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Summary
Objectives This study aimed to investigate the clini-
cal characteristics and prognostic impact of 1q21 gain
in patients with newly diagnosed multiple myeloma
(MM).
Methods This was a retrospective study of 197 pa-
tients with newly diagnosed MM. Fluorescence in situ
hybridization was performed to detect six cytoge-
netic abnormalities: gain(1q21), del(17p), del(13q14),
t(4;14), t(14;16), and t(11;14).
Results We showed that 57.8% of patients with MM
had 1q21 gain. The patients with 1q21 gain had
lower IgM (0.39 vs 1.14g/L, P= 0.037) and higher
platelet count (177.62109/l vs 148.29109/l, P= 0.018)
than those without 1q21 gain, and were more likely
to be accompanied by del(13q14) (P<0.001) or t(4;14)
(P= 0.017).
Conclusions We showed that 1q21 gain was associated
with del(13q14) and t(4;14) increase, but it had no ef-
fect on prognosis of patients with newly diagnosed
MM.
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Introduction

Multiple myeloma (MM) is a malignant B-cell disor-
der characterized by heterogeneous cytogenetic ab-
normalities, resulting in a wide heterogeneity in sur-
vival outcomes [1, 2]. Although treatment strategies
for MM have improved in the last decade, it remains
an incurable disease.

Karyotypes of malignant plasma cells are typically
complex, containing numerous numerical and struc-
tural defects, including chromosomal translocations,
deletions, duplications, and genetic mutations [3].
Detection of several cytogenetic abnormalities by in-
terphase fluorescence in situ hybridization (FISH) is
an important method for risk stratification. 1q21 gain
is one of the most common cytogenetic abnormali-
ties in MM [4]. About 30–50% of patients with newly
diagnosed MM were positive for 1q21 gain [5, 6].
Previous studies have identified that some of the cy-
togenetic abnormalities largely determine the clinical
heterogeneity of MM. Based on general consensus,
hyperdiploidy, t(11;14), and a normal karyotype are
standard-risk factors with a favorable prognosis, while
t(4;14), t(14;16), and del(17p) are high-risk factors
with an adverse prognosis [7–10]. However, within
these cytogenetic abnormalities, the clinical prognos-
tic value of 1q21 gain has been controversial. The
prognostic significance of 1q21 gain in MM patients
is always heterogeneous.

In this retrospective single-center study, we aimed
to clarify the prognostic significance and the clinical
features of 1q21 gain in patients with newly diagnosed
MM.

Materials and methods

This retrospective study included 197 patients with
newly diagnosed MM between August 2017 and Au-
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Table 1 Clinical characteristics of multiple myeloma (MM) patients grouped by 1q21 gain or not
Clinical characteristics Total 1q21 Gain (–) 1q21 Gain (+) p value

N (%) 197 83 114 –

Age, mean (range) 66.5 (48–83) 71 (53–83) 56 (48–80) 0.659

Sex (%) – – – 0.12

Male 118 (59.8) 55 (66.3) 63 (55.3) –

Female 79 (40.1) 28 (33.8) 51 (44.7) –

ISS (%) – – – 0.62

I 40 (20.3) 19 (22.6) 21 (18.3) –

II 66(33.5) 29(34.6) 38(32.2) –

III 91(45.7) 36(41.7) 56(47.8) –

DS (%) – – – 0.488

IA 6 (3) 4 (4.8) 2 (1.8) –

IIA 48 (24.4) 23 (27.7) 26 (22.8) –

IIB 5 (2.5) 2 (2.4) 3 (2.6) –

IIIA 92 (46.7) 32 (38.6) 60 (52.6) –

IIIB 44 (22.3) 22 (26.5) 23 (20.2) –

WBC 6.02 (0.89–52.17) 6.15 (2.21–21.3) 5.93 (0.89–52.1) 0.448

Hemoglobin (g/L), mean (range) 87.5 (34–167) 89.9 (34–166) 86.5 (38–167) 0.381

PLT (109/L), mean (range) 160.39 (18–476) 177.62 (36–476) 148.29 (13–429) 0.018*

Globulin (g/L), mean (range) 55.91 (13.5–137.6) 50.06 (15.1–103.0) 60.01 (13.5–137) 0.025*

Albumin (g/L), mean (range) 35.1 (17.0–55.0) 34.6 (17.0–55.0) 36.0 (17.4–51.0) 0.076

IgM (g/L), mean (range) 0.69 (0.05–35.4) 1.14 (0.05–35.4) 0.39 (0.05–5.18) 0.037*

IgA (g/L), mean (range) 8.77(0.7–83) 6.02(0.98–73.28) 7.21(1.2–83) 0.989

IgG (g/L), mean (range) 30.93(1.35–133) 28.13(2.04–133) 32.77(1.35–129.48) 0.516

Scr (μmol/L), mean (range) 159.9(39–1155) 173.3(39–1155) 136.2(40–653) 0.444

Ca2+ (mmol/L), mean (range) 2.45(1.52–15.6) 2.4(1.52–7.39) 2.4(1.5–15.6) 0.565

Serum b2-MG (mg/L), mean (range) 9.42 (0.39–57.7) 9.7 (0.39–57.7) 8.17 (1.36–46.5) 0.534

Lactate dehydrogenase (U/L), mean (range) 203 (54–659) 186.3 (55–612) 218 (64.8–659) 0.388

*Means P< 0.05

gust 2019. All results of clinical tests during hospi-
talization were collected and analyzed through our
electronic medical record system after the patients
or their agents gave signed informed consent. The
diagnosis of MM patients complied with the updated
International Myeloma Working Group (IMWG) di-
agnostic criteria of 2014. For patients with newly
diagnosed MM, we performed routine blood tests;
liver and kidney function tests (including lactate de-
hydrogenase [LDH]); measurement of electrolytes,
serum β2-microglobulin, serum free light chain,
and serum immunoglobulins; serum immunofixa-
tion electrophoresis; light chain quantification; gen-
eral X-ray plain radiography and positron emission
tomography/computed tomography; bone marrow
cytology smears and bone marrow biopsies; immuno-
histochemical staining; flow cytometry; and FISH de-
tection of t(4;14)(FGFR3/IGH), t(11;14)(MYEOV/IGH),
t(14;16)(MAF/IGH), 1q21 gain(CKS1B), del(17p)(TP53)
and del(13q14)(FKHR). Durie-Salmon and Interna-
tional Staging System (ISS) stages were also evalu-
ated. Selection criteria included: (1) received more
than 4 cycles of chemotherapy, all patients were
mainly treated with bortezomib and or thalidomide
and dexamethasone as the main drug treatment plan,

and consolidation and maintenance treatment after
4 courses of induction treatment; (2) did not receive
stem cell transplantation (SCT).

Statistical analysis

The categorical clinical characteristics and cytogenet-
ics were summarized as percentages, and continuous
clinical characteristics were described as median and
range. The Χ2 test or two-sided Fisher’s exact test
was used to compare categorical clinical character-
istics and cytogenetics between the groups. Overall
survival (OS) was defined as the interval from ini-
tiation of therapy to death from any cause. The
Kaplan–Meier method was used to plot the survival
curves, with the log-rank test to assess the differences.
SPSS version 22.0 (IBM Inc., Chicago, IL, USA) was
used for all statistical analyses. Statistical significance
was reached if the P value was <0.05. When there
are significant confounding factors, both single-factor
and multifactor analysis must be used, and the single
factor with significant borderline significance (P< 0.2)
of the analysis result is selected for multifactor regres-
sion model (Cox regression model) analysis.
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Fig. 1 Effects of 1q21 gain on survival. There is no significant
difference in survival time between the groups with 1q21 gain
and without 1q21 gain

Results

The final follow-up date was 30 December 2020,
and the median follow-up time was 28.2 months
(range 2–47 months). Among the 197 patients with
newly diagnosed MM, 1q21 gain was detected in 114
(57.8%). Platelet count and IgM were associated with
1q21 gain. Compared with patients without 1q21
gain, patients with 1q21 gain tended to have lower
IgM concentration (0.39 vs 1.14g/L, P=0.037). The
platelet count of patients with 1q21 gain was higher
than that in patients without 1q21 gain (177.62× 109

vs 148.29× 109/l, P= 0.018). Total globulin was higher
in patients with 1q21 gain than in those without 1q21
gain (60.01 vs 50.06g/l, P=0.025). There were no sig-
nificant differences between patients with or without
1q21 gain for white blood cell count, hemoglobin,
age, gender, Durie-Salmon stage, International Stag-
ing System stage, calcium, LDH, serum creatinine,
albumin, and β2-microglobulin (P> 0.05) (Table 1).

We also analyzed the combined effects of 1q21 gain
and other cytogenetic abnormalities on patient out-
comes. For the routine risk stratification mentioned
above, del(17p), t(4;14), and t(14;16) were considered
as high-risk cytogenetic factors in the following anal-
ysis. Patients were divided into two groups accord-
ing to 1q21 gain. OS did not differ significantly be-
tween the two groups (P>0.05) (Fig. 1). Patients with
1q21 gain were more likely to be accompanied by
del(13q14) (P<0.001) or t(4;14) (P=0.017) (Table 2).
The most commonly combined genetic abnormality
was del(13q14), which was found in 66.7% of patients
with 1q21 gain.

Table 2 Correlation of 1q21 gain with other cytogenetic
abnormalities in multiple myeloma (MM)

1q21 Gain (–) 1q21 Gain (+) p value

del (17p) (%) 9/83 (10.8) 9/114 (7.9) 0.478

del (13q14) (%) 30/83 (36.1) 76/114 (66.7) <0.001*

t (11;14) (%) 13/83 (15.6) 14/114 (12.3) 0.567

t (4;14) (%) 25/83 (30.1) 54/114 (47.4) 0.015*

t (14;16) (%) 1/83 (1.2) 4/114 (3.5) 0.672

*Means P< 0.05,

Discussion

This was a retrospective study of all MM patients
treated in our hematological center. FISH analysis
has been a routine detection method in newly diag-
nosed MM patients, whereas the prognostic role of
1q21 gain has been controversial. Many studies have
found that 1q21 gain is one of the most frequent chro-
mosomal aberrations in MM, with an occurrence rate
of 30–50% [11, 12]. Therefore, it is necessary to study
the biological characteristics and prognostic effects of
1q21 gain. In our study, 1q21 gain was identified in
57.8% of 197 patients, which is more than in previous
studies. 1q21 gain was classified into the standard-
risk category by IMWG consensus in 2014, whereas
a low-risk classification must meet the criterion of ab-
sence of 1q21 gain [13]. Although 1q21 gain was not
specially mentioned and was considered as standard
risk in the 2013 Mayo mSMART consensus [14], Mayo
mSMART 3.0 presented at the 2018 American Society
of Hematology meeting classified 1q21 gain into the
high-risk group. Therefore, opinions on the influence
of 1q21 gain on prognosis are not consistent. One
reason is addition to different treatment strategies,
and another important reason is that the coexistence
of other cytogenetic characteristics affects patients’
outcomes. According to our data, patients with 1q21
gain had a higher incidence of del(13q14), t(4;14)
than those without 1q21 gain, which supports the
unfavorable biological characteristics of 1q21 gain
from another aspect. Some previous studies have
also reported the association between 1q21 gain and
other cytogenetic characteristics [11, 15]. However,
for patients with 1q21 gain, even with high-risk ge-
netic abnormalities, there is no difference in survival
time compared with patients without high-risk cyto-
genetics. This indicates that 1q21 gain combined with
other cytogenetic abnormalities does not affect the
prognosis of patients with high-risk genetics.

Another meaningful discovery was the clinical
characteristics with 1q21 gain. Previous studies have
shown that 1q21 gain is closely related to biological
markers representative of tumor burden, such as β2-
microglobulin, LDH, severe anemia, and advanced
ISS stage [16, 17]. In our retrospective study, we did
not find similar differences between the two groups
of patients. Patients with 1q21 gain had lower levels
of IgM and higher total globulin compared with those
without 1q21 gain. The correlation between differ-
ent IgM and 1q21 gain has rarely been reported. We
found that patients with 1q21 gain had higher platelet
count than those without 1q21 gain, which may have
been due to their biological characteristics.

As a retrospective study, there were some limita-
tions that should be considered. One major limitation
was that only a small number of patients were eval-
uated. Therefore, it is difficult to determine whether
1q21 gain occurred as an additional increase in copy
number, or was amplified more than the background
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chromosomal gains. Further follow-up and larger
prospective studies are needed to verify the results.

In summary, MM patients with 1q21 gain were
characterized by lower IgM and higher platelet count
than those without 1q21 gain, and were more likely
to have accompanying del(13q14), t(4;14). 1q21 gain
had no significant effect on OS in MM patients.
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