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ABSTRACT

Background. The prognostic value of 1q21 gain in newly
diagnosed multiple myeloma (NDMM) remains controver-
sial. Our aim was to investigate the prognostic value of
1q21 gain in a Chinese population.
Materials and Methods. We retrospectively identified 565
patients with NDMM from multiple centers in China.
Results. We detected 1q21 gain in 222 (39.3%) patients,
among whom 144 had three copies of 1q21, 57 had four cop-
ies of 1q21, and 21 had at least five copies of 1q21. Copy
number variation did not show any effect on the disease out-
come. Multivariate analysis indicated that 1q21 gain was an
independent factor for poor prognosis, but we found that
1q21 gain was strongly associated with other high-risk fac-
tors, such as del(17p), t(4;14), t(14;16), lactate dehydroge-
nase (LDH) level >300 U/L and International Scoring System
(ISS) stage II–III (p < .001). Further analysis revealed that in

the absence of other high-risk factors, isolated 1q21 gain
resulted in similar progression-free survival (PFS; 52.0 vs.
52.8 months, p = .810) and overall survival (OS; not reached
vs. not reached, p = .833); additionally, when present with
other high-risk cytogenetic abnormalities or increased LDH
levels, 1q21 gain lost its prognostic power. However, the
presence of 1q21 gain increased the adverse impact of ISS
stage. Furthermore, 1q21 gain predicted poor PFS and OS in
patients who received bortezomib-based regimens. More-
over, autologous stem cell transplantation reversed the poor
prognosis in patients with 1q21 gain.
Conclusion. Our results show that heterogeneity exists among
patients with 1q21 gain and suggest that we should assess the
impact of 1q21 gain on prognosis according to different
treatment regimens and accompanying high-risk factors. The
Oncologist 2019;24:e1132–e1140

Implications for Practice: 1q21 gain is one of the most common chromosomal aberrations in multiple myeloma (MM); how-
ever, the prognostic value of 1q21 gain remains controversial. This study investigated the prognostic value of 1q21 gain in a
Chinese population with newly diagnosed MM. The results showed that heterogeneity exists among patients with 1q21 gain
and suggested that the impact of 1q21 gain on prognosis should be assessed according to different treatment regimens and
accompanying high-risk factors. These results could help stratify risk in patients with MM and guide treatment decisions.

INTRODUCTION

Multiple myeloma (MM) is characterized by the expansion
and accumulation of clonal plasma cells in the bone marrow,

secretion of monoclonal immunoglobulins (Igs), and the
presence of osteolytic bone lesions [1]. MM remains an
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incurable disease. The course of the disease shows heteroge-
neity with widely diverging survival times ranging from
months to years [2]. Therefore, the identification of prognos-
tic factors of MM is very important. Prognostic factors that
have been known for many years, such as lactate dehydroge-
nase (LDH) level and International Scoring System (ISS) stage,
are very useful in predicting patient outcomes [3, 4]. Cytoge-
netic abnormalities are considered the major novel prognos-
tic factors in patients with newly diagnosed MM (NDMM).
The most important cytogenetic abnormalities indicative of
poor prognosis are del(17p), t(4;14), and t(14;16) [5–7].

1q21 gain is one of the most common chromosomal aber-
rations in MM, especially in nonwhite patients [8–10]. 1q21
gain is detected in 30% to 50% of patients with NDMM
[11–14]. However, the prognostic value of 1q21 gain in MM
remains controversial. Several studies have shown that 1q21
gain is a significant and independent factor for poor prognosis
[15], although other studies have failed to confirm this finding
[13, 16, 17]. These apparently conflicting results might be
explained by the fact that 1q21 gain is frequently accompanied
by other classic biological and genetic prognostic factors. For
example, del(13q) was previously considered to be an inde-
pendent prognostic factor, but upon further research, its poor
prognostic value was found to be strongly correlated with the
presence of t(4;14) and del(17p) [18]. Various studies have
shown associations between 1q21 gain and the presence of
other abnormalities by fluorescence in situ hybridization (FISH)
including t(4;14), as well as other markers of disease burden
such as ISS stage III disease and LDH level [18–20]. Therefore,
the significance of 1q21 gain in prognosis is heterogeneous,
and the prognostic value of 1q21 gain alone and in combina-
tion with other high-risk factors needs further analysis. It is
also unknown whether the discrepancies in terms of the prog-
nostic value of 1q21 gain are related to the differences in the
proportions of patients with more than three copies of 1q21
in each study. In addition, different therapeutic strategies may
produce conflicting prognostic results in the presence of 1q21
gain. Treatment strategies for MM have improved in recent
decades. Autologous stem cell transplantation (ASCT) and novel
therapies, such as thalidomide, lenalidomide, and bortezomib,
have reportedly overcome the adverse effects associated with
high-risk chromosomal aberrations, such as t(4;14) [21, 22].
Thus, whether novel agents and ASCT affect outcomes for
patients with MM with 1q21 gain in China remains unclear.

In the present study, we examined 1q21 gain by inter-
phase FISH in Chinese patients with NDMM from multiple
centers. We assessed the prognostic value of 1q21 gain and
its impact on prognosis according to different treatment
regimens and accompanying high-risk factors. The resultant
data could provide useful information for the prognosis and
treatment of patients with MM in China.

MATERIALS AND METHODS

Patients
Patients with NDMM treated at the First Affiliated Hospital
of Sun Yat-sen University and 12 other hospitals in China
between January 1, 2007, and August 1, 2017, were evalu-
ated for inclusion in our retrospective study. All patients

were followed up for mortality and survival until December
31, 2017. Patients were included if FISH had been performed
on a pretreatment bone marrow specimen. Demographic
and disease characteristics and treatment regimens were
extracted from the electronic medical records with approval
from review boards from all centers.

Fluorescence in Situ Hybridization
Purity was confirmed by CD38+ and CD138+ phenotypes via
flow cytometric analysis. Interphase FISH analysis was
accomplished on CD138-purified plasma cells using probes
for the detection of numerical aberrations in chromosomal
regions 1q21, 17p13, t(4;14)(p16.3;q32), and t(14;16)(q32;
q23). We scored 200 nuclei for each probe and estimated
the positive results based on the following European Mye-
loma Network recommendations: more than 20% of nuclei
with at least three copies of 1q21 represented a gain [23].

Response Evaluation
Patients were treated with different induction regimens,
and some patients received ASCT. All MM treatments were
classified as ASCT or non-ASCT or conventional; immuno-
modulator-based (thalidomide or lenalidomide); bortezo-
mib-based; or bortezomib, thalidomide, and dexamethasone
(VTD) or bortezomib, lenalidomide, and dexamethasone
(VRD) regimens. Outcome measures included response to
treatment, overall survival (OS), and progression-free survival
(PFS). Response to treatment was defined according to the
International Myeloma Working Group uniform response
criteria [24]. OS was calculated from the beginning of treat-
ment until death or last follow-up. PFS was defined as the
time elapsed between treatment initiation and tumor pro-
gression or death from any cause.

Statistical Analysis
Statistical analysis was conducted using SPSS 22.0 software
(SPSS, Chicago, IL). Differences in response rates and associa-
tions between 1q21 gain and other clinical characteristics were
examined by Pearson’s chi-square tests. PFS and OS analyses
were performed using the Kaplan-Meier method, and the log-
rank test was used to analyze the differences between survival
curves. Multivariate Cox proportional hazards regression ana-
lyses were used to evaluate the prognostic impact based on
hazard ratios and 95% confidence intervals. A value of p < .05
indicated statistical significance, and all tests were two-sided.

RESULTS

Patient Characteristics
The clinical data and biological characteristics of 565 patients
with NDMM are summarized in Table 1. The median age was
59 (30–85) years, and the male-to-female ratio was 1.35
(325/240). The M-protein types found were IgG in 291, IgA
in 118, IgD in 17, light chain in 132, and others including non-
secretory and IgM in 7 patients. According to ISS stages,
143 patients had stage I disease, 195 had stage II disease,
and 227 had stage III disease. Patients had a high disease
burden with a median bone marrow plasmacytosis of 26%
(range, 2%–95%), a median hemoglobin level of 89.0 g/L
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(range, 31.9–169.0 g/L), and an LDH level of 172.0 U/L
(range, 70.0–1,356.0 U/L; the upper limit of normal for LDH
is 240 U/L).

Among all patients, 414 (73.3%) were treated with
bortezomib-based regimens, 60 (10.6%) with conventional
therapy, 73 (12.9%) with immunomodulator-based regimens,

18 (3.2%) with VTD/VRD regimens, and 169 (29.9%) with
ASCT. All patients undergoing ASCT were treated with
bortezomib-based inductions. The median follow-up duration
for all patients was 23.8 (0.5–129.5) months.

Overall, 1q21 gain was detected in 39.3% (222/565) of
patients with NDMM; 144 had three copies of 1q21 (25.5%),
57 had four copies of 1q21 (10.1%), and 21 had at least five
copies of 1q21 (3.7%); del(17) was detected in 10.4% (59/565)
of patients; and t(4;14) and t(14;16) were detected in 15.6%
(88/565) and 3.7% (21/565) of patients, respectively. Further-
more, 1q21 gain was combined with del(17p) in 29 (5.1%)
patients, with t(4;14) in 58 (10.3%) patients and with t(14;16)
in 19 (3.4%) patients (Table 1).

Association Between 1q21 Gain and Clinical and
Genetic Parameters
Patients were separated into two cohorts based on the pres-
ence or absence of 1q21 gain. The results are summarized in
Table 2. The majority of 1q21 gain-positive patients had stage
II or III disease (83.3%), in contrast to 1q21 gain-negative
patients, who mostly had ISS stage I disease (30.9%; p < .001).
LDH levels >300 U/L were more common in 1q21 gain-
positive patients (15.8 vs. 7.6%, p = .002). There was a trend
toward differences between 1q21 gain-positive and 1q21
gain-negative patients in bone marrow plasmacytosis (33 vs.
24%, p < .001). Patients with 1q21 gain had significantly
lower hemoglobin levels (<100 g/L) than patients without
1q21 gain (p = .006). The other disease characteristics were
similar between the two groups (Table 2). Some of the com-
mon high-risk cytogenetic abnormalities in MM are del(17p),
t(4;14), and t(14;16). A significant correlation was observed
between 1q21 gain and the presence of high-risk cytogenetic
abnormalities. High-risk cytogenetic abnormalities were pre-
sent in 38.3% (85/222) of patients with 1q21 gain and in
16.6% (57/343) of patients without 1q21 gain (p < .001). We
identified the following as high-risk factors: increased LDH
level, ISS stage II–III disease, and presence of high-risk cyto-
genetic abnormalities. The data showed that high-risk factors
were strongly associated with 1q21 gain (p < .001).

Response to Treatment
Responses to initial therapy were similar between patients
with and without 1q21 gain. For patients with 1q21 gain, the
responses were complete response (CR) in 25.6% and very
good partial response (VGPR) in 35.4% of patients, and for
patients without 1q21 gain, the responses were CR 34.0%
and VGPR 33.0%. No significant differences in response were
observed between the groups (p = .079).

Survival
With a median follow-up of 23.8 months (range, 0.5–129.5
months), the median PFS estimated by the Kaplan-Meier
method was 39.4 months for the group of 343 patients with-
out 1q21 gain and 28.6 months for the group of 222 patients
with 1q21 gain (p < .001; Fig. 1). Multivariate analysis was
performed for the following six covariates: ISS stage, LDH
level, 1q21 gain, t(14;16), del(17p), and t(4;14) (Table 3). The
data confirmed 1q21 gain as being independently associated
with shorter PFS (p = .042); 114 (20.2%) patients died by the
time the final analysis was performed. The median OS

Table 1. Patient characteristics

Characteristics

Number of patients,
n (%) or median
(range)

Sex, n (%)

Male 325 (57.5)

Female 240 (42.5)

Age, median (range), years 59 (30–85)

Monoclonal protein type, n (%)

IgG 291 (51.5)

IgA 118 (20.9)

IgD 17 (3.0)

Light chain disease 132 (23.4)

Others 7 (1.2)

ISS stage, n (%)

I 143 (25.3)

II 195 (34.5)

III 227 (40.2)

Hemoglobin, median (range), g/L 89.0 (31.9–169.0)

Lactate dehydrogenase,
median (range), U/L

172.0 (70.0–1,356.0)

Bone marrow plasmacytosis,
median (range), %

26 (2–95)

Renal function stage, n (%)

A 433 (76.6)

B 132 (23.4)

First-line therapy, n (%)

Conventional 60 (10.6)

Immunomodulator-based 73 (12.9)

Bortezomib-based 414 (73.3)

VTD or VRD 18 (3.2)

ASCT, n (%)

Yes 169 (29.9)

No 396 (70.1)

Incidence of 1q21 gain, n (%)

All patients 222 (39.3)

Isolated 137 (24.2)

With del(17p) 29 (5.1)

With t(4;14) 58 (10.3)

With t(14;16) 19 (3.4)

Incidence of del(17p), n (%) 59 (10.4)

Incidence of t(4;14), n (%) 88 (15.6)

Incidence of t(14;16), n (%) 21 (3.7)

Abbreviations: ASCT, autologous stem cell transplantation; ISS, Inter-
national Scoring System; VRD, bortezomib, lenalidomide, and dexa-
methasone; VTD, bortezomib, thalidomide, and dexamethasone.
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estimated by the Kaplan-Meier method for the total group
of 565 patients was 42.3 months. The median OS was not
reached for the group of 343 patients without 1q21 gain and

was 53.0 months for the group of 222 patients with 1q21
gain (p < .001; Fig. 1). Similar to PFS, multivariate analysis
was performed for the following five covariates: ISS stage,

Table 2. Baseline clinical and biological characteristics of the analyzed patients with multiple myeloma

Characteristics
1q21 gain-positive
(n = 222), n (%)

1q21 gain-negative
(n = 343), n (%) p value

Sex .565

Male 131 (59.0) 194 (56.6)

Female 91 (41.0) 149 (43.3)

Age .551

>65 years 58 (26.1) 82 (23.9)

≤65 years 164 (73.9) 261 (76.1)

Monoclonal protein type .429

IgG 116 (52.3) 175 (51.0)

IgA 53 (23.9) 65 (19.0)

IgD 5 (2.3) 12 (3.5)

Light chain disease 45 (20.3) 87 (25.4)

Other 3 (1.4) 4 (1.2)

ISS stage <.001

I 37 (16.7) 106 (30.9)

II–III 185 (83.3) 237 (69.1)

Bone marrow plasmacytosis, mean (range), % 33 (2–92) 24 (2–95) <.001

Renal function stage .664

A 168 (75.7) 265 (77.3)

B 54 (24.3) 78 (22.7)

Hemoglobin .006

>100 g/L 60 (27.0) 131 (38.2)

≤100 g/L 162 (73.0) 212 (61.8)

Lactate dehydrogenase .002

>300 U/L 35 (15.8) 26 (7.6)

≤300 U/L 187 (84.2) 317 (92.4)

Calcium .623

>2.8 μmol/L 31 (14.0) 43 (12.5)

≤2.8 μmol/L 191 (86.0) 300 (87.5)

HBsAg .409

Negative 212 (95.5) 322 (93.9)

Positive 10 (4.5) 21 (6.1)

High-risk cytogenetic abnormalities
(del(17p), t(4;14), or t(14;16))

<.001

Negative 137 (61.7) 286 (83.4)

Positive 85 (38.3) 57 (16.6)

Induction .369

Bortezomib-based 156 (70.3) 258 (75.2)

Immunomodulator-based 35 (15.8) 38 (11.1)

Conventional 25 (11.3) 35 (10.2)

VTD or VRD 6 (2.7) 12 (3.5)

ASCT .077

Yes 57 (25.7) 112 (32.7)

No 165 (74.3) 231 (67.3)

Abbreviations: ASCT, autologous stem cell transplantation; HBsAg, hepatitis B surface antigen; ISS, International Scoring System; VRD,
bortezomib, lenalidomide, and dexamethasone; VTD, bortezomib, thalidomide, and dexamethasone.
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LDH level, 1q21 gain, del(17p), and t(4;14). Among these fac-
tors, 1q21 gain was significantly associated with OS by multi-
variate analysis (p = .007; Table 3).

Further investigation of the impact of copy number varia-
tion on survival indicated that the median PFS times of patients
who had three, four, or at least five copies of 1q21 were
30.0 months, 26.0 months, and 21.1 months, respectively. The
median OS of patients who had three copies of 1q21 was
53.0 months, whereas the OS times of patients with four copies
or at least five copies were not obtained; no statistically signifi-
cant differences were found (PFS, p = .750; OS, p = .745; Fig. 2).
When the patients with four and at least five copies were ana-
lyzed as a whole, as one group of patients with at least four
copies, patients with at least four copies of 1q21 also exhibited
a comparable PFS (21.1 months vs. 30.0 months, p = .673) and
OS (not reached vs. 53.0 months, p = .800),compared with
patients harboring three copies of 1q21.

Prognostic Value of 1q21 Gain in Combination with
Other High-Risk Factors
The median PFS for patients with 1q21 gain without other
high-risk factors was 52.0 months and that for patients with-
out 1q21 gain or other high-risk factors was 52.8 months

(p = .810). Patients with 1q21 gain and high-risk cytogenetic
abnormalities had a median PFS of 14.0 months, and
patients without 1q21 gain or high-risk cytogenetic abnor-
malities had a median PFS of 23.5 months (p = .108); the
difference was not statistically significant. The presence of
high-risk cytogenetic abnormalities both with and without
1q21 gain resulted in shorter PFS than the presence of 1q21
gain without other high-risk factors (p = .001 and p = .011,
respectively). Similar to PFS, the median OS was not reached
either for patients with 1q21 gain without other high-risk
factors or for patients without 1q21 gain without other high-
risk factors (not reached vs. not reached, p = .833). Patients
with 1q21 gain with high-risk cytogenetic abnormalities had
a median OS of 59.3 months, and patients without 1q21 gain
with high-risk cytogenetic abnormalities had a median OS of
36.6 months (p = .117); the difference was not statistically
significant. Additionally, the presence of high-risk cytogenetic
abnormalities both with and without 1q21 gain resulted in
shorter OS than the presence of 1q21 gain without other
high-risk factors (p = .002 and p = .015, respectively).

Similar results were observed for LDH levels. Patients
with 1q21 gain with LDH levels >300 U/L had a median PFS
of 20.0 months, and patients without 1q21 gain with LDH
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Figure 1. Impact of 1q21 gain on survival after induction therapy. (A): Progression-free survival. (B): Overall survival.
Abbreviations: OS, overall survival; PFS, progression-free survival.

Table 3. Univariate and multivariate analyses of PFS and OS from induction

Covariates

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

PFS

ISS stage II–III disease 1.609 (1.168–2.216) .004 1.413 (1.019–1.959) .038

LDH level >300 U/L 1.833 (1.231–2.729) .003 1.774 (1.180–2.668) .006

With 1q21 gain 1.672 (1.282–2.183) <.001 1.342 (1.010–1.783) .042

With t(4;14) 2.222 (1.595–3.096) <.001 1.795 (1.259–2.558) .001

With t(14;16) 1.992 (1.082–3.663) .045 1.264 (0.672–2.381) .466

With del(17p) 2.469 (1.686–3.610) <.001 2.092 (1.410–3.106) <.001

OS

ISS stage II–III disease 1.584 (1.012–2.481) .044 1.288 (0.813–2.040) .280

LDH level >300 U/L 2.379 (1.450–3.905) .001 2.068 (1.243–3.442) .005

With 1q21 gain 2.119 (1.462–3.067) <.001 1.721 (1.163–2.551) .007

With t(4;14) 2.283 (1.443–3.610) <.001 1.613 (0.982–2.646) .059

With del(17p) 3.125 (1.953–5.025) <.001 1.065 (1.555–4.167) <.001

Abbreviations: CI, confidence interval; HR, hazard ratio; ISS, International Scoring System; LDH, lactate dehydrogenase; OS, overall survival;
PFS, progression-free survival.
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levels >300 U/L had a median PFS of 29.0 months (p = .415);
the difference was not statistically significant. The presence
of LDH levels >300 U/L both with and without 1q21 gain

resulted in shorter PFS than the presence of 1q21 gain with-
out other high-risk factors (p = .014 and p = .038, respec-
tively). Furthermore, patients with 1q21 gain with LDH levels
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Figure 2. PFS and OS among patients with newly diagnosed multiple myeloma plotted against copy numbers of 1q21.
(A): Progression-free survival. (B): Overall survival. No difference was seen among patients with three, four, or at least five copies of
1q21. Patients with three, four, or at least five copies of 1q21 resulted in shorter PFS and OS than the patients without 1q21 gain.
Abbreviations: OS, overall survival; PFS, progression-free survival.
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Figure 3. Impact of 1q21 gain accompanying other high-risk factors on PFS and OS in patients with multiple myeloma (MM). The
differences in the median PFS (52.0 vs. 52.8 months, p = .810) and OS (not reached vs. not reached, p = .833) between 1q21 gain-
positive and 1q21 gain-negative patients without Hrisk were not statistically significant. (A–B): Impact of 1q21 gain accompanying
HFISH on PFS and OS in patients with MM. (C–D): Impact of 1q21 gain accompanying LDH levels >300 U/L on PFS and OS in patients
with MM. (E–F): Impact of 1q21 gain accompanying ISS stages II–III on PFS and OS in patients with MM.
Abbreviations: HFISH, high-risk cytogenetic abnormalities (del(17p), t(4;14) or t(14;16)); Hrisk, high-risk factors including LDH levels
>300 U/L, ISS stage II–III disease, del(17p), t(4;14) or t(14;16); ISS, International Scoring System; LDH, lactate dehydrogenase;
OS, overall survival; PFS, progression-free survival.
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>300 U/L had a median OS of 25.0 months, and patients
without 1q21 gain with LDH levels >300 U/L had a median
OS of 36.100 months (p = .415); the difference was not sta-
tistically significant. The presence of LDH levels >300 U/L
both with and without 1q21 gain resulted in shorter OS than
the presence of 1q21 gain without other high-risk factors
(p = .003 and p = .019, respectively).

Nevertheless, the presence of ISS stage II–III disease
enhanced the negative effect of 1q21 gain on survival.
Patients with 1q21 gain with ISS stage II–III disease had a
median PFS of 23.9 months, whereas patients without 1q21
gain with ISS stage II–III disease had a median PFS of 32.1
months (p < .001). Patients with ISS stage II–III disease with
1q21 gain also had shorter PFS than patients with or without
1q21 gain in the absence of other high-risk factors (p = .009
and p < .001, respectively). Patients with 1q21 gain with ISS
stage II–III disease had a median OS of 44.9 months, and the
median OS of patients without 1q21 gain was not reached
(p < .001). Moreover, patients with ISS stage II–III disease
with 1q21 gain also had shorter OS than patients with and
without 1q21 gain in the absence of other high-risk factors
(p = .004 and p < .001, respectively; Fig. 3).

Prognostic Value of 1q21 Gain for Different
Treatment Strategies
For patients treated with bortezomib, both PFS and OS in
the presence of 1q21 gain were markedly shorter than those
in the absence of 1q21 gain (PFS 30.0 vs. 43.9 months,
p = .001; OS 57.7 months vs. not reached, p = .002). For
patients treated with regimens not including ASCT, both PFS
and OS in the presence of 1q21 gain were also markedly
shorter than those in the absence of 1q21 gain (PFS 20.0
vs. 29.0 months, p = .001; OS 37.2 months vs. not reached,
p = .001). To evaluate the potential benefit of ASCT, we mea-
sured PFS and OS from the date of transplantation. Median
PFS from ASCT in patients with 1q21 gain was 38.0 months,
and that in patients without 1q21 gain was 52.2 months
(p = .146). Similarly, the median OS from ASCT in patients
with 1q21 gain was 46.1 months, and that in patients with-
out 1q21 gain was 69.5 months (p = .052; Fig. 4).

DISCUSSION

The present analysis, based on a large retrospective study
including 13 centers in China, was performed to evaluate the
prognostic value of 1q21 gain in Chinese patients with NDMM.

In recent years, with continuous advancements in MM
treatment, novel agents such as bortezomib and lenalidomide,
as well as ASCT, are being used in clinical practice. Although the
survival of patients with MM has been significantly prolonged,
MM remains an incurable, heterogeneous malignancy with sur-
vival ranging from a few months to a few decades [21, 22].
Thus, the identification of prognostic factors of MM is very
important. Cytogenetic abnormalities are powerful prognostic
factors in MM. The most important cytogenetic factors indica-
tive of poor prognosis are del(17p), t(4;14), and t(14;16). In
addition, LDH level and ISS stage have been described as
adverse risk factors in MM [4].

One of the most common cytogenetic abnormalities in
MM is 1q21 gain. This abnormality is not specific to MM
and can be found in many hematological malignancies and
solid tumors. However, it is highly prevalent in MM, and its
frequency increases during the course of disease [25]. In
our study, 1q21 gain was observed in 39.3% of patients with
NDMM in a Chinese population, and this result was consis-
tent with other findings [14] in which the incidence of 1q21
gain was 30%–50% of all NDMM cases. Thus, the prognostic
significance of 1q21 gain, one of the most common cytoge-
netic abnormalities, deserves our attention.

The prognostic value of 1q21 gain in MM remains
controversial, with some studies suggesting 1q21 gain as
a major prognostic factor for MM and others showing
the opposite. A long-term analysis of the Intergroupe
Francophone du Myelome 99-02 and 99-04 trials for
myeloma established that cytogenetic abnormalities such
as 1q21 gain play a major role in defining long-term sur-
vival [16]. However, the Mayo Clinic showed that the
importance of this parameter was not retained in multi-
variate analyses [13].

This discrepancy may be explained by the fact that 1q21
gain is frequently accompanied by other classic biological
and genetic prognostic factors. In this study, for the entire
group of 565 patients, the presence of 1q21 gain resulted in
significantly short PFS and OS, and the results of multivari-
ate analysis proved that 1q21 gain was an independent fac-
tor for poor prognosis without subgroup analysis. We also
found that del(17p), t(4;14), t(14;16), ISS stage II–III disease,
and LDH levels >300 U/L were linked to poor outcomes, as
shown for PFS and OS in univariate analyses. After multivar-
iate analysis, del(17), t(4;14), ISS stage II–III disease, and
LDH levels >300 U/L were identified as independent
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Figure 4. Impact of 1q21 gain on survival after ASCT. (A): Progression-free survival. (B): Overall survival.
Abbreviations: ASCT, autologous stem cell transplantation; OS, overall survival; PFS, progression-free survival.
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predictors for adverse PFS. Additionally, del(17), t(4;14),
and LDH levels >300 U/L were identified as independent
predictors for adverse OS.

Various studies have shown associations between 1q21
gain and the presence of other cytogenetic abnormalities
including t(4;14) and del(17p) [26], as well as other markers
of disease burden including beta-2-microglobulin, LDH level,
anemia, bone marrow plasmacytosis, and ISS stage III dis-
ease [18–20]. In the present study, 1q21 gain was also found
to be commonly associated with other high-risk factors.
There were 222 patients with 1q21 gain, and among them,
85 also had other high-risk cytogenetic abnormalities, includ-
ing del(17p), t(4;14), or t(14;16). There was a significant cor-
relation between 1q21 gain and other high-risk cytogenetic
abnormalities. The present study has also shown associa-
tions between 1q21 gain and the presence of other markers
of disease burden, including ISS stage II–III disease, LDH
level, bone marrow plasmacytosis, and hemoglobin level.
We observed that 1q21 gain is frequently associated with
these independent predictors.

Further analysis revealed that in the absence of other
high-risk factors, the differences in PFS (52.0 vs. 52.8 months,
p = .810) and OS (not reached vs. not reached, p = .833)
between patients with and without 1q21 gain were not
statistically significant. In addition, when coexisting with
other high-risk cytogenetic abnormalities (del(17p), t(4;14)
or t(14;16)) or LDH levels >300 U/L, the differences in PFS
and OS between patients with and without 1q21 gain were
not statistically significant. Furthermore, PFS and OS were
significantly shorter in patients with high-risk cytogenetic
abnormalities or increased LDH levels, both with and with-
out 1q21 gain, than in patients with isolated 1q21 gain,
which suggested that most of the prognostic power of 1q21
gain was related to other high-risk cytogenetic abnormali-
ties or increased LDH levels. Additionally, the presence of
ISS stage II–III disease in patients with 1q21 gain signifi-
cantly shortened PFS and OS relative to those in the other
three groups, which suggested that 1q21 gain coexisting
with ISS stage II–III disease can worsen the adverse impact
of ISS stage. Walker et al. [27] reported that patients with
TP53 mutations and ISS stage III with 1q21 gain have a
worse prognosis, which also supported our results. There-
fore, the significance of 1q21 gain for prognosis needs to be
analyzed according to other coexisting high-risk factors.

The impacts of copy number variation of 1q21 on the
survival of MM also remains controversial. Walker et al.
[27] reported that increased copy numbers of 1q21 gains
are inked with adverse outcome in MM. Both gain (three
copies) and amplification (at least four copies) of 1q21
detected by next generation sequencing were associated
with decreased PFS and OS, but the effect was more pro-
nounced in patients with amplification (18-month esti-
mates, gain vs. amplification; PFS: 71 vs. 60%, p = .06; OS:
88 vs. 73%, p = .08). However, a group from Arkansas
reported that patients with more than three copies of
1q21 at the time of diagnosis had similar 5-year event-free
survival and OS times compared with those with three cop-
ies of 1q21 [25]. Our data are in agreement with the conclu-
sion of group from Arkansas: although 1q21 gains were

linked to significantly inferior clinical outcomes in patients,
the copy number variation had no additional prognostic
value. The cause of the difference may be due to inconsis-
tent follow-up and inconsistent testing methods, so further
confirmation should be addressed in the future.

The discrepancy in the prognostic value of 1q21 gain could
also be explained based on the different treatment strategies.
Several research groups have reported that novel treatment
strategies such as bortezomib and ASCT are able to overcome
the unfavorable impact of cytogenetic abnormalities in
patients with MM [21, 22, 28]. At present, no large sample
study in China has estimated the impact of 1q21 gain on prog-
nosis in response to different treatments. In our study, the
response rate of patients with 1q21 gain remained high and
similar to that of patients without 1q21 gain under initial
treatment (p = .079). In the analysis of patients with NDMM
treated with bortezomib, our results showed that patients
with 1q21 gains had shorter PFS and OS than patients without
1q21 gains, suggesting that bortezomib could not overcome
the adverse effect of 1q21 gain on PFS and OS. Similar findings
have been reported by a study from An et al. [29] in which
patients with 1q21 gain hardly benefited from regimens
including bortezomib.

Although the timing of ASCT is currently being studied,
upfront ASCT remains the standard of care for transplant-
eligible patients with MM. When compared with patients
without high-risk cytogenetic abnormalities, patients with
MM with t(4;14) and del(17p) have similar responses but
shorter PFS durations even after hematopoietic cell trans-
plantation in the modern era [30]. Additionally, the adverse
impact of 1q21 gain on the prognosis of patients with MM
not undergoing ASCT has been confirmed by many authors,
consistent with our results [29]. To further evaluate the
potential benefit of ASCT, we measured PFS and OS from the
date of transplantation. In our study, ASCT after bortezomib
induction could change the poor prognosis since the date of
transplantation in patients with MM with 1q21 gain,
although the difference was not the same in all cohorts
[31, 32].

There are several limitations of this study, including its
retrospective nature. Furthermore, we did not compare the
impact of different copy numbers of 1q21 gain. Additionally,
no data are available concerning the role of other novel
agents such as ixazomib or daratumumab in patients with
1q21 gain. We only analyzed the effect of 1q21 gain in
NDMM and did not analyze its effect on relapsed/refractory
myeloma.

CONCLUSION

In summary, although 1q21 gain has an adverse effect on
survival, it is generally associated with other high-risk factors.
In the absence of other high-risk factors, isolated 1q21 gain
loses its prognostic power, and most of the prognostic power
of 1q21 gain is related to the presence of other high-risk
cytogenetic abnormalities or increased LDH levels. However,
the presence of 1q21 gain with ISS stage II–III disease can
worsen the adverse impact of ISS stage. Furthermore, ASCT
can overcome the adverse effect of 1q21 gain on prognosis.
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Our results also showed the presence of heterogeneity and
variability among patients with 1q21 gain. Thus, we should
assess the impact of 1q21 gain on prognosis according to
different treatment regimens and accompanying high-risk
factors.

ACKNOWLEDGMENTS

The authors would like to thank the participating centers and
members. This study was funded by the Guangdong Natural
Science Foundation (2016A030313197) and the 5010 Clinical
Research Project of Sun Yat-sen University (2017005).

AUTHOR CONTRIBUTIONS
Conception/design: Xiaozhe Li, Juan Li
Provision of study material or patients: Wenming Chen, Yin Wu, Jianyong
Li, Lijuan Chen, Baijun Fang, Ying Feng

Collection and/or assembly of data: Junru Liu, Meilan Chen
Data analysis and interpretation: Jingli Gu, Beihui Huang
Manuscript writing: Xiaozhe Li, Juan Li
Final approval of manuscript: Xiaozhe Li, Wenming Chen, Jianyong Li, Lijuan
Chen, Baijun Fang, Ying Feng, Junru Liu, Meilan Chen, Jingli Gu, Beihui
Huang, Juan Li

DISCLOSURES

The authors indicated no financial relationships.

REFERENCES

1. Bataille R, Harousseau JL. Multiple myeloma.
N Engl J Med 1997;336:1657–1664.

2. Dewald GW, Kyle RA, Hicks GA et al. The clini-
cal significance of cytogenetic studies in
100 patients with multiple myeloma, plasma cell
leukemia, or amyloidosis. Blood 1985;66:380–390.

3. Greipp PR, Miguel JS, Durie BG et al. Interna-
tional staging system for multiple myeloma. J Clin
Oncol 2005;23:3412–3420.

4. Mikhael JR, Dingli D, Roy V et al. Manage-
ment of newly diagnosed symptomatic multiple
myeloma: Updated Mayo stratification of mye-
loma and risk-adapted therapy (mSMART) con-
sensus guidelines 2013. Mayo Clin Proc 2013;88:
360–376.

5. Drach J, Ackermann J, Fritz E et al. Presence of
a p53 gene deletion in patients with multiple mye-
loma predicts for short survival after conventional-
dose chemotherapy. Blood 1998;92:802–809.

6. Fonseca R, Blood E, Rue M et al. Clinical and
biologic implications of recurrent genomic aber-
rations in myeloma. Blood 2003;101:4569–4575.

7. Terpos E, Eleutherakis-Papaiakovou V,
Dimopoulos MA. Clinical implications of chromo-
somal abnormalities in multiple myeloma. Leuk
Lymphoma 2006;47:803–814.

8. Morgan GJ, Walker BA, Davies FE. The
genetic architecture of multiple myeloma. Nat
Rev Cancer 2012;12:335–348.

9. Lim AS, Krishnan S, Lim TH et al. Amplifica-
tion of 1q21 and other abnormalities in multiple
myeloma patients from a tertiary hospital in Sin-
gapore. Indian J Hematol Blood Transfus 2014;
30:253–258.

10. Byun JM, Shin DY, Hong J et al. Distinct predic-
tive impact of FISH abnormality in proteasome
inhibitors and immunomodulatory agents response:
Redefining high-risk multiple myeloma in Asian
patients. Cancer Med 2018;7:831–841.

11. Shaughnessy JD, Zhan F, Burington BE et al. A
validated gene expression model of high-risk mul-
tiple myeloma is defined by deregulated expres-
sion of genes mapping to chromosome 1. Blood
2007;109:2276–2284.

12. Lai YY, Huang XJ, Cai Z et al. Prognostic
power of abnormal cytogenetics for multiple
myeloma: A multicenter study in China. Chin
Med J (Engl) 2012;125:2663–2670.

13. Fonseca R, Van Wier SA, Chng WJ et al.
Prognostic value of chromosome 1q21 gain by

fluorescent in situ hybridization and increase
CKS1B expression in myeloma. Leukemia 2006;
20:2034–2040.

14. Sawyer JR, Waldron JA, Jagannath S et al.
Cytogenetic findings in 200 patients with multi-
ple myeloma. Cancer Genet Cytogenet 1995;82:
41–49.

15. Rasche L, Angtuaco EJ, Alpe TL et al. The
presence of large focal lesions is a strong inde-
pendent prognostic factor in multiple myeloma.
Blood 2018;132:59-66.

16. Avet-Loiseau H, Attal M, Campion L et al.
Long-term analysis of the IFM 99 trials for mye-
loma: Cytogenetic abnormalities [t(4;14), del(17p),
1q gains] play a major role in defining long-term
survival. J Clin Oncol 2012;30:1949–1952.

17. Shaughnessy JD, Haessler J, van Rhee F
et al. Testing standard and genetic parameters in
220 patients with multiple myeloma with com-
plete data sets: Superiority of molecular genet-
ics. Br J Haematol 2007;137:530–536.

18. Avet-Loiseau H, Attal M, Moreau P et al.
Genetic abnormalities and survival in multiple mye-
loma: The experience of the Intergroupe Franco-
phone du Myelome. Blood 2007;109:3489–3495.

19. Wu KL, Beverloo B, Lokhorst HM et al.
Abnormalities of chromosome 1p/q are highly
associated with chromosome 13/13q deletions
and are an adverse prognostic factor for the out-
come of high-dose chemotherapy in patients
with multiple myeloma. Br J Haematol 2007;136:
615–623.

20. Bang SM, Kim YR, Cho HI et al. Identification
of 13q deletion, trisomy 1q, and IgH re-
arrangement as the most frequent chromosomal
changes found in Korean patients with multiple
myeloma. Cancer Genet Cytogenet 2006;168:
124–132.

21. Neben K, Lokhorst HM, Jauch A et al. Admin-
istration of bortezomib before and after autolo-
gous stem cell transplantation improves outcome
in multiple myeloma patients with deletion 17p.
Blood 2012;119:940–948.

22. Avet-Loiseau H, Leleu X, Roussel M et al.
Bortezomib plus dexamethasone induction
improves outcome of patients with t(4;14) mye-
loma but not outcome of patients with del(17p).
J Clin Oncol 2010;28:4630–4634.

23. Ross FM, Avet-Loiseau H, Ameye G et al.
Report from the European Myeloma Network on

interphase FISH in multiple myeloma and related
disorders. Haematologica 2012;97:1272–1277.

24. Kumar S, Paiva B, Anderson KC et al. Interna-
tional myeloma working group consensus criteria
for response and minimal residual disease assess-
ment in multiple myeloma. Lancet Oncol 2016;17:
e328–e346.

25. Hanamura I, Stewart JP, Huang Y et al. Fre-
quent gain of chromosome band 1q21 in plasma-
cell dyscrasias detected by fluorescence in situ
hybridization: Incidence increases from MGUS to
relapsed myeloma and is related to prognosis
and disease progression following tandem stem-
cell transplantation. Blood 2006;108:1724–1732.

26. Bock F, Lu G, Srour SA et al. Outcome of
patients with multiple myeloma and CKS1B gene
amplification after autologous hematopoietic stem
cell transplantation. Biol Blood Marrow Transplant
2016;22:2159–2164.

27. Walker BA, Mavrommatis K, Wardell CP
et al. A high-risk, double-hit, group of newly
diagnosed myeloma identified by genomic analy-
sis. Leukemia 2019;33:159–170.

28. Kumar SK, Rajkumar SV, Dispenzieri A
et al. Improved survival in multiple myeloma
and the impact of novel therapies. Blood
2008;111:2516–2520.

29. An G, Xu Y, Shi L et al. Chromosome 1q21
gains confer inferior outcomes in multiple myeloma
treated with bortezomib but copy number variation
and percentage of plasma cells involved have no
additional prognostic value. Haematologica 2014;
99:353–359.

30. Kazmi SM, Nusrat M, Gunaydin H et al. Out-
comes among high-risk and standard-risk multi-
ple myeloma patients treated with high-dose
chemotherapy and autologous hematopoietic
stem-cell transplantation. Clin Lymphoma Mye-
loma Leuk 2015;15:687–693.

31. Chang H, Qi X, Trieu Y et al. Multiple myeloma
patients with CKS1B gene amplification have a
shorter progression-free survival post-autologous
stem cell transplantation. Br J Haematol 2006;135:
486–491.

32. Shah GL, Landau H, Londono D et al. Gain
of chromosome 1q portends worse prognosis in
multiple myeloma despite novel agent-based
induction regimens and autologous transplanta-
tion. Leuk Lymphoma 2017;58:1823–1831.

© 2019 The Authors.
The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.

1q21 Gain Is a Heterogeneous Prognostic Factore1140


	 1q21 Gain Combined with High-Risk Factors Is a Heterogeneous Prognostic Factor in Newly Diagnosed Multiple Myeloma: A Mult...
	Introduction
	Materials and Methods
	Patients
	Fluorescence in Situ Hybridization
	Response Evaluation
	Statistical Analysis

	Results
	Patient Characteristics
	Association Between 1q21 Gain and Clinical and Genetic Parameters
	Response to Treatment
	Survival
	Prognostic Value of 1q21 Gain in Combination with Other High-Risk Factors
	Prognostic Value of 1q21 Gain for Different Treatment Strategies

	Discussion
	Conclusion
	Acknowledgments
	Author Contributions
	Disclosures
	References


