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ABSTRACT
Relapsed/refractory multiple myeloma (RRMM) research on the impact of +1q abnormalities in real-world settings is limited. 
This study evaluated the prognostic and predictive significance of 1q gain [gain(1q)] and amplification [ampl(1q)] in 635 RRMM 
patients treated with daratumumab-, elotuzumab-, and carfilzomib-based triplet regimens. Patients with +1q abnormalities had 
lower deep response rates [≥ CR: 9.4% for gain(1q), 11.6% for ampl(1q)] versus 20.2% in +1q-negative patients. Multivariable 
ordinal logistic analysis showed significantly lower odds of achieving ≥ CR in patients with gain(1q) (OR = 0.49, p < 0.001) or 
ampl(1q) (OR = 0.58, p = 0.0037). Progression-free survival (PFS) was longer in +1q-negative patients (28 months) compared to 
those with gain(1q) (8 months) or ampl(1q) (7.4 months). Multivariable models identified gain(1q) (HR = 1.9, p < 0.001) and am-
pl(1q) (HR = 2.2, p < 0.001) as independent negative prognostic factors alongside del17p, t(4;14), creatinine clearance < 60 mL/
min, and ISS Stages II and III. Similarly, overall survival (OS) was reduced for patients with gain(1q) (25 months) and ampl(1q) 
(19.5 months) versus 42.2 months in +1q-negative patients. Multivariable analysis showed gain(1q) (HR = 1.6, p = 0.007) and am-
pl(1q) (HR = 2.0, p = 0.002) as independent predictors of increased mortality. Ancillary +1q abnormalities associated with high-
risk cytogenetic changes were linked to both shorter PFS and OS. Stratification into no-hit, single-hit, double-hit, and triple-hit 
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groups showed significant survival differences, emphasizing the impact of cumulative cytogenetic abnormalities on outcomes. 
In conclusion, +1q abnormalities significantly impact prognosis in RRMM and should be considered in risk stratification. The 
study emphasizes the importance of comprehensive cytogenetic profiling in real-world settings and highlights the need for per-
sonalized treatment strategies to improve patient outcomes.

1   |   Introduction

Multiple myeloma (MM) is a plasma cell malignancy char-
acterized by significant clinical and biological complexity. It 
accounts for approximately 1% of all cancers and roughly 10% 
of hematologic malignancies, predominantly affecting older 
individuals. The disease consistently arises from precursor 
states, which represent early, often asymptomatic stages of its 
evolution [1].

Relapsed and refractory multiple myeloma (RRMM) remains 
a significant therapeutic challenge in the management of the 
disease [1]. Triplet regimens incorporating newer agents such 
as proteasome inhibitor carfilzomib, the second-generation 
immunomodulating agents (IMiDs) like pomalidomide, and 
anti-CD38 monoclonal antibodies such as daratumumab have 
shown substantial efficacy [2], even in the real-world setting 
[3–8]. More recently, innovative therapies like chimeric anti-
gen receptor T (CAR-T) cell therapy and bispecific antibodies 
targeting BCMA have emerged as promising options [2, 9–11], 
particularly for patients who have exhausted conventional treat-
ments [12].

At the molecular level, MM is driven by a spectrum of genetic 
abnormalities that influence its pathogenesis, clinical presen-
tation, and prognosis [1, 13–15]. Primary cytogenetic abnor-
malities, such as translocations involving the immunoglobulin 
heavy chain (IgH) locus on chromosome 14 and trisomies of 
odd-numbered chromosomes, act as initiating events. These 
abnormalities frequently define distinct molecular subtypes of 
MM, such as t(11;14), t(4;14), or hyperdiploid MM, each with 
unique clinical and biological characteristics. As the disease 
progresses, secondary cytogenetic changes, including +1q alter-
ations [16–19], commonly emerge and are often associated with 
worse outcomes. These molecular insights have led to the redef-
inition of MM as a group of related but distinct diseases rather 
than a single entity.

Effective risk stratification is pivotal for prognostic assessment 
and tailoring therapeutic strategies in MM. The International 
Staging System (ISS) [20] and its revised version [21] integrate 
critical cytogenetic markers of high-risk disease, such as t(4;14), 
t(14;16), and del(17p). Chromosome 1q abnormalities, including 
gain(1q) and amplification [amp(1q)], are particularly prevalent 
and clinically significant [16–19], affecting approximately 40% 
of newly diagnosed MM cases and up to roughly 70% of RRMM 
cases [22]. However, the reported incidence may vary depending 
on the cutoff thresholds used to define positivity for 1q abnor-
malities, highlighting the importance of standardized criteria in 
their detection and reporting.

Chromosome 1q abnormalities are pivotal in the pathogene-
sis and progression of MM, representing a significant area of 

research [reviewed in 16–19]. Overexpression of genes on the 
1q region has been strongly associated with unfavorable out-
comes in MM, highlighting its potential role in disease pro-
gression and therapeutic resistance [23]. Genes such as CKS1B, 
PSMD4, ADAR1, and MCL1 have been implicated in MM 
progression, contributing to cell cycle disruption, proteasome 
regulation, and resistance to apoptosis. Despite these asso-
ciations, it remains uncertain whether +1q alterations act as 
primary drivers of poor prognosis or if they reflect broader ge-
nomic instability [24]. Biologically, although both the gain(1q) 
and ampl(1q) lead to overexpression of critical oncogenes, the 
resultant downstream effects seem to be more pronounced in 
ampl(1q), which is associated with clonal evolution, higher re-
lapse rates, and inferior survival outcomes. Nevertheless, clin-
ically, +1q abnormalities have been incorporated into updated 
risk stratification systems, such as the second revision of the 
ISS (R2-ISS) [25].

The prognostic relevance of +1q abnormalities has been exten-
sively studied in patients with newly diagnosed MM, within 
the context of first-line therapy, underscoring its role in influ-
encing disease outcomes ([26–32] reviewed in [33]). However, 
its clinical impact in RRMM remains less well understood 
[33, 34], where therapeutic options and disease biology differ 
significantly.

This study addresses this gap by evaluating the prognostic im-
plications of +1q abnormalities in RRMM patients undergoing 
various salvage regimens. Utilizing real-world data, it aims to 
clarify the predictive value of +1q in determining treatment re-
sponses, progression-free survival (PFS), and overall survival 
(OS). Ultimately, this study aims to enhance risk stratification 
and guide personalized therapeutic approaches for this high-
risk population, contributing to improved outcomes in MM 
management.

2   |   Methods

2.1   |   Patients

This retrospective, multicenter analysis included patients with 
RRMM treated at 51 centers across Italy. Clinical data were ex-
tracted from medical records and consolidated into a central-
ized database, capturing variables such as age, gender, diagnosis 
date, laboratory parameters, treatment history, and date of last 
follow-up or death. Data collection commenced at the time of 
inclusion and was updated with subsequent follow-up infor-
mation. Of the initial cohort of 1556 RRMM patients, 921 were 
excluded due to missing information regarding +1q abnormal-
ity. Thus, 635 patients fulfilled the study's inclusion criteria 
(Figure S1), with documented +1q chromosomal alteration sta-
tus at the initiation of salvage therapy.
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The 1q21+ abnormality is defined as a gain of 1q21 (gain[1q21], 
3 copies) and amplification of 1q21 (amp[1q21], ≥ 4 copies) in 
≥ 30% of CD138+ plasma cells analyzed for cytogenetic risk 
evaluation [35].

Patients received salvage therapy, consisting of at least one cycle 
of elotuzumab with lenalidomide and dexamethasone (Elo-Rd, 
67 patients), or elotuzumab with pomalidomide and dexameth-
asone (Elo-Pd, 131 patients), or carfilzomib with Rd (KRd, 296 
patients), or daratumumab with Rd (DaraRd, 141 patients) be-
tween January 2021 and June 2024 in routine clinical practice. 
Treatments were administered according to approved indica-
tions and prescribing guidelines.

During therapy, prophylactic antibacterial, antiviral, and an-
tithrombotic measures were routinely implemented following 
each center's policies. Treatment continued until disease pro-
gression, the onset of unacceptable toxicity, or withdrawal of 
patient consent.

Time-to-event endpoints included PFS and OS. Treatment 
responses and disease progression were assessed based on 
International Myeloma Working Group (IMWG) criteria [36, 37]. 
A treatment response was defined as achieving at least partial 
remission (PR). Refractory myeloma was defined as a disease 
unresponsive to primary or salvage therapy or progression 
within 60 days of the last treatment.

The study protocol was reviewed and approved by Institutional 
Ethics Committees, adhering to the principles of the Declaration 
of Helsinki. All patients enrolled have signed the informed 
consent.

2.2   |   Statistical Analysis

Categorical variables were analyzed using Fisher's exact test for 
two-way tables and Pearson's chi-square test for contingency ta-
bles with more than two categories.

Multivariable ordinal regression was employed to evaluate po-
tential confounders influencing the association between treat-
ment response and variables that were significant in univariable 
analysis (Pearson's chi-square or Fisher's exact test). In the ordi-
nal logistic regression analysis, the proportionality of odds was 
formally tested by the likelihood ratio test (LR test) and data 
were expressed as odds ratios (ORs), 95% confidence interval 
(CI), and p values.

Kaplan–Meier method was used to evaluate PFS and OS. PFS 
was measured from the initiation of RRMM treatment to dis-
ease progression, initiation of subsequent therapy, or last fol-
low-up, and OS was measured until death from any cause or 
last follow-up. The optimal age threshold to predict death was 
determined using a receiver operating characteristic (ROC) 
curve analysis. The Youden index was used to determine the 
optimal age cut-off that maximized the difference between 
the true positive rate (sensitivity) and the false positive rate 
(1 − specificity).

Associations between individual variables and survival out-
comes were tested using the log-rank test. Prognostic variables 
were further examined through univariable and multivariable 
Cox regression analyses, with results expressed as hazard 
ratios (HR) and 95% CIs. Statistical significance was set at 
p ≤ 0.05.

All statistical analyses were performed using STATA for 
Windows (v.9) and SPSS Statistics (v.21).

3   |   Results

3.1   |   Patient Characteristics

The baseline characteristics of the 635 RRMM patients are de-
picted in Table 1.

The median age at therapy initiation was 68 years (range 
34–89), and the cohort exhibited a balanced gender distribu-
tion, with 52.6% male and 47.4% female patients. Paraprotein 
subtype analysis showed a predominance of IgG (59.1%), fol-
lowed by IgA (21.4%), while rarer subtypes such as IgD (1.4%) 
and IgM (0.6%) were infrequent; 16.4% of patients had light 
chain-only disease. Renal function, measured as creatinine 
clearance, revealed that 38% of patients had impaired renal 
function (< 60 mL/min) at baseline. Disease staging using 
the ISS, evaluated at the salvage therapy start, indicated that 
nearly 80% of patients were in Stages I or II, while 21.4% had 
advanced-stage disease (Stage III). Chromosomal abnormali-
ties were present in most cases, with +1q abnormalities rep-
resenting the most common abnormality observed in 26.1% 
of patients [gain(1q): 16.7%, ampl(1q): 9.4%]. Other high-risk 
cytogenetic features included t(4;14) (11.7%), t(4;16) (4.3%), 
del17p (12.6%), and del1p (2.4%) with no cases of biallelic del1p 
detected. The cohort had predominantly received limited 
prior lines of therapy, with 59.4% of patients treated with one 
previous line and 23.3% with two. There were 17.3% of patients 
who had undergone three or more lines of therapy. Notably, 
42.4% had received a prior autologous stem cell transplant. In 
terms of treatment allocation, the most frequently adminis-
tered regimen was KRd (46.6%), followed by DaraRd (22.2%), 
EloPd (20.6%), and EloRd (10.6%). Regarding disease status, 
57% of patients were relapsed, while 43% were refractory.

The distribution of +1q abnormalities revealed a significantly 
higher prevalence of gain(1q) in patients with impaired renal 
function (CrCl < 60 mL/min), ISS Stage III, and co-occurring 
high-risk cytogenetic abnormalities such as t(4;14) and t(14;16), 
as well as in those who have received > 2 previous lines of ther-
apy (Table  1). Additionally, +1q negative status was more fre-
quently observed in patients who received DaraRd as the last 
therapy, while ampl(1q) was more common in patients who re-
ceived EloPd (Table 1).

The limited availability of FISH analysis for 1q abnormalities in 
only 42.1% of the cohort (635/1556 cases), although sufficiently 
large to enable a meaningful evaluation of the clinical impact 
of 1q abnormalities, could represent a limitation of this study. 
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TABLE 1    |    Baseline characteristics of 635 relapsed/refractory multiple myeloma (RRMM) patients treated with KRd, DaraRd, EloRd, or EloPd 
in a real-world setting at therapy initiation.

No. of patients (%)

All cases 
(N = 635)

+1q negative 
(N = 469) 1q gain (N = 106)

1q amplification 
(N = 60) p

Age, (years) median (range) 68 (34–89)

Gender

Male 334 (52.6) 241 (72.2) 57 (17.1) 36 (10.8) 0.43

Female 301 (47.4) 228 (75.7) 49 (16.3) 24 (8)

Paraproteins (isotype)

Immunoglobulin G 375 (59.1) 280 (74.7) 60 (16) 35 (9.3) 0.13

Immunoglobulin A 136 (21.4) 90 (66.2) 30 (22.1) 16 (11.8)

Immunoglobulin D 9 (1.4) 5 (55.6) 4 (44.4) 0 (0)

Immunoglobulin M 4 (0.6) 4 (100) 0 (0) 0 (0)

Light chain only 104 (16.4) 84 (80.8) 11 (10.6) 9 (8.7)

Non secretory 7 (1.1) 6 (85.7) 1 (14.3) 0 (0)

Creatinine clearance (mL/min)

≥ 60 394 (62) 305 (77.4) 57 (14.5) 32 (8.1) 0.034

< 60 241 (38) 164 (68) 49 (20.3) 28 (11.6)

International staging system

I 250 (39.4) 201 (80.4) 35 (14) 14 (5.6) 0.006

II 249 (39.2) 181 (72.7) 40 (16.1) 28 (11.2)

III 136 (21.4) 87 (64) 31 (22.8) 18 (13.2)

t(4;14)

Negative 561 (88.3) 423 (75.4) 86 (15.3) 52 (9.3) 0.029

Positive 74 (11.7) 46 (62.2) 20 (27) 8 (10.8)

t(14;16)

Negative 620 (95.7) 462 (74.5) 101 (16.3) 57 (9.2) 0.05

Positive 15 (4.3) 7 (46.7) 5 (33.3) 3 (20)

del1p

Negative 607 (95.6) 453 (74.6) 97 (16) 57 (9.4) 0.061

Positive 27 (4.2) 16 (59.3) 9 (33.3) 2 (7.4)

Missing 1 (0.2) 0 (0) 0 (0) 1 (100)

del17p

Negative 554 (87.2) 409 (73.8) 94 (17) 51 (9.2) 0.79

Positive 80 (12.6) 59 (73.8) 12 (15) 9 (11.3)

Missing 1 (0.2) 1 (100) 0 (0) 0 (0)

Previous lines of therapy

1 377 (59.4) 298 (79) 52 (13.8) 27 (7 0.2) 0.006

2 148 (23.3) 102 (68.9) 28 (18.9) 18 (12.2)

(Continues)
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To minimize the potential for selection bias and strengthen the 
robustness and generalizability of our findings, the baseline 
characteristics of patients with and without available +1q data 
were compared (Table S4). This analysis showed no significant 
differences between the two groups, underscoring the represen-
tativeness of the subgroup with available +1q abnormality anal-
ysis for the overall cohort.

3.2   |   Response Evaluation

The ORR was 78.1%, with 13 (2%) stringent complete responses 
(sCRs), 99 (15.6%) CRs, 197 (31%) very good partial responses 
(VGPRs), and 187 (29.4%) partial responses (PRs), while the re-
maining 139 (21.9%) cases were classified as minimal response, 
stable disease, and progressive disease (< PRs).

The distribution of responses, ranging from CR or better to less 
than PR, varied significantly across the variables indicated in 
Table  S4, revealing a complex relationship between clinical, 
biological, and treatment-related factors. Patients without +1q 
abnormalities achieved ≥ CR in 20.2% of cases, while those 
with gain(1q) or ampl(1q) had lower rates of deep responses 
(9.4% and 11.6%, respectively). Moreover, achieving CR or better 
was significantly associated with fewer prior lines of therapy. 
Specifically, 22.8% of patients who had received only one prior 
line of therapy achieved ≥ CR, compared to 12.1% and 7.2% for 
those with two or more lines, respectively. Similarly, cytoge-
netic abnormalities played a significant role, with patients neg-
ative for del17p achieving ≥ CR in 18% of cases compared to 
15% among those with del17p positivity. A similar trend was 
observed for t(4;14), where ≥ CR rates were 18.7% in negative 
cases versus 9.4% in positive ones. Therapeutic regimens also 
had a marked impact on response rates. Among the treatments 
analyzed, DaraRd and KRd resulted in the highest proportion 

of deep responses, with 24.8% and 23.3% achieving ≥ CR and 
37.5% and 32% VGPR, respectively, whereas EloPd showed 
markedly lower rates of ≥ CR (1.5%) and VGPR (17.5%). Disease 
stage further influenced outcomes, as 20.8% of patients with 
ISS I achieved ≥ CR, compared to 16% with ISS II and 14.7% 
with ISS III, illustrating the predictive value of disease burden 
at diagnosis. The type of monoclonal component was another 
significant factor, with patients producing IgG or IgA achieving 
lower rates of ≥ CR (15.2% and 15.4%, respectively) compared to 
those with light chains only (26.9%) or other components (30%). 
Despite these significant findings, gender, renal function, spe-
cific cytogenetic markers such as del1p and t(14;16), and age 
held no significant impact on therapy response.

The effect of 1q alteration on response was assessed using 
multivariable ordinal logistic regression analysis having 
as the dependent variable the response grouped as follows: 
3 ≥ CR; 2 = VGPR; 1 = PR; 0 = other response. The results of 
this analysis (Table S4) indicated that patients with gain(1q) 
(OR = 0.49, p < 0.001) and ampl(1q) (OR = 0.58, p = 0.037) 
had significantly lower odds of achieving ≥ CR compared to 
those who were +1q negative, independently of ISS, type of 
monoclonal component, t(4:14), last therapy, del17, and lines 
of therapy. Moreover, ISS (p = 0.013), type of monoclonal 
component (other [no IgG and no IgA] vs. IgG p = 0.021), last 
therapy (EloPD, EloRD vs. DaraRd, p < 0.001 and p = 0.020, 
respectively), del17 (p = 0.019), and lines of therapy (p < 0.001) 
showed a statistically significant independent negative impact 
on achieving ≥ CR.

3.3   |   Progression-Free Survival

After a median follow-up of 21 months (range 1–58), 308 patients 
experienced either disease progression or death (Figure  1A). 

No. of patients (%)

All cases 
(N = 635)

+1q negative 
(N = 469) 1q gain (N = 106)

1q amplification 
(N = 60) p

≥ 2 110 (17.3) 69 (62.7) 26 (23.6) 15 (13.6)

Previous autologous stem cell transplantation

No 366 (57.6) 267 (73) 63 (17.2) 36 (9.8) 0.83

Yes 269 (42.4) 202 (75.1) 43 (16) 24 (8.9)

Disease status

Relapse 310 (48.8) 216 (69.7) 60 (19.4) 34 (11) 0.36

Refractory 234 (36.9) 175 (74.8) 35 (15) 24 (10.3)

Missing 91 (14.3) 78 (85.7) 11 (12.1) 2 (2.2)

Last therapy

KRd 296 (46.6) 216 (73) 44 (14.9) 33 (12.2) 0.001

DaraRd 141 (22.2) 118 (83.7) 20 (14.2) 3 (2.1)

EloPd 131 (20.6) 83 (63.4) 30 (22.9) 18 (13.7)

EloRd 67 (10.6) 52 (77.6) 12 (17.9) 3 (4.5)

TABLE 1    |    (Continued)
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The estimated median PFS was 27.7 months (95% CI: 18.7–24.8), 
with PFS rates at 2 and 4 years of 45.2% (± 2.4 SEM) and 31.8% 
(± 3.0 SEM), respectively.

Figure  2 provides a comprehensive analysis of clinical and 
genetic factors influencing PFS. The presence of gain(1q) or 
ampl(1q) was associated with a 2.5- and 3.1-fold increased 
risk of progression, respectively. Notably, patients lacking 
+1q alterations exhibited a significantly longer median PFS 

of 28 months, compared to a median PFS of 8 months for pa-
tients with gain(1q) and 7.4 months for those with ampl(1q) 
(Figure 1B).

Other significant predictors of PFS included the EloPd treatment 
regimen, which demonstrated a 4.2-fold increased risk, and 
the genetic marker t(4;14), associated with a 2.2-fold increased 
risk. Additionally, extensive prior treatment, that is, previous 
2 (HR = 1.6) or > 2 (HR = 2.8) lines of therapy, and advanced 

FIGURE 1    |    Kaplan–Meier curve of progression-free survival of the entire cohort (A) and by the absence (+1q neg) or the presence of 1q amplifi-
cation (ampl1q) or gain (gain1q) (B).
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disease stages, such as ISS Stage III (HR = 2.6) and II (HR = 1.8), 
were significantly associated with an increased risk of progres-
sion. Age, gender, prior autologous stem cell transplantation, 
del1p, and t(14;16) were not significantly associated with PFS in 
univariable analyses.

A multivariable Cox regression model, adjusting for all signifi-
cant variables, showed that gain(1q) (HR = 1.9, 95% CI: 1.4–2.6, 
p < 0.001) and ampl(1q) (HR = 2.2, 95% CI: 1.6–3.2, p < 0.001) re-
tained independent prognostic significance. Additional factors 
that remained independently predictive of increased progres-
sion risk included del17p (HR = 1.6, 95% CI: 1.2–2.2, p < 0.001), 
t(4;14) (HR = 1.6, 95% CI: 1.1–2.2, p = 0.006), CrCl < 60 mL/min 
(HR = 1.3, 95% CI: 1.0–1.7, p = 0.018), ISS Stage II (HR = 1.9, 95% 
CI: 1.4–2.5, p < 0.001), ISS Stage III (HR = 2.7, 95% CI: 2.0–3.7, 
p < 0.001), and treatment with the EloPd regimen (HR = 1.8, 95% 
CI: 1.1–2.9, p = 0.026). In contrast, variables such as the type of 

monoclonal component, refractory disease status at therapy ini-
tiation, and the number of prior therapy lines no longer exhib-
ited significant predictive value for PFS in this model.

3.4   |   Overall Survival

During the study period, 200 patients died. The estimated median 
OS was 38.3 months (95% CI: 32.1–44.4 months). The OS rates 
at 2 and 4 years were 66.1% and 42.1%, respectively (Figure 3A). 
In univariable analysis, patients with 1q abnormalities had sig-
nificantly worse outcomes, with gain(1q) and ampl(1q) associ-
ated with a 2.2- and 2.3-fold increase in mortality, respectively 
(Figure 2B). Median survival differed markedly by genetic sub-
group, with those lacking 1q alterations achieving a median OS 
of 42.2 months, compared to 25 months in patients with gain(1q) 
and 19.5 months in those with ampl(1q) (Figure 3B). Similarly, 

FIGURE 2    |    Forest plot of Cox univariable analysis of several clinical, biological, and treatment-related factors significantly associated with 
progression-free survival (A) and overall survival (B).
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the presence of del(17p) resulted in a 2.4-fold increase in mortal-
ity, while del(1p) was linked to a 1.9-fold increase.

Therapeutic regimens also influenced OS. Among these, patients 
treated with EloPd experienced a nearly threefold increase in 
mortality compared to patients treated with DaraRd (reference 
group). Similarly, those receiving KRd showed a 60% higher risk 
of mortality compared to the cases receiving DaraRd. The num-
ber of prior lines of therapy also critically impacted OS, with 

patients who had undergone more than two prior lines showing 
a risk of death nearly tripling, while those with two prior lines 
experienced a 50% increase in mortality. Additionally, the pres-
ence of refractory disease at the initiation of therapy further con-
tributed to poorer survival outcomes (HR = 1.4). Patients with 
ISS III experienced a 2.6-fold higher risk of death compared to 
those with Stage I, while Stage II was associated with a 1.5-fold 
increase. Other clinical factors, such as age and renal function, 
further influenced OS. Older patients, specifically those with a 

FIGURE 3    |    Kaplan–Maier curve of overall survival of the entire cohort (A) and by the absence (+1q neg) or the presence of 1q amplification (am-
pl1q) or gain gain1q) (B).



24 European Journal of Haematology, 2025

cut-off value exceeding 60 years of age (Figure S2), showed a 50% 
higher mortality risk, while impaired renal function, defined as 
creatinine clearance below 60 mL/min, contributed similarly 
to poor outcomes. Notably, neither gender nor the monoclonal 
component type showed a clear association with survival, and 
the t(14;16) translocation lacked prognostic relevance in this 
cohort.

In the multivariable analysis, gain(1q) and ampl(1q) emerged 
as independent predictors of increased mortality risk, with 
HRs of 1.6 (95% CI: 1.1–2.3, p = 0.007) and 2.0 (95% CI: 
1.3–3.1, p = 0.002), respectively. Del(17p) was a strong predic-
tor of poor survival, with a 2.2-fold increased mortality risk 
(95% CI: 1.5–3.2, p < 0.001), and del(1p) conferred a 1.8-fold 
increase in mortality risk (95% CI: 1.02–3.14, p = 0.042). The 
t(4;14) translocation was associated with a 1.6-fold increased 
mortality risk (95% CI: 1.1–2.4, p = 0.022). Moreover, patients 
with more than two prior lines of therapy (HR 2.1, 95% CI: 
1.4–3.3, p < 0.001), age ≥ 60 years (HR 1.5, 95% CI: 1.1–2.0, 
p = 0.02), refractory disease at therapy initiation (HR 1.5, 95% 
CI: 1.1–2.0, p = 0.016), and Stage III by ISS (HR 2.5, 95% CI: 
1.7–3.7, p < 0.001) remained significantly associated with OS 
in the adjusted model. Conversely, ISS Stage II (p = 0.1), two 
prior lines of therapy (p = 0.056), and impaired renal function 
(CrCl < 60 mL/min) (p = 0.08), though suggestive of worse 
outcomes, did not reach statistical significance. Notably, 
treatment with either EloPd or KRd compared to DaraRd (ref-
erence group) did not demonstrate a significant association 
with OS in this analysis.

3.5   |   Impact of Concurrent Cytogenetic 
Abnormalities on Outcomes in +1q Patients

We conducted an in-depth evaluation of the prognostic signifi-
cance of +1q abnormalities, both as standalone alterations and 
in combination with other high-risk cytogenetic abnormalities, 
for PFS (Figure  S3A,B) and OS (Figure  S4A–C). Interactions 
were specifically analyzed with t(4;14) and del17p, which were 
significant in the multivariable model for PFS, and with t(4;14), 
del17p, and del1p, which were significant in the multivariable 
model for OS.

Individually, both gain(1q) and ampl(1q) were associated with 
significantly shorter PFS and OS compared to the reference 
group (“none”) in the absence of co-occurring cytogenetic ab-
normalities. This was demonstrated for t(4;14) (Figure S3A for 
PFS; Figure S4A for OS), del17p (Figure S3B for PFS; Figure S4B 
for OS), and del1p (Figure S4C for OS).

Although the limited number of cases with combined +1q and 
other cytogenetic abnormalities limited sample sizes, a clear 
trend emerged: the presence of +1q in conjunction with high-
risk abnormalities consistently correlated with worse PFS 
and OS outcomes. However, these associations were not al-
ways statistically significant, likely due to limited statistical 
power stemming from the small number of cases with these 
combinations.

Patients were further stratified into four groups based on 
the number of cytogenetic abnormalities, considering those 

significant in the multivariable analyses for PFS and OS: no-
hit (no abnormalities), single-hit (one abnormality), double-hit 
(two abnormalities), and triple-hit (three abnormalities). Median 
PFS varied significantly across these groups, with estimates of 
30.5 months (95% CI: 25.4–35.6), 11.0 months (95% CI: 8.3–13.7), 
5.0 months (95% CI: 4.5–5.5), and 4.0 months (95% CI: 2.5–7.8), 
respectively (Figure  S3C). PFS was significantly different, ob-
served between the no-hit and single-hit groups (p < 0.001) 
and between the single-hit and double-hit groups (p < 0.001). 
However, the difference in PFS between the double-hit and 
triple-hit groups was not statistically significant (p = 0.7).

Consistent with the PFS findings, OS also differed significantly 
across these groups. While the median OS was not reached 
in the no-hit group, the estimated median OS values were 
32 months (95% CI: 21.9–42.1), 13.8 months (95% CI: 3.4–24.2), 
and 6.4 months (95% CI: 4.6–8.2) for the single-hit, double-hit, 
and triple-hit groups, respectively (Figure S4D). Notably, statis-
tically significant differences were observed across all cytoge-
netic groups (p < 0.001 for no-hit versus single-hit; p = 0.026 for 
single-hit versus double-hit; and p = 0.004 for double-hit versus 
triple-hit), underscoring the impact of cumulative cytogenetic 
abnormalities on OS outcomes.

4   |   Discussion

The exploration of +1q abnormalities in MM, particularly in 
RRMM settings, remains significantly underrepresented in clin-
ical research. A recent comprehensive review of 124 screened 
clinical trials found that only 29 studies reported information on 
+1q abnormalities, and of these, only eight provided information 
on the RRMM setting [33]. Data unavailability becomes even 
more pronounced in real-world settings, where cytogenetic test-
ing for +1q abnormalities is uncommon, especially in RRMM.

The findings of this study enhance understanding of the pre-
dictive and prognostic role of +1q abnormalities, bridging the 
knowledge gap in the real-world RRMM setting. These genetic 
alterations—encompassing both gain(1q) and ampl(1q)—
emerged as critical drivers of adverse prognosis, impacting 
response quality, PFS, and OS. +1q abnormalities were iden-
tified in over a quarter of patients in whom cytogenetic data 
were available, reflecting their high prevalence in RRMM 
and their significant contribution to the disease's clinical 
heterogeneity. From a clinical perspective, the significantly 
lower rates of deep responses in gain(1q) (9.4%) and ampl(1q) 
(11.6%) groups compared to patients without these abnor-
malities (20.2%) highlight the challenge of managing these 
patients with current salvage treatment. The ordinal logistic 
regression multivariable analysis reinforces the independent 
prognostic value of +1q alterations, even when accounting for 
other critical variables such as ISS stage, t(4;14), and del17p. 
Furthermore, the varying impact of therapeutic regimens on 
+1q abnormalities warrants further investigation. Logistic 
regression analysis indicated that patients with gain(1q) or 
ampl(1q) had significantly lower odds of achieving ≥ CR re-
gardless of the approved therapy used, suggesting that the un-
derlying biology of these high-risk features limits the efficacy 
of regimens analyzed in this cohort. After adjustment in the 
logistic model, DaraRd and KRd were associated with higher 
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response rates compared to EloPd and EloRd, which showed a 
remarkable 70% and 43% reduction in odds to achieving ≥ CR 
relative to DaraRd.

Isatuximab is currently approved in combination with Pd in 
patients who have received at least two prior lines of therapies 
and in combination with Kd in patients who have received at 
least one prior line of therapy [38], based on results from the 
ICARIA-MM [39, 40] and IKEMA [41, 42] trials, respectively. A 
recent analysis investigated the outcome of patients harboring 
+1q abnormalities enrolled in ICARIA-MM and IKEMA to as-
sess the efficacy of isatuximab in this subset of patients [43]. The 
study demonstrated the efficacy of the anti-CD38 monoclonal 
antibody over the control arm in terms of OS and PFS regard-
less of the 1q copy number or the presence of other high-risk 
cytogenetic abnormalities [43]. Additionally, the Kaplan–Meier 
curves for PFS and OS in the Isa-Pd group revealed overlapping 
outcomes between patients with and without +1q abnormali-
ties, underscoring the comparable efficacy of isatuximab-based 
therapies in these cytogenetic subgroups [43]. These findings 
support the potential of isatuximab-containing regimens as a 
viable treatment option for patients harboring +1q abnormali-
ties. Notably, a recent real-world analysis of isatuximab-based 
triplet regimens reported that the presence of +1q abnormalities 
did not independently predict worse outcomes in a multivariable 
model [44].

Similarly, there is limited real-world evidence regarding the 
use of selinexor (S) [45], alone or in combination with bortezo-
mib and dexamethasone (Vd), despite the encouraging results 
reported from the Phase III BOSTON trial [46, 47]. The latter 
demonstrated that the SVd triplet regimen was associated with 
improved PFS in patients harboring amp(1q), though with bor-
derline significance (HR: 0.63, 95% CI: 0.34–1.17, p = 0.07), con-
sistent with findings observed in the overall study population. 
Recently, Ehsan et al. conducted an observational retrospective 
single-center study including RRMM patients with high-risk cy-
togenetics, including gain(1q), treated with the selinexor-based 
regimen. The analysis suggests that selinexor-based regimens 
lead to similar outcomes among RRMM patients with high-risk 
and standard-risk cytogenetics [48].

These findings suggest that both isatuximab-based regimens 
and SVd represent viable therapeutic options in real-world 
practice, especially for patients harboring +1q abnormalities. 
However, comprehensive real-world data assessing the perfor-
mance of both combinations in patient cohorts harboring +1q 
abnormalities remain limited. Further studies are necessary 
to validate the efficacy observed in clinical trials and to con-
firm the favorable outcomes in broader, unselected real-world 
populations.

The significant disparities in survival outcomes between pa-
tients with and without +1q abnormalities reinforce the piv-
otal prognostic role of +1q alterations, still underscoring the 
adverse biological and clinical implications of these genetic 
changes. Patients with +1q-negative disease demonstrated 
a median PFS of 28 months, more than triple that observed 
in those with gain(1q) (8 months) or ampl(1q) (7.4 months). 
Similarly, the median survival for patients with gain(1q) 
(25 months) and ampl(1q) (19.5 months) was significantly 

shorter than the 42.2 months observed in +1q-negative pa-
tients. This stark difference in PFS and OS was maintained 
in the multivariable models, suggesting that +1q alterations 
not only accelerate disease progression but also diminish the 
effectiveness of subsequent lines of therapy.

Notably, together with +1q alterations, independent prognos-
tic roles were played by other cytogenetic aberrations such as 
del17p and t(4;14). To explore the role of the presence of mul-
tiple genetic alterations in this study, patients were stratified 
into four groups based on the number of cytogenetic abnor-
malities, providing a quantitative approach to assessing the 
prognostic impact of these alterations. By clustering patients 
into no-hit, single-hit, double-hit, and triple-hit categories, 
the analysis demonstrates that increasing cytogenetic com-
plexity correlates with poorer outcomes in both PFS and OS. 
As expected, in the multivariable model, clustering based on 
the number of cytogenetic abnormalities preserved both pre-
dictive (p < 0.001 for PFS) and prognostic (p < 0.001 for OS) 
significance (data not shown). While effective in identifying 
trends related to increasing genetic burden, this approach may 
overlook the impact of specific alterations. By focusing on the 
number of abnormalities rather than their type or combina-
tion, it may miss critical insights into how distinct genetic al-
terations influence prognosis. Nonetheless, clustering based 
on the number of abnormalities remains a valuable tool for 
assessing overall risk.

It is noteworthy that the t(14;16) translocation did not emerge 
as a significant factor in any of the outcome evaluations in this 
study. This finding contrasts with the R-ISS [21], where t(14;16) 
is included as a high-risk cytogenetic abnormality but aligns 
with the R2-ISS [25], which excludes t(14;16) as an independent 
prognostic marker. A possible explanation for this observation 
is the incorporation of +1q alterations into the analysis, a vari-
able that likely supersedes the prognostic role of t(14;16), as ob-
served in the R2-ISS [25]. These results suggest that, similar to 
NDMM, the t(14;16) translocation does not add prognostic value 
in RRMM. This highlights the limited clinical utility of t(14;16) 
as a standalone marker in the context of modern risk stratifica-
tion models, both in NDMM and RRMM settings. The findings 
further emphasize the importance of integrating +1q alterations 
and other robust markers to refine prognostic tools and improve 
patient stratification and outcomes. Indeed, previous studies 
[44, 47] have already demonstrated the utility of the therapeutic 
approach with more efficient novel agents, such as isatuximab 
and selinexor, in this high-risk subset of patients, potentially ef-
fective as bridging therapy for even more effective therapeutic 
platforms including bispecific antibodies and CAR-T therapies.

Furthermore, in this study, ISS continued to demonstrate its 
strong prognostic value in predicting response, PFS, and OS.

The limited availability of FISH analysis for +1q abnormalities 
in 42.1% of the cohort (635/1556 cases) constitutes a potential 
limitation of this study. Nevertheless, in order to mitigate the 
impact of missing cases, we found that the baseline charac-
teristics of patients with and without available +1q data were 
comparable, observing no significant differences across key 
variables. This finding suggests that the subgroup with avail-
able +1q abnormality analysis is representative of the overall 
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cohort, hence minimizing the constraints of the retrospective 
analyses. However, the relatively low incidence of +1q alter-
ations observed in this study, in part justified by a high posi-
tivity cut-off, could reflect a selection bias due to cases without 
available analysis, potentially underestimating the true preva-
lence of these abnormalities.

The lack of detailed data on class-refractory status (i.e., refrac-
toriness to CD38 monoclonal antibodies, proteasome inhibi-
tors, or immunomodulatory drugs) represents a limitation of 
our study. While refractoriness to the last line of therapy was 
considered, the absence of a more refined classification of treat-
ment resistance may have impacted the observed outcomes, 
especially when comparing different triplet regimens. This lim-
itation is inherent to real-world data, where treatment decisions 
are influenced by prior drug exposures and evolving therapeutic 
landscapes. For instance, patients receiving Elo-Pd may have 
been more likely to be lenalidomide-refractory compared to 
those treated with Dara-Rd, potentially affecting response rates 
and survival outcomes. Future studies should incorporate class-
refractory status into prognostic models to improve treatment 
stratification in real-world settings.

In conclusion, the role of +1q abnormalities in MM, particularly 
in the RRMM setting, remains insufficiently explored in clinical 
research, further compounded by the limited use of cytogenetic 
testing in real-world practice. In this scenario, our data provide 
an initial contribution toward addressing this knowledge gap, 
underscoring the critical role of +1q alterations as both predic-
tive and prognostic markers in RRMM. Additionally, our find-
ings highlight the critical importance of +1q abnormalities in 
RRMM even in the real-world setting, providing valuable in-
sights into risk stratification and treatment decision-making. 
The study also reinforces the need for comprehensive cytoge-
netic profiling and a more refined approach to prognostic eval-
uation, integrating both genetic and clinical factors to optimize 
patient outcomes in this complex disease landscape. In the 
future, it will be essential to implement these advanced geno-
typing technologies, such as NGS, not only in research [49] but 
also in real-world clinical settings. However, in clinical practice, 
molecular information must not only demonstrate prognostic 
value but also guide specific therapeutic decisions, ensuring its 
practical utility in tailoring treatment strategies for MM both at 
diagnosis and at relapse.
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