >20, n (%) 119 (33.8%) 35 (54.7%)** 212 (66.0%)***

    IgG gammopathy, n (%) 248 (70.4%) 36 (56.2%)* 156 (48.6%)***

    Immunoparesis, n (%) 121 (34.4%) 38 (59.3%)** 263 (91.9%)***

Bone marrow plasma cell (BMPC) counts
    Total BMPC histology, % (Mean ± SEM) 4.72±0.16 16.86±1.5*** 34.52±1.6***

    Total BMPC flow cytometry, % (Mean ± SEM) 1.09±0.09 3.55±0.54 13.11±1.5***

Fluorescent in situ hybridization (FISH) on purified BMPCs
    del(17p), n (%) 3 (0.85%) 3 (4.7%)* 23 (7.2%)***

    1q21 gain, n (%) 32 (9.1%) 14 (21.9%)** 142 (44.2%)***

    t(4;14), n (%) 1 (0.28%) 2 (3.1%) 13 (4.05%)***

    t(14;16), n (%) 1 (0.28%) 0 (0.0%) 7 (2.2%)*

    t(11;14), n (%) 5 (1.4%) 2 (3.1%) 26 (8.1%)***

    Other IGH breaks 8 (2.3%) 1 (1.56%) 25 (10.2%)***

    del(13q), n (%) 8 (2.3%) 3 (4.7%) 26 (8.1%)***

    Monosomy 13 7 (2.0%) 5 (7.8%)* 74 (23.1%)***

    Hypodiploidy, n (%)1 11 (3.13%) 6 (9.4%)* 94 (29.3%)***

    Hyperdiploidy, n (%)2 29 (8.2%) 13 (20.3%)** 127 (39.6%)***

Clinical characteristics
    Osteolytic lesions, n (%) 9 (2.5%) 4 (6.25%) 160 (49.8%)***

    Renal insufficiency, n (%) 93 (26.4%) 15 (23.4%) 106 (33.0%)*

    Additional cardio-respiratory diseases, n (%) 89 (25.2%) 16 (25.0%) 87 (27.1%)
    Additional endocrine diseases, n (%) 79 (22.4%) 17 (26.5%) 69 (21.5%)
    Additional rheumatologic diseases, n (%) 37 (10.5%) 4 (6.25%) 13 (4.0%)
    Additional oncological malignances, n (%) 25 (7.1%) 8 (12.5%) 27 (8.4%)
    Additional hematological diseases, n (%) 15 (4.3%) 5 (7.8%) 29 (9.03%)
    Risk stratification Low/Intermediate/High, n3 186/151/15 29/29/6 86/184/51
Treatments4

    No ASCT with VMP, Vd or Rd, n (%) 20 (5.6%)5 11 (17.2%)5 207 (64.5%)
    ASCT with PAD or VCD, n (%) 0 (0.0%) 3 (4.6%)5 55 (17.1%)
    ASCT with VTd or VRd, n (%) 2 (0.6%)5 12 (18.7%)5 59 (18.4%)
1Hypodiploidy: one chromosome 1, 4, 5, 9, 11, 14, 13, 15, 16 and/or 20. 2Hyperdiploidy: more than two chromosomes for 4, 
5, 9, 11, 14, 13, 15, 16, 17 and/or 20. 3Risk stratification following standardized criteria for MGUS and SMM (score-0= low, 
1= intermediate, and 2= high) [32, 33] and MM (RISS-I= low, II= intermediate and III= high) [31]. 4ASCT: autologous stem cell 
transplantation; A: doxorubicin; C: cyclophosphamide; d: low-dose dexamethasone; M: melphalan, P: prednisone; V: bortezo-
mib; R: lenalidomide; T: thalidomide. 5MGUS and SMM patients who progressed to symptomatic PCNs and required treatment 
after first diagnosis. *P<0.05; **P<0.01 and ***P<0.001 MGUS vs. SMM or MGUS vs. MM (ANOVA and LSD tests or Chi square 
test).
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Figure 1. Predictive value of chromosome 1 abnormalities in asymptomatic and symptomatic PCNs. (A) Representa-
tive FISH images (left to right) of patients with normal status for 1q21-22 (CKS1B) and 1p32.3 (CDKN2C) regions (2 
signals each), duplication of 1q21-22 (3 copies of CKS1B), amplification of 1q21-22 (>3 copies of CKS1B) and iso-
lated deletion of 1p32.3 (1 copy of CDKN2C). Updated International System for Human Cytogenomic Nomenclature 
(ISCN) is indicated for each FISH image. (B) Frequency and number of patients with chromosome-1 abnormalities: 
no abnormalities -1q21 (2)-, duplication of 1q21 -1q21 (3)-, amplification of 1q21 -1q21 (>3)-, and deletion of 1p32 
-del(1p)-. (C) Kaplan-Meier for progression-free survival (PFS) and overall survival (OS) according to chromosome-1 
abnormalities in total PCN patients. P values in the Log-rank test for total patients or patients with 3 or >3 copies 
of 1q21 are shown. (D) Kaplan-Meier test for PFS and OS according to the concurrence of 1q21 gain and HRCAs 
-del(17p) and t(4;14)-. P values in the Log-rank test for total patients (black) or patients with 1q21 gain vs. 1q21 & 
HRCAs (violet) are shown. (E) Kaplan-Meier test for PFS and OS according to the type of PCN, the gain of 1q21 and 
the presence of HRCAs. P values in the Log-rank test for total patients (black) or patients with vs. without 1q21 gain 
(blue) are shown. Ten-year PFS and OS rates are shown for each group in (B-D).

5.4% and 4.4% of MGUS patients, in 78.1%, 
12.5%, 9.4% and 1.6% of SMM patients, and in 
54.5%, 24.6%, 20.0% and 1.4% of MM patients, 
respectively.

For patients without chr1 abnormalities, with 
1q21 duplication, 1q21 amplification or del(1p), 

10y-PFS rates were 72.2%, 42.5%, 43.4% and 
45.0% (P=1.1×10-17) and 10y-OS rates were 
79.8%, 57.5%, 65.7% and 80.0% (P=4.2×10-8). 
No significant differences were found between 
patients with duplication or amplification of 
1q21 in 10y-PFS (P=0.209) or 10y-OS (P= 
0.961) rates. Patients with del(1p) alone (with-
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out 1q21 gain) showed similar 10y-OS rate to 
patients without chr1 abnormalities (80.0% vs. 
79.8%) (Figure 1C).

Next we analyzed the impact of the concur-
rence of HRCAs and 1q21 gain (“double-hit”) on 
the outcome of total patients. Patients with 
HRCAs alone or in concurrence with 1q21 gain 
showed comparable 10y-PFS (20% vs. 29.2%, 
P=0.583) and OS (30.0% vs. 37.5%, P=0.837) 
rates (Figure 1D).

Finally, we evaluated the impact of 1q21 gain 
(more than 2 copies) in the outcome of PCN 
stages (Figure 1E). Patients without either 
HRCAs or 1q21 gain, compared with those with 
1q21 gain or HRCAs, showed 10y-PFS rates of 
88.6%, 67.7% and 25.0% (P=1.7×10-5) for 
MGUS; 63.8%, 25.0% and 0.0% (P=1.6×10-4) 
for SMM; and 51.5%, 41.3% and 28.6% 
(P=2.9×10-4) for MM patients. Therefore both 
1q21 gain and HRCAs negatively impacted the 
PFS rates of the three PCN stages. However, in 
a similar study evaluating OS, only HRCAs 
showed an adverse effect in the three PCN 
stages, with 10y-OS rates for patients without 
either HRCAs or 1q21 gain, compared with 
those with 1q21 gain or HRCAs, of 91.8%, 
90.3% and 75.0% (P=0.69) for MGUS; 91.7%, 
80.9% and 20.0% (P=2.9×10-4) for SMM; and 
64.2%, 59.5% and 31.4% (P=1.0×10-5) for MM 
patients. MM patients with 1q21 gain, but not 
MGUS or SMM patients, showed significantly 
lower 10y-OS rate than patients without these 
chr1 abnormalities (59.5% vs. 31.4%, P=0.025).

Association of 1q21 gain with other cytoge-
netic abnormalities

To discriminate the prognostic value of 1q21 
gain, we first evaluated its association with 
other cytogenetic abnormalities in patients 
from all PCN stages. Comparing patients with 
and without 1q21 gain, significant association 
was found with hypodiploidy (38.8% vs. 7.0%, 
P=1.3×10-22), hyperdiploidy (44.1% vs. 16.4%, 
P=1.6×10-13), IGH breaks other than t(4;14), 
t(11;14) and t(14;16) (12.3% vs. 2.1%, 
P=2.1×10-7), t(4;14) (7.1% vs. 0.6%, P=4.1×10 -

6), del(13q) (8.0% vs. 4.0%, P=0.031) and 
del(17p) (6.6% vs. 3.3%, P=0.044). No associa-
tion was found with t(11;14) or t(14;16) (Figure 
2A). Cox regression analysis including all cyto-
genetic abnormalities confirmed that 1q21 

gain (HR=1.804, P<0.0001, Harrell C-statistic 
=0.7779±0.01495) and del(17p) (HR=2.610, 
P<0.0001) were independent prognostic fac-
tors for PFS of patients from all PCN stages. 
However, del(17p) (HR=3.646, P<0.0001, Har- 
rell C-statistic =0.8191±0.0164) and t(4;14) 
(HR=1.437, P=0.038), but not 1q21 gain 
(P=0.131), were independent prognostic fac-
tors for OS (Figure 2B).

To assess the influence of concurrent chromo-
somal abnormalities with 1q21 gain on patient 
outcome, patients were hierarchically classified 
in seven groups by prioritizing less frequent 
abnormalities (which were excluded from the 
successive groups): 1st, no 1q21 gain; 2nd, 1q21 
gain alone (without other abnormalities); 3rd, 
1q21gain+HRCAs; 4th, 1q21gain+del(13q); 5th, 
1q21gain+IGHs-breaks other than t(4;14); 6th, 
1q21gain+Hypodiploidy; and 7th, 1q21gain+ 
Hyperdiploidy (Figure 2C, upper table). Patients 
with HRCAs, del(13q) and other IGH breaks in 
concurrence with 1q21 gain, compared with 
the other groups, showed higher numbers of 
BMPC in the immunophenotype study (21.6%± 
4.1, 16.5%±4.7 and 16.9%±2.7 vs. 8.35%±1.4, 
P=2.7×10-6), lower rates of stringent CR (sCR) 
with negative MRD (46.2%, 28.6% and 46.2% 
vs. 59.5%, P=0.055), higher relapse rates 
(80.0%, 100% and 87.5% vs. 42.7%, P=0.014), 
and lower 10y-PFS (33.3%, 6.1% and 25.0% vs. 
51.2%, P=0.008) and 10y-OS (51.9%, 36.4% 
and 32.5% vs. 67.25%, P=0.004) rates. It 
should be noted that patients with 1q21 gain 
associated with hypodiploidy reached 100% 
negative MRD and showed the lowest rate of 
relapse (20%).

The Kapplan-Meier analysis for OS showed that 
no-1q21 gain, 1q21 gain alone, or 1q21 gain 
with hypodiploidy or hyperdiploidy had similar 
10y-OS curves, but this curves were lower in 
patients with 1q21 gain concurrent with HRCAs, 
del(13q) and other IGH breaks (Figure 2C, lower 
graph).

Predictive value of 1q21 gain depends on first-
line therapy 

Next, we explored the impact of 1q21 gain, 
compared to HRCAs, on ASCT ineligible and eli-
gible patients by evaluating the depth of 
response (sCR), the relapse of the disease after 
sCR, and the PFS and OS of patients (Figure 3). 
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Higher rates of sCR were achieved in ASCT-
eligible patients treated with PAD/VCD or VTd/
VRd than in ASCT-ineligible patients, whether 
with HRCAs (75.0%, 50.0% and 28.6%), 1q21 
gain (57.9%, 77.8% and 37.5%) or without these 
abnormalities (68.8%, 68.2% and 33.3%). In 
patients with HRCAs, only ASCT associated 
with VTd/VRd treatment sowed a lower relapse 
rate (50%) than the other 2 treatments (100%). 
Increasing rates of relapse were observed for 
ASCT-eligible patients treated with either VTd/
VRd or PAD/VCD or for ASCT-ineligible patients 
whether with 1q21 gain (42.9%, 55.6% and 
73.3%, respectively) or without this cytogenetic 
abnormality (24.0%, 52.6% and 66.7%, respec-
tively) (Figure 3A).

Depending on the treatment but regardless of 
the cytogenetic alterations, 10y-PFS of ASCT-
ineligible or ASCT-eligible patients treated with 
PAD/VCD or VTd/VRd were 32.4%, 38.5% and 
63.6% (P=9.1×10-5) and 10y-OS were 46.0%, 
67.7% and 87.2% (P=4.7×10-10) (Figure 3B). 

For ASCT-ineligible patients, 10y-PFS of pa- 
tients with HRCAs, 1q21 gain or neither HRCAs 
nor 1q21 gain (Rest) were 16.7%, 30.9% and 
38.0% (P=0.01; P=0.014 between 1q21 gain 
and Rest) and 10y-OS were 25.0%, 37.0% and 
48.8% (P=0.013, P=0.045 between 1q21 gain 
and Rest). Therefore, with these treatments, 
PFS and OS of patients with 1q21 gain were 
similar to those of patients with HRCAs (Figure 
3C).

For ASCT-eligible patients treated with PAD or 
VCD, 10y-PFS of patients with HRCAs, 1q21 
gain or Rest were 22.2%, 44.1% and 50.0% 
(P=0.113, P=0.616 between 1q21 gain and 
Rest) and 10y-OS were 33.3%, 79.4% and 
81.3% (P=0.001, P=0.929 between 1q21 gain 
and Rest). Therefore, with this treatment, PFS 
and OS of patients with 1q21 gain were similar 
to those of patients without HRCAs (Figure 3C).

For ASCT eligible patients treated with VTd or 
VRd, 10y-PFS of patients with HRCAs, 1q21 

Figure 2. Association of 1q21 gain with other cytogenetic abnormalities and their impact on patient outcome. A. As-
sociation of 1q21 gain with other cytogenetic alterations. P estimated with the chi-squared test in patients from all 
PCN stages. B. Cox regression analysis of progression-free survival (PFS) and overall survival (OS) for sex, age, type 
of PCN and cytogenetic abnormalities. C. Hierarchical classification of patients that required treatment (n=369) ac-
cording to the concurrence of chromosomal abnormalities with 1q21 gain. Upper table shows percentages of bone 
marrow plasma cells (BMPC) in the immunophenotype analysis, rate of complete response with negative minimal 
residual disease (nMRD), as well as relapse, 10y-PFS and 10y-OS rates of patient in these groups. Lower graph 
shows Kaplan-Meier and Log-rank tests for groups of patients with different cytogenetic abnormalities.
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Figure 3. Predictive value of 1q21 gain depends on first-line therapy. A. Rate of stringent complete response (sCR) 
with negative minimal residual disease (MRD) and relapse after sCR according to the eligibility for autologous stem 
cell transplantation (ASCT) and the type of first-line therapy (No-ASCT with VMP, Vd or Rd; ASCT with PAD or VCD; or 
ASCT with VTd or VRd). B. Kaplan-Meier and Log-rank tests for progression-free survival (PFS) and overall survival 
(OS) according to the type of treatment. Ten-year PFS and OS rates are shown for each group. C. Kaplan-Meier test 
for PFS and OS according to the type of first-line treatment and the presence of HRCAs -del(17p) or t(4;14)-, 1q21 
gain and the rest of patients (Rest). Ten-year PFS and OS rates are shown for each group. P values in the Log-rank 
test for total patients (black) or patients with 1q21 gain compared to the Rest of patients (blue) are shown. 

gain or Rest were 57.1%, 54.2% and 74.4% 
(P=0.05, P=0.027 between 1q21 gain and 
Rest) and 10y-OS were 57.1%, 91.7% and 
93.0% (P=0.007, P=0.749 between 1q21 gain 
and Rest). Therefore, with this treatment, PFS 
of patients with 1q21 gain was similar to that of 
patients with HRCAs, but the OS was similar to 
that of patients without HRCAs (Figure 3C).

Prognosis of 1q21 gain depends on concur-
rent cytogenetic abnormalities and first-line 
treatment

Next, we explored the differential impact of 
concurrent cytogenetic abnormalities associat-
ed with 1q21 gain on patients under different 
treatments. To avoid the negative impact of 
HRCAs, patients with HRCAs were excluded 
from these analyses (Figure 4A).

Hyperdiploidy associated with 1q21 gain 
showed no significant difference in the 10y-OS 

rate of ASCT-ineligible patients compared with 
other 1q21 gains (45.1% vs. 49.1%, P=0.412). 
However, patients with concurrent 1q21 gain 
and hyperdiploidy showed much favorable 10y-
OS rates than patients with other 1q21 gains 
for both types of treatment associated with 
ASCT, PAD/VCD (90.9% vs. 44.4%, P=0.019) 
and VTd/VRd (100% vs. 73.3%, P=0.03).

Hypodiploidy associated with 1q21 gain 
showed better 10y-OS rate for ASCT-ineligible 
patients compared with other 1q21 gains 
(71.1% vs. 35.7%, P=0.013). However, while no 
impact was observed for ASCT-eligible patients 
treated with PAD/VCD (71.4% vs. 69.2%, 
P=0.935), VTd/VRd treatment associated with 
ASCT showed lower 10y-OS rates (75.0% vs. 
100%, P=0.03) in patients with 1q21gain and 
hypodiploidy.

Del(13q) associated with 1q21 gain showed 
lower 10y-OS rate for ASCT-ineligible patients 
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Figure 4. Prognosis of 1q21 gain depends on concurrent cytogenetic abnormalities and first-line treatment. (A) Kaplan-Meier test for overall survival (OS) according 
to the type of treatment and the concurrence of 1q21 gain with hyperdiploidy, hypodiploidy, del(13q) or IGH breaks other than t(4;14). Ten-year OS rates are shown 
for each group. P values in the Log-rank test for total patients (black) or patients with 1q21 gain vs. 1q21 gain in concurrence with other abnormalities (red) are 
shown. (B) Summary of results from (A), including results for patients with HRCAs.
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compared with other 1q21 gains (10.0% vs. 
51.0%, P=0.035), but it was not significantly 
different in patients who were eligible for ASCT 
(75.0% vs. 80.0%, P=0.923). Nonetheless, this 
result should be confirmed in larger series.

IGH breaks other than t(4;14) associated with 
1q21 gain showed no significant difference in 
the 10y-OS rate of ASCT-ineligible patients 
compared with other 1q21 gains (33.3% vs. 
50.6%, P=0.927).

However, ASCT-eligible patients with these IGH 
breaks showed unfavorable 10y-OS (69.2% vs. 
83.3%, P=0.193). Nonetheless, this result 
should be confirmed in larger series.

A summary of these results is shown in Figure 
4B.

An independent confirmatory series of 43 
ASCT-eligible MM patients treated with VTd was 
included to validate the results from our series 
(see Figure 5A for details). Mean follow-up for 
this series was 48.8±10.2 months. Patients 
with HRCAs showed lower 5y-PFS compared 
with patients with 1q21 gain (0.0% vs. 60.0%, 
P=0.012) or with the rest of patients (68.4%, 

P=0.01). Excluding patients with HRCAs, those 
with 1q21 gain and hyperdiploidy showed high-
er 5y-PFS than patients with other 1q21 gains 
(100% vs. 40.0%, P=0.023) and than the rest 
of patients (66.7, P=0.019); patients with hypo-
diploidy and IGH breaks other than t(4;14) con-
current with 1q21 gain showed lower 5y-PFS 
(33.3% and 50.0%, respectively) than patients 
with other 1q21 gains (66.7% and 63.6%, 
respectively) or the rest of patients (68.4%), but 
these results did not reach statistical signifi-
cance (Figure 5B).

Contribution of 1q21 gain to current RISS 
stratification system

Given the complexity of the aforementioned 
interactions between the concurrence of other 
cytogenetic abnormalities with 1q21 gain and 
the type of treatment, and based on the propo-
sition to modify the current RISS stratification 
system in order to include the 1q21 gain, our 
next analysis was aimed at ascertaining the 
contribution of 1q21 gain to the RISS.

Results of our series of patients clearly show 
that the inclusion of 1q21 gain in the current 
RISS stratification system does not improve its 

Figure 5. Confirmatory series. A. Table summarizing the biological and FISH characteristics as well as treatment of 
MM patients in the confirmatory series. B. Kaplan-Meier test for progression-free survival (PFS) for patients with 
HRCAs, 1q21 gain or other patients (Rest), as well as according to the concurrence of 1q21 gain with hyperdiploidy, 
hypodiploidy and IGH breaks other than t(4;14) and excluding patients with HRCAs. Five-year PFS rates are shown 
for each group. P values in the Log-rank test for total patients (black) or patients with 1q21 gain vs. 1q21 gain in 
concurrence with other abnormalities (red) are shown.
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predictive capacity either for ASCT-eligible or 
for ineligible patients (see Figure 6A, 6B for 
details). Cox regression analysis showed that 
1q21 gain by itself was not an independent 
prognostic factor for PFS (P=0.400) or OS 
(P=0.207) that could complement the inde- 
pendent prognostic capacity of the RISS 
(HR=2.469, P=0.001 for PFS and HR=2.717, 
P=0.001 for OS) (Figure 6C).

Discussion 

Improvement in MM patients’ outcome has 
been and should be sustained in personalized 
therapies adapted to the risk of the disease 
and the biological condition of patients. 
However, due to underlying molecular varia-
tions of myelomatous cells, the clinical course 
of the disease is very heterogeneous, with 
patients experiencing long remission periods, 
or functional cures, and others relapsing or 
becoming refractory to therapy. Molecular 
abnormalities driving these differences should 
be incorporated into clinical care to further 

progress towards this objective. Incorporation 
of HRCAs, del(17p) and t(4;14), into the RISS 
has decisively contributed to improving risk 
stratification, but unfortunately only to moder-
ate advances in the PFS or OS of these patients, 
as it is clearly shown in our results and many 
others [40-43]. Recently, there is a claim to 
incorporate chr1 abnormalities into the RISS 
[7]. However, although the negative impact of 
1q21 gain has been widely demonstrated [12-
17], numerous questions need answering in 
this particular case. Results in this manuscript 
decisively contribute to shed some light on 
some of these issues.

First, our results clearly support that both dupli-
cation and amplification of 1q21 are indepen-
dent risk factors for the progression of the dis-
ease in MGUS, SMM and MM patients, and 
therefore, 1q21 gain analysis could be helpful 
in the clinical management of patients at all 
PCN stages. However, 1q21 gain negatively 
impacted the OS only in MM patients. There is 
controversy about the differential role of dupli-

Figure 6. Gain of 1q21 did not complement standard risk stratification (RISS) of patients that required treatment. A. 
Kaplan-Meier test for progression-free survival (PFS) and overall survival (OS) according to the RISS and 1q21 gain. 
Ten-year PFS and OS rates and P values from the Log-rank test comparing patients with or without 1q21 gain for 
each RISS stage are described in the table above. B. Kaplan-Meier test for OS according to RISS and 1q21 gain in 
ASCT ineligible or eligible patients. C. Cox regression analysis of PFS and OS for RISS and 1q21 gain.
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cation/amplification of 1q21 gain [17, 21-25] 
and about the “double hit” effect of 1q21 gain 
in concurrence with HRCAs [19, 20]. Results 
from our series show that a similar negative 
impact on patient outcome was associated 
with duplication and amplification of 1q21, with 
no additional unfavorable effects when associ-
ated with the HRCAs del(17p) or t(4;14). In our 
series, HRCAs showed the most unfavorable 
clinical course at all PCN stages irrespective of 
the type and intensity of treatments; therefore, 
patients with HRCAs should be candidates for 
alternative (pomalidomide plus low-dose dexa-
methasone [42, 43]) or experimental therapies 
(CAR-T cells [44]) if we want to obtain better 
results in these patients.

Likewise, there is controversy as to whether 
1q21 gain by itself or in concurrence with other 
factors is associated with such unfavorable 
prognosis [13, 18, 19]. Indeed, 1q21 gain was 
strongly associated with many other cytogenet-
ic abnormalities, as plainly shown by ours and 
others’ results [19, 20]. In fact, patients with 
1q21 gain alone, in absence of other cytoge-
netic abnormalities, showed similar outcomes 
to patients without HRCAs or 1q21 gain after 
treatment. Therefore, its association with other 
cytogenetic abnormalities is what prints a neg-
ative effect on 1q21 gain. Remarkably, not all 
cytogenetic abnormalities associated with 
1q21 gain showed similar results; therefore, 
two groups could be distinguished: abnormali-
ties that increased the risk of 1q21 gain 
(HRCAs, IGH breaks other than t(4;14) and 
del(13q)) and abnormalities that reduced its 
risk (hyperdiploidy and hypodiploidy). But it is 
more important to take into account that these 
differential results were mostly conditioned by 
the type and intensity of first-line treatment 
received by patients. 

For a better appreciation of the impact that the 
concurrence of chromosomal abnormalities 
and 1q21 gain had on patient outcome, 
patients with HRCAs were excluded from suc-
cessive analysis. Thus, while hyperdiploidy in 
concurrence with 1q21 gain did not modify 
results in ASCT-ineligible patients as described 
previously [45], it was associated with close to 
100% OS of ASCT-eligible patients treated 
either with PAD/VCD or VTd/VRd. In contrast, 
hypodiploidy in concurrence with 1q21 gain 
was associated with a favorable outcome in 

ASCT-ineligible patients, but with unfavorable 
prognosis in ASCT-eligible patients treated with 
VTd/VRd. The inverse effect of hyperdiploidy 
and hypodiploidy in patients’ outcome is sup-
ported by the inverse relationship that exists  
in the appearance of these two cytogenetic 
abnormalities [9]. Besides, del(13q) in concur-
rence with 1q21 gain was associated with a 
worst outcome in ASCT-ineligible patients, but 
had no impact on ASCT-eligible ones. Finally, 
IGH breaks, excluding t(4;14), in concurrence 
with 1q21 gain had no impact on ASCT-ineligible 
patients, but increased the risk in ASCT-eligible 
patients; however, the latter result should be 
confirmed in new and larger series. Although 
most of these results were validated in an inde-
pendent confirmatory series, they should be 
definitely validated in larger series.

Not many studies in the literature have ana-
lyzed the impact of the concurrence of other 
cytogenetic abnormalities with 1q21 gain, and 
in general they did not evaluate their impact 
depending on specific treatments, so their 
results were mainly influenced by dominant 
treatments, which in general did not include 
ASCT. Two consecutive studies with 104 and 
411 MM patients mostly treated with front-line 
thalidomide (CTD/VMP, with ASCT in one third 
of patients) described that del(17p) and 
del(13q) worsen the poor prognosis associated 
with 1q21 [14, 19]. Results describing that 
del(13q) increases the risk of 1q21 gain are in 
line with the lower OS observed in patients 
from our series who were ineligible for ASCT 
and had this genotype. The inverse impact of 
monosomy 13 (unfavorable) and del(13q) 
(favorable) on OS was described in a series of 
1181 MM patients receiving IMIDs and PIs, but 
not ASCT [10]. However, when these alterations 
appeared in concurrence with 1q21 gain in 
ASCT-ineligible patients, this effect seemed to 
be reversed, with hypodiploidy (77.7% due to 
monosomy 13) improving and del(13q) worsen-
ing the outcome of patients with 1q21 gain. As 
mentioned before, the latter was in concor-
dance with previous results [19]. 

There is also controversy as to whether the new 
treatments are able to counteract the adverse 
effect of 1q21 gain [13, 15, 16, 19, 21, 26]. In 
view of our results, the answer is not dichoto-
mous, since treatments including ASCT com-
pletely counteracted or even improved the neg-
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ative effect of 1q21 gain in patients with con-
current hyperdiploidy or del(13q), but not in 
patients with concurrent HRCAs or hypodiploi-
dy. In contrast, if ASCT is not an option, treat-
ments will only be able to counteract the nega-
tive impact of 1q21 gain when in concurrence 
with hypodiploidy.

With these results in mind, our final objective 
was to assess the convenience of modifying 
the current risk stratification system (RISS). In 
contrast to some claims [7], our results clearly 
show that the inclusion of 1q21 gain (by itself) 
in the current RISS does not improve its pre- 
dictive capacity at all, neither for ASCT-eligible 
nor ineligible patients.

In conclusion, 1q21 gain should be patient-
wisely evaluated, irrespective of the RISS, also 
considering its concurrence with other cytoge-
netic abnormalities and the patient’s eligibility 
for ASCT. Finally, we strongly recommend that, 
at least in patients with 1q21 gain, FISH pro- 
bes for evaluating del/monosomy 13 and copy 
number of chromosomes 5, 9 and 15 should  
be assayed for a better evaluation of their 
hyperdiploidy or hypodiploidy status.
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Supplementary Figure 1. Plasma cell (PC) immunophenotyping. Flow cytometry analysis of bone marrow samples performed with FACSCanto-II and DIVA Software 
(Becton Dickinson, San Jose, CA, BD). Photomultiplier (PMT) voltages were adjusted daily using CS&T beads (BD). Fluorescence compensations were finely adjusted 
using negative events as reference for each fluorochrome. A total of three million white cells were stained for each tube, tube-1: CD3+CD20 FITC, CD19 PE, CD38 
PerCP-Cy5.5, CD56 PE-Cy7, CD27 APC, CD45 APC-Cy7, Annexin-V V450, and CD138 BV510 (BD); and tube-2: cyIgG, cyIgA, cyIgD, or cyIgM FITC, cyLambda PE, 
CD38 PerCP-Cy5.5, CD56 PE-Cy7, cyKappa APC, CD45 APC-Cy7, CD19 BV421, and CD138 BV510 (BD). One million cells were recorded for each tube. After doublet 
discrimination (in a FSC-H/SSC-A dotplot), total PC (Blue) were identified as CD38+++CD138+/++ events. Aberrant PC (cyan) were identified as CD45low/negative, CD19low/

negative, CD20+, CD27low/negative, CD56+ and/or monoclonal restriction for the heavy and/or light immunoglobulin chains (specific gating strategy was followed for each 
patient based on their phenotype). Mature B cells (red) were identified as lymphocytes (FSC/SSClow) CD19+CD45++CD38-/+low. Immature B lymphocytes (pink) were 
defined as CD19+CD45lowCD38++. Grey cells are non-B non-PC cells.
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Supplementary Figure 2. Survival of patients according to the type of plasma cell neoplasm (PCN) and their stan-
dard risk. A. Kaplan-Meier and Log-rank tests for Progression-Free (PFS) and Overall Survival (OS) according to PCN 
stage: monoclonal gammopathy of undetermined significance (MGUS), smoldering multiple myeloma (SMM), or 
multiple myeloma (MM). Ten-year survivals are shown for each PCN type. B. Ten-year PFS and OS rates (estimated 
with Kaplan-Meier and Log-rank tests) according to the low, intermediate (mid) and high standard risk for MGUS 
[30], SMM [31] and MM [29] patients.


