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Abstract: 1q gain/amplification (1g+) is the most common cytogenetic abnormality (CA), with a frequency of 30-
50% in patients with newly diagnosed multiple myeloma (NDMM). Although accumulating evidence supports 1q+
as a “high-risk” CA (HRCA), several issues remain to be addressed to understand its true prognostic property. We
retrospectively analyzed a cohort of 934 patients with NDMM from three centers in China, who had baseline data
available for 1g+ [including 121 gain (3 copies) and amplification (> 3 copies)] detected by fluorescence in situ
hybridization in isolated CD138* cells, and who received first-line treatment with novel agents including proteasome
inhibitors, immunomodulatory drugs, or both. Minimal residue disease (MRD) was assessed using next-generation
flow cytometry. In this cohort, 1g+ patients accounted for 53% of all patients. 1q+ patients were characterized by
larger tumor burden, more advanced diseases, adverse complications, and frequent concurrence of other CAs (par-
ticularly HRCAs) at diagnosis. Concurrence of HRCAs [del(17p), t(4;14), and t(14;16); known as double-hit MM], but
not standard-risk CA, markedly worsened the outcome of 1g+ patients, compared to those with 1g+ only (progres-
sion-free survival/PFS: hazard ratio/HR 1.63, 95% confidence interval/Cl 1.21-2.20, P = 0.0013; overall survival/
0S: HR 1.96, 95% Cl 1.40-2.74, P < 0.0001). 1g+ modulated the risk levels defined by the Revised International
Staging System (R-ISS). Although the overall response rate was not significantly different between patients with
or without 1q+, fewer 1q+ patients achieved complete response or better and minimal residue disease negativity
(MRD). MRD- attainment substantially prolonged PFS (HR 4.03, 95% Cl 2.59-6.29, P < 0.0001) and OS (HR 3.72,
95% Cl 2.24-6.19, P < 0.0001) of 1g+ patients. While 1g+ patients had relatively shorter MRD- duration, sustained
MRD- significantly improved the PFS and OS of 1g+ patients. Together, 1g+ is an HRCA and a major component of
double-hit MM, while the risk-adapted and MRD-tailored therapy may best help manage this high-risk population.
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Introduction

Multiple myeloma (MM) is a common hema-
tologic malignancy characterized by diverse
clinical features, therapeutic responses, and
outcomes, largely driven by its high biological
heterogeneity [1]. The introduction of protea-
some inhibitors (Pls), immunomodulatory drugs
(IMiDs), and more recently CD38 monoclonal
antibodies (mAbs) and chimeric antigen recep-
tor T-cell immunotherapy (CAR-T) has signifi-

cantly improved the therapeutic response and
survival of MM patients [2]. However, a number
of patients still experience poor prognosis (e.g.,
early relapse and mortality) with a predicted
overall survival (OS) less than 3 years, known as
high-risk MM (HRMM) [3].

Recurrent cytogenetic abnormalities (CAs) are
considered the most robust prognostic predic-
tor for the outcome of patients with newly diag-
nosed MM (NDMM) [1], with del(17p), t(4;14),

https://doi.org/10.62347/FXVH4425


http://www.ajcr.us
https://doi.org/10.62347/FXVH4425


1q gain in multiple myeloma

1(14;16), and t(14;20) defined as high-risk CAs
(HRCAs) by the International Myeloma Working
Group (IMWG) [4]. 1q gain/amplification (1g+) is
the most common CA, accounting for 20-50%
of NDMM patients [5, 6]. Most evidence indi-
cates 1g+ as an independent prognostic risk
factor [7]. However, this could not be verified in
some studies [8]. Several studies reveal that
only 1q amplification (copy number > 4), but not
1q gain (3 copies), displays an inferior impact
on prognosis [9]. Nonetheless, owing to accu-
mulating evidence supporting its high-risk
property, 1g+ has been included in multiple
risk stratification systems developed recently,
including the Second Revision of the Inter-
national Staging System (R2-ISS) and the
Mayo Additive Staging System (MASS) [10, 11].
Because 1qg+ often co-exists with other HRCAs
[12], a debate arises about whether 1qg+ repre-
sents a true driver of poor prognosis or just a
byproduct of high-risk biology [13]. Importantly,
as 1q+ confers intrinsic resistance to frontline
agents (e.g., bortezomib) [6, 14], an effective
therapy for 1qg+ patients is lacking [15].
Moreover, 1g+ patients display significantly
shorter survival than those without 1g+ in the
majority of the randomized trials evaluating
various novel agents and therapies [16]. 19+
remains an adverse CA even in the patients
who received autologous stem cell transplant
(ASCT) and post-transplant maintenance [17]. It
remains uncertain whether the newer thera-
pies (e.g., CD38 mAbs, CAR-T, XPO-1 inhibitors,
etc.) would benefit this subset of high-risk
patients [18, 19]. Of note, recent findings sug-
gest that attainment of undetectable minimal
residual disease (MRD’) may abrogate the
adverse impact of certain HRCAs [13, 20].
Alternatively, risk-adapted maintenance after
induction with bortezomib, lenalidomide, and
dexamethasone (VRd) has been proposed to
manage patients carrying HRCAs [21]. How-
ever, the prognostic effect of 1g+ is highly het-
erogeneous and probably dynamic (e.g., due to
changes in the MRD status) [22]. Therefore, it is
important to better understand the high-risk
property of 1q+, to personalize risk-adapted
therapy for heterogeneous 1q+ patients. To this
end, we conducted this retrospective study to
dissect the prognostic impact of 1g+ (1q gain
or amplification) using a large cohort involving
three participating centers and an independ-
ent cohort from the Analysis of the Clinical
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Outcomes in Multiple Myeloma to Personal
Assessment (CoMMpass) trial (NCT01454297,
available via http://research.themmrf.org).

Materials and methods
Patient selection

This was a multi-center retrospective study that
analyzed patient data from three centers. For
patients to be eligible for this study, the follow-
ing criteria must be met: who were newly diag-
nosed with MM, treated with PI, IMiD, or both
for first-line treatment, and had baseline 19+
[including 121 gain (3 copies) and amplifica-
tion (> 3 copies) data available. The exclusion
criteria included a) Baseline 1g+ information
not available; b) Treatment information not
available; or c) First-line treatment without
novel agents (Pls and/or IMIDs). To validate the
effect of upfront treatment on the outcome of
1g+ patients, we also obtained the data for
patients eligible for this study from the
CoMMpass cohort. The study was approved by
the Institutional Review Board (IRB) of the First
Hospital of Jilin University (Approval # 2022-
069) and conducted in accordance with the
Declaration of Helsinki. Written informed con-
sent for participation in this study was obtained
from all patients.

Fluorescence in situ hybridization (FISH)

FISH was routinely performed to assess CAs in
bone marrow (BM) CD138-positive cells as
reported previously [23]. The probes for 1g+,
deletion 17p [del(17p)], deletion 1p [del(1p)],
and deletion 13q [del(13q)] were obtained from
Kanglu Biotechnology Co., Ltd. (Wuhan, China).
The probes for t(4;14), t(14;16), and t(11;14)
were purchased from Abbott Laboratories S.A.
(Shanghai, China). Cutoff values for defining the
presence of CAs were adopted from the routine
diagnostic criteria in our real-life practice [23].
Del(17p), t(4;14), and t(14;16) were defined as
HRCAs according to the Revised International
Staging System (R-ISS) [24].

Next-generation flow cytometry (NGF)

NGF was performed to monitor the MRD status
in BM samples, using a modified 2-tube 8-co-
lor assay (tube 1: cKappa-FITC/cLambda-PE/
CD138-Percp-cy5.5/CD27-PE-CY7/CD22-APC/
CD19-APC-H7/CD38-BV421/CD45-Viogreen;
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tube 2: CD56-FITC/CD200-PE/CD28-Percp-
cy5.5/CD117-PE-CY7/CD19-APC/CD20-APC-
H7/CD38-Bv421/CD45-Viogreen) as reported
earlier [25]. The absence of PCs or their per-
centage below the limit of detection (LOD) was
considered MRD negative [26]. Duration of
MRD negativity was defined as the time from
the first achievement of MRD negativity to
becoming MRD-positive, progressive disease
(PD), or last follow-up. Sustained MRD negativ-
ity was defined as MRD negativity lasting for a
minimum of a year, according to the IMWG con-
sensus criteria [27]. Loss of MRD negativity
was defined as conversion from MRD negativity
to becoming MRD-positive and/or PD within a
year.

Clinical outcomes

Time to relapse (TTR) was defined as the time
from the start of initial therapy until disease
relapse. Progression-free survival (PFS) was
defined as the duration from the start of initial
therapy until disease progression, relapse, or
death due to any cause. Patients who did not
progress or relapse were censored on the last
date when they were seen alive and event-free.
OS was defined as the time from the start of
initial therapy to death from any cause or the
last follow-up date. Therapeutic responses
were evaluated according to the IMWG's crite-
ria [27, 28].

Statistical analysis

The data for baseline characteristics are
expressed as the number and percentage of
patients. The Chi-square test or Fisher exact
probability test was used to compare baseline
clinical characteristics. PFS, OS, and duration
of MRD negativity were expressed as median
time (months). Probabilities for PFS and OS
were estimated using the Kaplan-Meier meth-
od, with differences tested for statistical signifi-
cance using the (two-sided) log-rank test.
Univariate and multivariate analyses was per-
formed to evaluate the impact of variables
using the Cox regression model. Hazard ratios
(HRs) with 95% confidence interval (Cl) were
estimated by the Cox proportional hazards
model. The Wilcoxon rank sum test was used to
analyze a continuous variable. All statistical
analyses were conducted using SPSS software
(version 22.0) and R packages survival and
survminer in R/Bioconductor (version 3.6.1). P
< 0.05 was considered statistically significant.
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Results

Baseline characteristics and frontline treat-
ment

A total of 1,610 patients from November 27,
2009 to November 20, 2019 were screened
(Figure 1A), of whom 934 patients were eli-
gible for this study. The demographics, baseline
clinical characteristics, and treatment of all eli-
gible patients, including 496 with 1g+ and 438
without 1g+, were summarized in Table 1.
There were no significant differences in age
(median 60 years, range 32-84 years vs. 61
years, range 27-87 years) and sex (male: 56.7%
versus 60.7%) between patients with and with-
out 1g+. More 1g+ patients had IgA (27.8%
versus 20.3%, P = 0.008) or IgD isotype (9.5%
versus 3.2%, P < 0.001; Figure 1B), anemia
(74.8% versus 62.6%, P < 0.001; Figure 1C),
International Staging System (ISS) Il (56.9%
versus 49.5%, P = 0.025; Figure 1D), R-ISS llI
(33.6% versus 24.3%, P = 0.004; Figure 1E),
greater tumor burden (bone marrow plasma
cells/BMPCs > 30%: 71.3% versus 60.2%, P =
0.008; beta-2-microglobulin/B2-MG > 5.5
mg/L: 63.6% versus 50.6%, P = 0.003; lactate
dehydrogenase/LDH > upper limit of normal/
ULN: 33.1% versus 22.1%, P < 0.001; Figure
1F), and thrombocytopenia (19.4% versus
13.7%, P = 0.019; Figure 1F), compared to
those without 1g+. More 19+ patients also
carried another HRCA such as t(4;14) (17.7%
versus 11.9%, P = 0.031) and t(14;16) (3.9%
versus 0.6%, P = 0.004), or adverse CA like
del(13q) (55.8% versus 37.0%, P < 0.001) than
those without 1g+ (Figure 1G).

Of 934 patients, 28.3% received Pl plus IMiD-
based triplet therapy for induction, including
bortezomib + lenalidomide + dexamethasone
(VRd), bortezomib + thalidomide + dexametha-
sone (VTD), bortezomib + pomalidomide +
dexamethasone (VPD), and others (12.5%);
48.7% received Pl-based doublet therapy
(mainly vd); and 23.0% received IMiD-based
doublet therapy (mostly Rd). Only a few patients
(< 5%) received daratumumab.

Effect of concurrent HRCAs on PFS and OS of
1q+ patients

Of 496 1qg+ patients, 150 carried only 1g+, who
had significantly worse outcomes than those
carrying standard-risk CA [SRCA e.g., del(13q),
t(11;14), and del(1p)], with median PFS of 21.9
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Figure 1. Baseline clinical characteristics. (A) Distribution of patients (n =
1,160) according to staging (ISS and R-ISS) and different CAs. (B-G) Compari-
son of baseline characteristics between patients with (n = 496) and without
19+ (n = 438), including M protein isotypes (B), complications (C), ISS sta-
ges (D), R-ISS stages (E), laboratory abnormalities (F), and CAs (G). ISS, In-
ternational Staging System; R-ISS, revised International Staging System; CA,
cytogenetic abnormality; N/O, non/oligosecretory; BMPCs, bone marrow
plasma cells; B2-MG, B2-microglobulin; LDH, lactate dehydrogenase; PLT,
platelet.

vs. 30.9 months (HR 1.39, 95% Cl 1.09-1.77, P
=0.0081) and 0S of 45.6 vs. 58.6 months (HR
1.50, 95% Cl 1.12-2.01, P = 0.0067). However,
there was no significant difference between
patients carrying only 1g+ and those carrying
HRCAs [del(17p), t(4;14), and/or t(14;16)], with
median PFS of 21.9 vs. 18.2 months (HR 1.06,

95% C10.92-1.23,P=0.4222)
and OS of 45.6 vs. 42.0
months (HR 1.02, 95% CI
0.85-1.21, P = 0.8528). Foll-
owing univariate analyses on
all baseline characteristics,
multivariate analysis revealed
1g+ as an independent factor
for OS (HR 1.40, 95% CI 1.10-
1.79, P = 0.0007; Table S1).
Considering the cut-off of
20% for 1g+ as recommend-
ed by the European Myeloma
Network (EMN) [29], we com-
pared the outcome of 1g+
patients with 5-20% and >
20% in our cohort. There were
no significant differences in
both PFS (HR 1.16, 95% CI
0.80-1.69, P = 0.4317; Figure
S1A) and OS (HR 1.13, 95% CI
0.74-1.74, P = 0.5635; Figure
S1B) between them, consis-
tent with the observations
reported earlier [30].

Concurrence of HRCAs [de-
fined as del(17p), t(4;14), or
t(14;16)], known as double-hit
MM [9], was common in pa-
tients carrying HRCAs (see
Figure 1A, indicated by squ-
are). 18.3% and 49.0% of
analyzable 1qg+ patients (n =
459) also carried HRCA and
SRCA, respectively. Compa-
ring with patients carrying
only 1g+, the concurrence of
19+ and HRCAs led to a sig-
nificantly shorter PFS (HR
1.63, 95% Cl 1.21-2.20, P =
0.0013; Figure 2A) and OS
(HR 1.96, 95% Cl 1.40-2.74, P
< 0.0001; Figure 2B), while
there were no significant dif-
ferences in most baseline
characteristics between the

two groups (except more males and R-ISS Il in
1qg+ patients with concurrent HRCAs than those
with 1g+ only). However, this phenomenon was
not observed in the case of SRCAs, regarding
either PFS (HR = 1.19, 95% Cl 0.94-1.51, P =
0.1537; Figure 2C) or OS (HR = 1.23, 95% ClI
0.93-1.63, P = 0.1496; Figure 2D).
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Table 1. Clinical characteristics and treat-

ment (N = 934)

1qg gain in multiple myeloma

N (%)
Age, yrs
Median (range) 61 (27-87)
>65 311 (33.3)
<65 623 (66.7)
Sex
Male 547 (58.6)
Female 387 (41.4)
M protein
IgG 421 (45.1)
IgA 227 (24.3)
1gD 1(6.5)
Light chain 201 (21.5)
Non/oligosecretory 4 (2.6)
ISS
I 143 (15.3)
Il 292 (31.3)
11 499 (53.4)
R-ISS (n=826)
I 81 (9.8)
Il 503 (60.9)
1] 242 (29.3)
BMPCs, % (n=514)
>30 339 (66.0)
<30 175 (34.0)
B2-MG, mg/L (n =519)
>5.5 298 (57.4)
<b.5 221 (42.6)
LDH, U/L (n=881)
>220 247 (28.0)
<220 634 (72.0)
CsCa, mmol/L (n=931)
>2.75 142 (15.3)
<2.75 789 (84.7)
Cr, ymol/L
> 177 237 (25.4)
<177 697 (74.6)
Hb, g/L (n = 888)
<100 614 (69.1)
>100 274 (30.9)
EM disease (n=933)
Yes 172 (18.4)
No 761 (81.6)
PLT, 10°/L (n=932)
<100 156 (16.7)
>100 776 (83.3)
505

FISH
19+ 496/934 (51.3)
del(17p) 116/934 (12.4)
del(13q) 439/934 (47.0)
del(1p) 35/364 (9.6)
t(11;14) 97/739 (13.1)
1(4;14) 108/721 (15.0)
t(14;16) 17/721(2.6)
Induction
Pl-based 455 (48.7)
IMiD-based 215 (23.0)
Pl plus IMiD-based 264 (28.3)
ASCT
Yes 98 (10.5)
No 836 (89.5)

N, number; yrs, years; M protein, monoclonal protein
type; ISS, International Staging System; R-ISS, revised
International Staging System; BMPCs, bone marrow
plasma cells; B2-MG, B2-microglobulin; LDH, lactate de-
hydrogenase; CsCa, serum corrected calcium; Cr, serum
creatinine; Hb, hemoglobin; EM, extramedullary; PLT,
platelet; ALB, albumin; FISH, fluorescence in situ hybrid-
ization; PI, proteasome inhibitor; IMiD, immunomodula-
tory drug; ASCT, autologous stem-cell transplantation.

We further analyzed the effect of individual
concurrent CA on the outcome of 1g+ patients
by comparing them with those only carrying
1g+. Concurrence of t(14;16) led to the worst
outcome of 1g+ patients, with median PFS of
5.0 months (HR 3.28, 95% CI 1.82-5.90, P <
0.0001; Figure 2E) and OS of 22.9 months (HR
3.29, 95% Cl 1.70-6.35, P = 0.0004; Figure
2F). A similar phenomenon, although to a less-
er extent, was observed in the case of del(17p),
with a median PFS of 13.0 months (HR 1.50,
95% Cl 1.06-2.12, P = 0.0221) and OS of 23.3
months (HR 1.50, 95% Cl 1.19-2.61, P =
0.0046). Concurrence of t(4;14) also moder-
ately shortened median PFS (18.2 months; HR
=1.22, 95% Cl 0.87-1.70, P = 0.2572) and OS
(43.6 months; HR = 1.22, 95% Cl 0.82-1.82, P
= 0.3321) of 1g+ patients.

In addition, while del(1p) itself was not signifi-
cantly associated with OS in univariate analy-
ses (HR 1.407, 95% CI 0.89-2.22, P = 0.144),
concurrence of del(1p) markedly worsen the
outcome of 1qg+ patients, with median PFS
and OS of 8.3 months (HR 1.55, 95% Cl 0.94-
2.55, P = 0.0886; Figure 2E) and 15.3 months
(HR 2.26, 95% CI 1.32-3.88, P=0.0031; Figure
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Figure 2. Impact of concurrent cytogenetic abnormalities on the outcomes of 1g+ patients. (A, B) Kaplan-Meier es-
timates of progression-free survival/PFS (A) and overall survival/0S (B) for 1g+ patients with or without concurrent
high-risk cytogenetic abnormality [HRCA, including del(17p), t(4;14), and t(14;16)]. (C, D) Kaplan-Meier estimates
of PFS (C) and OS (D) for 1g+ patients with or without concurrent standard-risk cytogenetic abnormality [SRCA,
including del(13q), del(1p), and t(11;14)]. (E, F) Univariate analysis of PFS (E) and OS (F) for various concurrent

cytogenetic abnormalities in 1g+ patients.

2F), comparing with those carrying only 1g+.
Interestingly, concurrence of del(13q) also
shortened median PFS (16.4 months; HR 1.37,
95% ClI 1.09-1.72, P = 0.0075) and OS (31.4
months; HR 1.39, 95% Cl 1.06-1.81, P =
0.0171). Due to its high incidence (e.g., 47% in
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our cohort), the inferior effect of del(13q) on
1g+ patients may stem from other concurrent
HRCAs [31]. To address this issue, we analyzed
the impact of concurrent del(13q) alone.
Concurrence of only del(13q) did not signifi-
cantly affect PFS (median, 17.9 months; HR =
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Figure 3. Effects of 1g+ on the risk stratification by the R-ISS. Kaplan-Meier estimates of PFS (A, B) and OS (C, D)
according to the R-ISS staging with and without addition of 1qg+.

1.24, 95% Cl 0.97-1.58, P = 0.0846) and OS
(median, 36.8 months; HR = 1.19, 95% CI 0.89-
1.58, P=0.2421) of 1g+ patients.

Effect of 1q+ on the risk stratification by the
R-ISS

Compared with their counterparts without 1qg+,
R-ISS | or Il patients with 1g+ had significantly
shorter median PFS (21.3 vs. 29.6 months; HR
1.31, 95% Cl 1.07-1.61, P = 0.0079; Figure 3A
and 3B) and 0S (47.7 vs. 54.8 months; HR
1.30, 95% CI 1.01-1.67, P = 0.0427; Figure 3C
and 3D). A similar phenomenon was also
observed in the case of R-ISS Ill patients,
although the differences were not signifi-
cant, regarding PFS (11.9 vs. 15.2 months; HR
1.19, 95% Cl 0.89-1.59, P = 0.2364) and 0S
(22.4 vs. 33.0 months; HR 1.37, 95% CI 1.00-
1.89, P = 0.0521). However, the R-ISS main-
tained its ability to discriminate PFS (HR 1.37,
95% Cl 1.22-1.54, P < 0.0001) and OS (HR
1.50, 95% ClI 1.32-1.71, P < 0.0001) in 1qg+
patients.

Effect of different therapies on therapeutic
responses and outcomes of 1q+ patients

All patients received doublet or triplet therapy
containing PI, IMiD, or both for induction in the
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real-world setting (Table 1). Consistent with an
earlier report [12], no significant differences
were observed in objective response rate (ORR,
> partial response/PR; Figure S2A) or the best
response rate (= very good partial response/
VGPR; Figure S2B) between patients with and
without 1g+ who received PI, IMiD, or both, and
ASCT. Of note, fewer 1g+ patients achieved >
complete response (CR) after induction with
Pl-based therapy (P = 0.028; Figure 4A) or
stringent complete response (sCR) after ASCT
(P = 0.001; Figure 4B), compared with those
without 1g+. However, no significant differences
were observed in patients who received IMiD or
Pl plus IMIiD therapies. There were no
differences in OS between 1g+ patients who
received doublet and triplet therapy (HR 1.27,
95% Cl 0.98-1.65, P = 0.0727; Figures 4C and
S2C, S2D). 1g+ patients who received ASCT
had significantly longer OS than those without
ASCT (HR 2.46, 95% Cl 1.57-3.85, P < 0.0001;
Figure 4D). In the CoMMpass cohort, 1qg+
patients who received triplet had longer 0OS
than those who received doublet (HR 1.99,
95% Cl 1.16-3.39, P = 0.0118; Figure 4E); the
results for patients with versus without ASCT
(HR 2.45,95% Cl 1.46-4.12, P=0.0007; Figure
4F) were analogous to those observed in our
cohort. Surprisingly, the OS of 1g+ patients was
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Figure 4. Effects of frontline treatment on therapeutic responses and survival of 1q+ patients. (A, B) Percentage of
patients with or without 1g+ who achieved > complete response/CR (A) or stringent complete response/sCR (B).
(C, D) Kaplan-Meier estimates of OS for 1g+ patients who received proteasome inhibitor (PIl)- or immunomodulatory
drug (IMiD)-based (doublet) versus PI plus IMiD-based (triplet) induction (C), or autologous stem-cell transplantation
(ASCT) versus no ASCT (D) in our cohort. (E, F) Kaplan-Meier estimates of OS for 1g+ patients who received doublet
versus triplet induction (E), or ASCT versus no ASCT (F) in the CoMMpass cohort.

almost identical to those without 1qg+ after following ASCT in the CoMMpass cohort (Figure
carfizomib-based induction with or without S2E and S2F). Unfortunately, only a few patients
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received carfizomib-based therapy in our
cohort, which did not allow us to further verify
this observation.

Impact of the MRD status on the outcome of
1q+ patients

In 201 patients with available MRD data (the
median LOD of 3.86x10°®), fewer 1q+ patients
achieved MRD- than those without 1+ (42%
versus 53%), particularly in the subgroup of
patients who received Pl-based therapy (40%
versus 55%) or ASCT (72% versus 96%),
although the differences were not statistically
significant (Figure 5A). The first MRD test was
conducted when patients achieved an objec-
tive response (CR, VGPR, or PR), while the time
points for subsequent tests varied during con-
solidation, maintenance, and follow up, with
the median test number of 3 times (range 1-11
times) per patient. The median time to MRD-
was not different between patients with and
without 1g+ (HR 1.15, 95% CI 0.81-1.64, P =
0.4387; Figure S3A). The median duration of
MRD- was shorter, although not significantly, in
1g+ patients than those without 19+ (29.1
months versus not reached; HR 0.65, 95% ClI
0.33-1.28, P = 0.2149; Figure 5B). However,
when treated as a continuous variable, the
duration of MRD" was significantly different
between patients with and without 1g+ (P =
0.031). Comparing with their counterparts who
failed to achieve MRD;, 1qg+ patients who
achieved MRD- sharply prolonged PFS (HR
4.03, 95% Cl 2.59-6.29, P < 0.0001; Figure
5C) and OS (HR 3.72, 95% CI 2.24-6.19, P <
0.0001; Figure 5D). In patients who achiev-
ed MRDr, there were however no significant dif-
ferences between patients with and without
1g+ in PFS (HR 1.46, 95% Cl 0.88-2.43,
P = 0.1404; Figure 5E) and OS (HR 1.28,
95% Cl 0.71-2.32, P = 0.4146; Figure 5F).
Moreover, while 1qg+ patients who lost the
MRD- status within 12 months had a longer
median time to relapse (TTR) than those who
had persistent MRD* (26.4 versus 11.6
months), the MRD- duration > 12 months sub-
stantially prolonged TTR (not reached; Figure
S3B). Consistently, sustained MRD (> 12
months) diminished the differences in PFS
(Figure S3C) and OS (Figure S3D) between
patients with and without 1g+ (median not
reached for all cases).
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Discussion

In our previous study, we have demonstrated
that patients carrying 1g+ are considerably het-
erogeneous with diverse outcomes and thus
require risk stratification for more precise treat-
ment [23]. Here, we further conducted this
study to explore the basis for such heterogene-
ity in this population, involving baseline charac-
teristics, frontline therapies, and therapeutic
responses (particularly MRD). As the most com-
mon CA, 1g+ was seen in about half of NDMM
patients in our cohort, relatively more frequent
than 30-40% reported in Western countries [5].
Consistent with previous studies [12, 32], 1g+
patients were more frequently characterized by
advanced diseases (e.g., ISS Ill and R-ISS lIl),
large tumor burden (e.g., BMPCs, 2-MG, and
LDH), adverse complications (e.g., anemia and
thrombocytopenia), and frequent concurrence
of other CAs (including HRCAs). However, it
could not be excluded that these unfavorable
baseline characteristics might be attributed to
the late presentation of participants at diagno-
sis in our cohort. It is also worth noting that
approximately 10% of 1g+ patients had IgD iso-
type, significantly more frequent than those
without 1g+ (3%). This is a rare but aggressive
isotype of MM [33], which is however relatively
more common in the population of Chinese
patients with MM [34].

1g+ has long been recognized as an unfavor-
able marker and used for risk stratification in
MM [35-37]. Although the association between
1g+ and poor outcomes has been well docu-
mented [32], the true impact of 1g+ on the
prognosis remains a debate [13]. For example,
poor outcomes of 1q+ patients have been con-
sidered a byproduct of high-risk tumor biology
due to its high frequency of concurrence
with other HRCAs [8]. To exclude such a poten-
tial influence from concurrent HRCAs, we ana-
lyzed the outcome of patients carrying 1qg+
only. Notably, these patients had significantly
worse outcomes (both PFS and 0S) than
patients who carry SRCAs, but similar to those
carrying HRCAs such as del(17p), t(4;14), and/
or 1(14;16), suggesting 1g+ itself as an inde-
pendent “HRCA”. Co-existence of two or more
HRCAs, known as a type of double-hit MM [9],
confers more aggressive disease and worse
outcomes than a single HRCA [38-40]. We
found that about 70% of 1g+ patients carried
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Figure 5. Effects of the minimal residue disease (MRD) status on the outcomes of 1q+ patients. (A) Percentage of
patients with or without 1g+ who achieved MRD negativity (MRD). (B) Kaplan-Meier estimates of the MRD" duration
for patients with or without 1q+. (C, D) Kaplan-Meier estimates of PFS (C) and OS (D) for 1q+ patients who achieved
MRD- or remained persistent MRD (MRD*). (E, F) Kaplan-Meier estimates of PFS (E) and OS (F) for patients with or
without 1g+ who achieved MRD.
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two or more other CAs, particularly HRCAs
(accounting for ~25% of 1g+ patients). Con-
currence of HRCAs, but not SRCAs, signifi-
cantly shortened PFS and OS of 1q+ patients
than those carrying only 1qg+, while no signifi-
cant differences between one and two or more
concurrent HRCAs [7, 12]. Moreover, our analy-
sis of each concurrent HRCA showed that con-
currence of t(14;16) or del(17p), rather than
1(4;14), markedly shortened PFS and OS of 19+
patients. Interestingly, concomitant del(17p)
and t(4;14) are associated with inferior survival
of 1q+ patients who receive ASCT [17]. These
observations provide more evidence support-
ing the definition of double-hit MM by the Mayo
Stratification for Myeloma and Risk-Adapted
Therapy (NSMART) 3.0 [41], but also raise a
notion that it may be necessary to pinpoint
which concurrent HRCA(s) are exactly involved
in double-hit MM. In addition, the concurrence
of certain SRCAs [(e.g., del(1p) and probably
del(13q) as well] might also worsen the out-
comes of 1g+ patients [42, 43]. In this context,
biallelic and to a lesser degree monoallelic
deletion of 1p32 have been identified as a
strong prognostic factor in patients with NDMM,
while the concurrence of other HRCAs (includ-
ing 1qg+) further shortens the OS of patients
with del(1p32) [44]. Therefore, our observa-
tions that the impact of different concurrent
CAs varies may provide a potential explanation
for the high heterogeneity in the prognosis of
1q+ patients.

The bulk of evidence suggests that frontline
treatment with Pls and IMiDs, or both, and
ASCT could improve poor outcomes of 1qg+
patients but not fully overcome the adverse
prognostic property of 1q+ [16, 17, 45]. For
example, the Forte study has shown that the
triplet therapy combining carfilzomib, lenalido-
mide, and dexamethasone (KRD), followed by
ASCT, abrogates the dismal outcome of patients
with 1qg gain (3 copies), rather than amplifica-
tion (> 3 copies) [46]. The efficacy of the CD38
mAb daratumumab has been demonstrated in
HRMM patients, in which the data for 1g+
patients are however limited [18, 47]. Emerging
evidence has demonstrated that achievement
of MRD negativity (MRD") may improve or even
overcome the poor outcome of patients carry-
ing HRCAs [22, 48, 49]. Of note, baseline high
risk due to HRCAs may be transformed to stan-
dard risk via achieving MRD negativity, or vice
versa due to persistent MRD [22, 50]. However,
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the effect of the MRD status on the outcomes
of 1g+ patients remains largely uncertain. We
observed that although 1qg+ patients had a rel-
atively lower probability of achieving MRD nega-
tivity and a shorter duration of MRD negativity
than those without 1g+, the attainment of MRD
negativity strikingly prolonged PFS and OS of
1g+ patients. Once MRD negativity sustained
for a year or longer, the outcomes of 1qg+
patients were virtually identical to those with-
out 1g+, with almost no patients experiencing
disease progression or death during 6-year fol-
low-up. Thus, our observations suggest that
durable MRD negativity might conquer the
adverse effect of 1q+, highlighting the im-
portance of achieving and maintaining deep
remission (particularly MRD") for this high-risk
population of 1g+ patients. They also suggest
that MRD-tailored treatment may be particularly
helpful in improving the outcomes of these
patients. However, because the time point for
the MRD test was not fixed (except the first
time), a possibility that the interval of the MRD
tests may affect time to MRD- or duration of
MRD- could not excluded.

The main limitations of this study include its
retrospective nature and overall relatively
poor outcomes of patients in our cohort,
probably in association with a large proportion
of patients who carried HRCAs and had
advanced diseases (e.g., ISS lll and R-ISS IlI)
at diagnosis. Other limitations of this study
cohort included that the information for certain
baseline characteristics [e.g., for BMPCs,
karyotypes, and FISH for del(1p)] was not
available at one participating center, that
immunoglobulin heavy chain (IGH) rearrange-
ments were not further classified to t(4;14),
t(11;14), and t(14;16) in a considerable part of
patients, and that only a small number of
patients received ASCT and maintenance,
which limited the analyses for their impact on
the outcome of patients. Since the data cutoff
date of this study was November 20, 2019, only
a few patients received newer agents (e.g.,
anti-CD38 mAbs such as daratumumab that
was approved for transplant-ineligible and -eli-
gible patients with NDMM on May 7, 2018 and
September 26, 2019, respectively). For the
same reason, the sensitivity of MRD tests was
relatively low due to the unavailability of highly
sensitive approaches currently used in the clin-
ic. Thus, caution needs to be taken to explain
our observations in the current practice.
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Conclustions

This study verified 1g+ itself as an independent
risk factor, irrespective of all other baseline
characteristics (e.g., age, disease stage, tumor
burden, complications, and concurrent HRCASs)
and treatments in a cohort with a high
proportion of 1g+ patients, all of whom received
doublet or triplet therapy. 1g+ patients dis-
played a considerable heterogeneity in base-
line characteristics, therapeutic responses,
and outcomes, which can be at least partially
attributed to the concurrence of different CAs,
particularly HRCAs such as t(14;16) and
del(17p). The poor outcome of 1qg+ patients
could be ameliorated by durable MRD negativity.
Therefore, our observations could help develop
the risk-adapted and MRD-tailored therapy to
overcome the adverse prognostic property of
1g+ and thus warrant further validation in a
prospective setting.
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Table S1. Univariate and multivariate analyses of OS in the entire cohort (N = 934)

Univariate Multivariate

HR (95% ClI) P HR (95% Cl) P
Age, > 65 vs. < 65 yrs 1.26 (1.05-1.52) 0.02 1.43 (1.12-1.83) <0.01
Male vs. female 1.08 (0.90-1.29) 0.42 - -
ISS Il vs. I/11 1.82 (1.51-2.19) <0.01 1.52 (1.14-2.03) <0.01
LDH, >vs. < 220 U/L 2.00 (1.65-2.43) <0.01 1.67 (1.29-2.16) <0.01
CsCa, < vs.>2.75 mmol/L 1.87 (1.50-2.34) <0.01 1.63 (1.19-2.23) <0.01
Cr, <vs. > 177 ymol/L 1.70 (1.40-2.07) <0.01 1.23(0.92-1.63) 0.16
Hb, < vs.> 100 g/L 1.47 (1.19-1.81) <0.01 0.93 (0.69-1.24) 0.60
PLT, < vs. >100%x10°%/L 2.55 (2.03-3.19) <0.01 1.81 (1.30-2.51) <0.01
19+, pos. vs. neg. 1.39 (1.16-1.67) <0.01 1.40 (1.10-1.79) <0.01
del(17p), pos. vs. neg. 1.51 (1.18-1.93) <0.01 1.21 (0.88-1.68) 0.24
del(13q), pos. vs. neg. 1.34 (1.12-1.61) <0.01 1.19 (0.93-1.52) 0.17
t(141;14), pos. vs. neg. 1.22 (0.90-1.65) 0.19 - -
t(4;14), pos. vs. neg. 1.22 (0.92-1.63) 0.17 - -
t(14;16), pos. vs. neg. 2.58 (1.41-4.73) <0.01 1.97 (1.06-3.67) 0.03

0S, overall survival; N, number; HR, hazard ratio; Cl, confidence interval; P, p value; yrs, years; ISS, International Staging
System; LDH, lactate dehydrogenase; CsCa, serum corrected calcium; Cr, serum creatinine; Hb, hemoglobin; PLT, platelet; pos,

positive; neg, negative.
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Figure S2. Effects of different therapies on response and survival of 1q+ patients. (A, B) Percentage of patients
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Figure S3. Impact of the minimal residue disease (MRD) status on the outcome of 1q+ patients. (A) Kaplan-Meier
estimates of time to event (TTE; i.e., MRD). (B) Kaplan-Meier estimates of time to relapse (TTR) in patients with
sustained MRD;, loss of MRD™, and persistent MRD (MRD"). (C, D) Kaplan-Meier estimates of PFS (C) and OS (D) in
patients with or without 1+ who achieved sustained MRD.



