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Multiple myeloma is cytogenetically heterogeneous and a hyperdiploid karyotype is considered currently to have
standard risk. In this study, we investigated the clinical impact of additional–structural–chromosomal aberrations
assessed by chromosome analysis in 284 patients with a hyperdiploid karyotype that were subdivided into four
groups based on the complexity of additional–structural–chromosomal aberrations: group 1, no additional–
structural–chromosomal aberrations (n= 35); group 2, one additional–structural–chromosomal aberration
(n= 46); group 3, two additional–structural–chromosomal aberrations (n= 39); group 4, ≥ three additional–
structural–chromosomal aberrations (n= 164). Clinicopathological data among these groups showed no
differences, except patients in group 1 had higher hemoglobin (P= 0.031) and albumin (P= 0.045) levels. The
median follow-up was 55 months (range, 3–221). The median overall survival of patients in groups 1–4 was
negatively correlated with the number of the additional–structural–chromosomal aberrations: 98, 76, 61, and
48 months, respectively (Po0.0001). In group 4, CKS1B gain, RB1, or TP53 deletions had no additional impact on
overall survival; however, trisomy 3 or 15 conferred a much better overall survival, and monosomy 13 and 14
predicted a worse outcome. In addition, the overall survival of patients in groups 3 and 4 was similar to a subset
of high-risk multiple myeloma cases (n= 21) (P= 0.387). About 192 (67.6%) patients who received stem cell
transplantation did not show improved overall survival compared with non-stem cell transplantation patients
(n= 92; P= 0.142) overall; however, they did show significantly improved overall survival in patients with
refractory disease in group 4 (P= 0.0084). Multivariate analysis showed that two or more additional–structural–
chromosomal aberrations (Po0.0001), stages (P= 0.02 and P=0.002) and relapsed disease (P= 0.009)
negatively impacted the overall survival. We conclude that hyperdiploid karyotypes in multiple myeloma
are associated with additional–structural–chromosomal aberrations and a greater number of additional–
structural–chromosomal aberrations predicts poorer clinical outcome. A hyperdiploid karyotype with ≥2
additional–structural–chromosomal aberrations at chromosomal level should be considered an independent
high-risk factor.
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Multiple myeloma is a neoplasm of plasma cells that is
heterogeneous at the clinicopathological and genetic/
genomic levels. Patients can have an overall survival
that ranges from months to many years. Cytogenetics
has emerged as an important tool to stratify multiple
myeloma patients and to facilitate a precision medicine
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approach.1 Several recurrent cytogenetic abnormalities
are known to impact patient outcome. Adverse prog-
nostic findings include t(4;14)/FGFR3/MMSET-IGH or t
(14;16)/MAF-IGH and deletion of chromosome 17p13/
TP53.2 RB1 deletion and t(11;14)/MYEOV/CCND1-IGH
do not have independent prognostic value,3 whereas a
hyperdiploid karyotype, defined as gains of at least two
odd chromosomes, is reported to predict a better
outcome.4 Hypodiploidy, defined as chromosome
number count o44, or a complex karyotype, defined
as the presence of three or more chromosomal
aberrations commonly involving both numerical and
structural aberrations with a chromosome count of
44–47, have been described to have a poor prognosis.5
Most of these cytogenetic subgroups can be easily
identified by traditional chromosome analyses when
there are dividing plasma cells. However, in clinical
practice, most often the plasma cells are non-dividing6
and therefore, detection of recurrent cytogenetic aberra-
tions largely has relied on interphase fluorescence
in situ hybridization (FISH), especially on CD138-
enriched plasma cells,7–9 to yield a higher detection
rate.10 However, FISH-based testing cannot fully
capture tumor heterogeneity as this method is focused
on specific loci instead of being a genome-wide
assessment.11 Therefore, integrated chromosome and
FISH analyses have been utilized in clinical practice.
Recent advances in technology have shown a much
improved analytic resolution at the genomic level.12

To better predict the prognosis of multiple mye-
loma patients, the International Myeloma Working
Group established an International Staging System
that integrates clinical and laboratory parameters to
assess patient risk as a part of clinical management.
Most recently, the Revised International Staging
System introduced in 2015 incorporated high serum
lactate dehydrogenase level and chromosomal
abnormalities for a more accurate risk stratification,
by including translocations t(4;14)/FRFR3/MMSET-
IGH or t(14;16)/MAF-IGH and deletion of chromo-
some 17p13/TP53 that are usually detected by
interphase FISH in high-risk groups. With this
update, the Revised International Staging System
considered all other recurrent cytogenetic subgroups
as standard-risk groups that are largely not further
characterized.13 However, in the most recently
proposed model of cytogenetic risk stratification by
the International Myeloma Working Group,14 chro-
mosome 1q gain, t(14;20) and non-hyperdiploid
karyotype, and 13q deletion have also been included
as ‘high-risk’. Nevertheless, even within these cyto-
genetically high-risk subgroups, overall survival can
vary greatly depending on the presence of tumor
heterogeneity or genomic complexity.15

A hyperdiploid karyotype is present in ~ 45% of
multiple myeloma cases as assessed by FISH.
Although a hyperdiploid karyotype is known to be
associated with a relatively better outcome, there has
been controversy regarding its clinical impact.16–19
Some studies show that specific trisomies, such as
trisomy 3 or 15, may correlate with a better outcome

and may even overcome some high-risk features.16
Other studies have suggested that a hyperdiploid
karyotype does not modify the prognosis in high-risk
multiple myeloma patients.16 Moreover, within the
hyperdiploid karyotype group, there is a wide
variability in overall survival, which may be attribu-
table heterogeneous additional–structural–chromo-
somal aberrations.16–20

In this study, we retrospectively reviewed the
clinicopathological and cytogenetic/FISH data of all
hyperdiploid karyotype multiple myeloma patients
tested and/or treated at our institution to better
understand and/or to further assess if the number of
additional–structural–chromosomal aberrations in
hyperdiploid karyotype multiple myeloma impacts
patient outcome.

Materials and methods

Patient Inclusion

We retrospectively reviewed the cytogenetic data for
all multiple myeloma patients diagnosed and/or
treated at The University of Texas MD Anderson
Cancer Center from January 1998 to December 2014.
All patients with cytogenetic evidence of a hyperdi-
ploid karyotype were included with the exception of
those cases with additional 14q32/IGH that were
analyzed in another study. Clinicopathological, labora-
tory, and clinical data were also reviewed. The study
was approved by the Institutional Review Board.

Cytogenetic and Fluorescence In Situ Hybridization
Analyses

Chromosome analysis was performed on unstimu-
lated bone marrow cultures (24 hour and 48 hour)
following standard procedures in the Clinical Cyto-
genetics laboratory. Karyotypes were described
according to the International System for Human
Cytogenetic Nomenclature (ISCN 2009 and 2013). A
hyperdiploid karyotype was defined in this study as
a chromosome count of 48–65 and with a gain of at
least two odd chromosomes. Additional–structural
aberrations include apparent chromosomal translo-
cations, deletions, duplications, additions, inver-
sions, insertions, and marker chromosomes etc at
the level of resolution of conventional cytogenetic
analysis. Interphase FISH studies were conducted on
cultured bone marrow cells using four dual color
FISH probe sets targeting CDKN2C/CKS1B, MYEOV/
CCND1-IGH, RB1/13q34, and TP53/CEN17 (Abbott,
Des Plaines, IL, USA) according to the manufac-
turer’s instructions and laboratory procedures.
At least 200 cells were counted for each probe set.

Statistical Analysis

Statistical analyses were performed with the Graph-
Pad Prism 6 software (GraphPad Software, La Jolla,
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CA, USA). We defined overall survival as the lapse
time between the diagnosis and the death or last
follow-up of the patient. Kaplan–Meier curves for
overall survival were plotted and long-rank test was
applied with a P-value o0.05 being considered as
statistically significant. Multivariate analysis was
performed using SPSS version 9.3 (SPSS Institute,
Chicago, IL, USA).

Results

Clinicopathological Data

A total of 3489 patients with multiple myeloma and
cytogenetic data were reviewed. Of these, 318 (9.1%)
had a hyperdiploid karyotype based on chromosome
analysis and patients (n=34) with additional 14q32/
IGH translocations detected either by FISH or
chromosome analysis were excluded to be analyzed
in another study. To accurately analyze the data, we
divided the remainder 284 patients based on the
number of the additional–structural–chromosomal
aberrations into four groups: group 1 with no addit-
ional–structural–chromosomal aberrations (n=35,
12%), group 2 with one additional–structural–chro-
mosomal aberration (n=46, 16%), group 3 with
two additional–structural–chromosomal aberrations
(n=39, 13%), and group 4 with three or more additi-
onal–structural–chromosomal aberrations (n=164,
59%; Table 1 and Figure 1a). The median follow-
up of these patients was 55 months (range,
3–221 months).

All demographic and laboratory data are summar-
ized in Table 1. The median age was 60 years (range,
36–90), and the male:female ratio was 2. The median
white blood cell count, platelet count, serum
creatinine, beta-2 microglobuline, lactic dehydrogen-
ase, serum calcium, paraprotein level, and bone
marrow plasma cell count did not show significant
differences among all the four groups, except serum
albumin and hemoglobin levels were higher in group
1 (P=0.031 and P=0.045, respectively).

As we excluded all the 14q32/IGH rearranged
cases, we used TP53 deletion as the high-risk
chromosomal abnormality for staging, following the
Revised International Scoring System. The distribu-
tion of stages did not reach significant differences
among the four groups as the following: in group I,
the stages were 33% stage I, 22% stage II, and 45%
stage III; in group 2, stages were 20% stage I, 20% II,
and 60% III; in group 3, 33% stage I, 18% II, and III
49%; and in group 4, 25% stage I, 18% II, and 57%
III. The percentages of patients with newly diag-
nosed vs relapsed and refractory disease at the time
of the cytogenetic analysis were 60% newly diag-
nosed vs 31% relapsed vs 9% refractory in group 1;
65% vs 15% vs 20% in group 2; 51% vs 28% vs 21%
in group 3; and 49% vs 35% vs 16% in group 4,
respectively with no significantly different distribu-
tions observed (Table 2).

Clinical Outcomes among the Four Groups

Almost all (97.9%) patients were diagnosed and/or
treated after 2002 and received standard clinical
management with immunomodulatory drugs and
proteasome inhibitors, followed by stem cell trans-
plantation in many patients.21 During the follow-up
interval, 5 of 35 (14%) patients in group 1, 12 of 46
(26%) in group 2, 13 of 39 (33%) in group 3, and 77
of 164 (47%) patients in group 4 had died with group
4 showing a significantly higher mortality rate
(Po0.0001). Among the newly diagnosed patients
in group 1 (n=21), group 2 (n=30), group 3 (n=20),
and group 4 (n=81), the death rate was 14% (3/21),
33.3% (10/30), 40% (8/20), and 52% (42/81),
respectively (P=0.002) (Supplementary Table 1).

The group 1 had the longest median follow-up of
74 months and the group 4 had the shortest median
follow-up of 42 months (Po0.0001; Table 2). The
median overall survival for patients in group 1 was
98 vs 76 months in group 2 (P=0.119), 61 months in
group 3 (P=0.0004), and 48 months in group 4
(P=0.0003) as shown in Figure 1b and c (Po0.0001).

Table 1 Demographic and laboratory data of all patients in the study

Group 1
N=35

Group 2
N=46

Group 3
N=39

Group 4
N=164 P-value

Age 59 (54–86) 60 (44–90) 58 (38–75) 61 (36–88) 0.916
M:F ratio 2:1 2:1 2:1 2:1
Hb (g/dl) 12.3 (10.3–14.4) 10.5 (6.8–14.9) 10.1 (4.3–14) 10.7 (3.5–15.6) 0.031
WBC (k/Ul) 5.1 (4.3–28) 4.9 (2.5–18.9) 5.0 (1.5–20.9) 5.4 (0.1–19.9) 0.741
Platelets (k/Ul) 235 (167–364) 233 (52–437) 205 (10–529) 200 (16–584) 0.411
Serum Cr (mg/dl) 1.05 (0.8–6.3) 1.0 (0.5–7.6) 0.9 (0.6–10.8) 1.0 (0–9.2) 0.453
Albumin (g/dl) 4.0 (3.5–4.8) 3.7 (2.1–4.9) 3.6 (2.2–4.9) 3.6 (2–5.8) 0.045
B2M (mg/l) 2.95 (2.3–14.6) 5.20 (1.7–48.6) 3.30 (0.7–25.4) 3.7 (0.2–46) 0.079
LDH (IU/l) 483 (380–3746) 495 (7.6–1379) 558 (95–3417) 522 (8.7–6560) 0.297
Serum Ca (mg/dl) 9.30 (9–10.9) 9.35 (7.4–14) 9.20 (6.9–13.4) 9.20 (7.3–12.9) 0.717
Paraprotein (g/dl) 2.4 (0–7.6) 1.9 (0–11.1) 2.8 (0.1–8.6) 2.1 (0.1–10.4) 0.8167
Plasma cells in BM aspirate (%) 40 (30–85) 50 (10–90) 60 (10–95) 50 (5–96) 0.052

Abbreviations: B2M, beta-2 microglobuline; Ca, calcium; Cr, creatinine; Hb, hemoglobin; LDH, lactic dehydrogenase; WBC, white blood cells.
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These data show that high genomic complexity has
an adverse clinical impact in patients with hyperdi-
ploid karyotype multiple myeloma (Po0.0001;
Figure 1b and c). To assess the impact of addi-
tional–structural–chromosomal aberrations in newly
diagnosed multiple myeloma only, we compared the
overall survival among these four groups. There were
21, 30, 20, and 81 newly diagnosed patients for
group 1, 2, 3, and 4 and showing an overall survival
of 97, 87, 48, and 48 months, respectively

(P=0.0026), all were consistent with the entire study
(Supplementary Figure 1a; Supplementary Table 1).

To further assess the clinical impact of a hyperdi-
ploid karyotype in multiple myeloma, we subse-
quently included the overall survival data of 35
multiple myeloma patients who had a normal
karyotype and were negative for CKS1B gain,
MYEOV/CCND1-IGH rearrangement, RB1, or TP53
deletions by FISH analyses as cytogenetically/FISH
normal or baseline controls. Compared with this

Figure 1 (a) Proportion of patients in each group. (b) Comparison of the median overall survival among the four groups. (c) Impact of
additional–structural–chromosomal aberrations (ASAs) on the overall survival of patients with multiple myeloma in all the four groups.
The Kaplan–Meier curve that represents the group 4, with three or more additional–structural–chromosomal aberrations have a significant
shorter survival than the groups with one or no additional–structural–chromosomal aberrations. (d) Comparison of the overall survival
between group 1 and a cytogenetic control group consisted of patients with a normal karyotype and normal FISH for CKS1B, MYEOV/
CCND1-IGH, RB1, and TP53.

Table 2 New diagnosis or relapsed disease and staging of patients in all the four groups

Group 1
N=35

Group 2
N=46

Group 3
N=39

Group 4
N=164 P-value

New diagnosis % (N) 60 (21) 65 (30) 51 (20) 49 (81) 0.7393
Relapsed disease % (N) 31 (11) 15 (7) 28 (11) 35 (57) 0.278
Refractory disease % (N) 9 (3) 20 (9) 21 (8) 16 (26) 0.6129
Median follow-up (months) 74 (20–221) 59 (10–154) 48 (4–180) 42 (3–168) o0.0001
Death rate % (N) at median follow-up 14 (5) 26 (12) 33 (13) 47 (77) o0.0001
Stage Ia % (N) 33 (12) 20 (9) 33 (13) 25 (41) 0.34
Stage IIb % (N) 22 (8) 20 (9) 18 (7) 18 (30) 0.9342
Stage IIIc % (N) 45 (15) 60 (28) 49 (19) 57 (93) 0.3189

aStage I, serum beta-2 microglobuline o3.5 mg/l, serum albumin 43.5 g/l, no high-risk CA and normal LDH.
bStage II, no revised-ISS stage I or III.
cStage III, serum beta-2 microglobuline 45.5 mg/l and either high-risk CA by FISH or high LDH.
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baseline group, the overall survival of patients in
group 1 was 98 vs 150 months for the control group
(P=0.273), indicating that even a simple hyperdi-
ploid karyotype did not achieve an assumed better
clinical outcome (Figure 1d) compared with the
control group.

Clinical Impact of Additional RB1 and TP53 Deletions,
and CKS1B Gain in Group 4

A FISH panel targeting CDKN2C/CKS1B, RB1/13q34,
and TP53/CEN17 was performed mostly on group 4
patients (Table 3). RB1 deletion was found in 41 of
105 (39%) patients tested in group 4. The overall
survival was 45 months, which was lower than the
62 months in those patients (n=64) with a normal
RB1, but was not statistically significant (P=0.645;
Figure 2a). TP53 deletion was found in 18 of 100
(18%) patients tested and also added no additional

impact on overall survival (P=0.60; Figure 2b). There
were only 27 cases in group 4 tested for CDKN2C/
CKS1B and 23 (85%) were positive for CKS1B gain,
which was consistent with the chromosome analysis
showing the structural aberrations of 1q gain in most
of the cases in this group. The overall survival of this
patient group was 43 months, which was significantly
worse than the 93 months overall survival in the four
patients with a normal CKS1B, however it did not
reach statistical significance (P=0.99; Figure 2c).

Groups 3 and 4 have an Overall Survival Similar to
Patients with TP53 Deletion and are a High-risk
Cytogenetic Group

To further assess the independent clinical impact of
complex additional–structural–chromosomal aberra-
tions, we analyzed 21 patients who were known to
be at high risk per current Revised International
Staging System, showing an apparently normal
karyotype, but with a TP53 deletion (termed NLKP/
TP53-del) detected by FISH testing. We compared
the overall survival of patients in groups 3 and 4 with
this patient subset. The overall survival in the NLKP/
TP53-del was 62 months, almost the same as group 3
patients (62 vs 61 months) and better than group 4
patients (62 vs 48 months, P=0.387; Figure 2d).
These data indicate that a high complexity hyperdi-
ploid karyotype in multiple myeloma patients
(groups 3 and 4) has an independent adverse clinical
impact, even without TP53 deletion.

Table 3 FISH positivity in four groups

Total
patient
number

Del
(13q)

Del
(17p)

CKS1B
gain

Group 1 (positive/tested) 35 9/19 0/2 1/19
Group 2 (positive/tested) 46 4/24 2/2 1/24
Group 3 (positive/tested) 39 2/21 1/4 3/18
Group 4 (positive/tested) 164 41/105 18/100 23/27

FISH data review of all the four groups.

Figure 2 Kaplan–Meier curves comparing the survival between patients with positive and negative FISH results in group 4. (a) RB1
deletion vs no RB1 deletion. (b) TP53 deletion vs no TP53 deletion. (c) CKS1B gain vs no CKS1B gain. (d) Comparison of survival among
patients in group 3 and 4 with no TP53 deletion and patients with a normal karyotype and TP53 (NLKP/TP53-del) deletion by FISH.
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Trisomy 3 or 15, Monosomy 13 or 13q Deletion, and
Monosomy 14 Show Independent Clinical Impact in
Group 4

We examined the clinical impact of trisomies of 3, 5,
15, and 21, as well as monosomy 13 or 13q deletion
and monosomy 14 in each group, particularly in
group 4 as it contained most of the cases in the study
(Table 4; Figure 3), and since the literature reports on
their impact are controversial.16,17 There were 91
(55%) cases with trisomy 3 in group 4 and 73 (45%)
without trisomy 3; the presence of trisomy correlated
with a better overall survival (62 vs 43 months,
P=0.007; Figure 3a). There were 95 (58%) cases in
group 4 with trisomy 5 and 69 (42%) without trisomy
5, however, the overall survival comparison was not
significantly different (P=0.114; Figure 3b). Trisomy
15 was found in 110 (67%) cases and the overall
survival overall survival was 59 months compared
with an overall survival of 30 months in those
(n=54) without trisomy 15 in the same group 4
(Po0.0001; Figure 3c), indicating that this specific
trisomy might overcome some of the adverse impact
in group 4. Trisomy 21 was found in 88 (54%) cases

in group 4, but showed no impact on overall survival
(P=0.755; Figure 3d).

There were 60 (37%) cases in group 4 with
apparent monosomy 13 or 13q deletion by chromo-
some analysis, and these patients showed a worse
overall survival comparing those without monosomy
13 or 13q deletion (n=104) (36 vs 56 months,
P=0.047; Figure 3e). Monosomy 14 was observed
only in 11 patients who had an overall survival of
30 months compared with the overall survival of
48 months observed in those 153 cases without
monosomy 14 (P=0.012; Figure 3f). These results
show independent clinical impact of trisomy 3,
trisomy 15, and monosomy 13 or 13q deletion and
monosomy 14 in group 4 patients, respectively.
Additional analysis of these aberrations in groups
1–3 did not show a consistent impact on overall
survival (data not shown), perhaps due to limited
overall cases numbers analyzed in these groups.

Of 81 newly diagnosed cases in group 4, 48 (59.3%)
had trisomy 3, 48 (59.3%) had trisomy 5, 56 (69.1%)
had trisomy 15, 46 (56.8%) had trisomy 21, 29
(35.8%) had monosomy 13 or visible 13q deletion,
and 7 (8.6) had monosomy 14. We found statistical

Table 4 The clinical impact of recurrent trisomies and monosomy in four groups

Presence Absence

P-value
% (N) Median OS % (N) Median OS

Trisomy 3
Group 1 48 (17) 139 45 (18) 88 0.0513
Group 2 62 (30) 99 38 (16) 74 0.254
Group 3 72 (28) 69 28 (11) 47 0.0992
Group 4 55 (91) 62 45 (73) 43 0.007

Trisomy 5
Group 1 66 (23) 98 34 (12) 88 0.532
Group 2 71 (32) 87 29 (14) 72 0.133
Group 3 72 (28) 72 28 (11) 47 0.113
Group 4 58 (95) 60 42 (69) 42 0.114

Trisomy 15
Group 1 77 (27) 118 22 (8) 91 0.012
Group 2 80 (36) 87 20 (10) 51 0.241
Group 3 77 (30) 72 23 (9) 44 0.020
Group 4 67 (110) 59 33 (54) 30 o0.0001

Trisomy 21
Group 1 42 (15) 97 58 (20) 118 0.347
Group 2 49 (22) 87 51 (23) 54 0.018
Group 3 54 (21) 69 46 (18) 47 0.255
Group 4 54 (88) 48 46 (76) 47 0.755

Monosomy 13/del13qa

Group 4 37 (60) 36 63 (104) 56 0.047

Monosomy 14
Group 4 7 (11) 30 93 (153) 48 0.012

Abbreviations: N, case numbers; OS, overall survival.
Assessment of clinical impact in overall survival of trisomies 3, 5, 15, 21 and monosomy 13 or 13q deletion and monosomy 14.
aCytogenetically visible.
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differences showing a longer median overall survival
in patients with trisomy 5 (P=0.0218), trisomy 15
(P=0.0144); and a shorter overall survival in patients
with monosomy 13 or 13q deletion (P=0.0303), and a
shorter overall survival in patients with monosomy 14
(P=0.0259). However we found no statistical differ-
ences on overall survival in patients with trisomy 21
(P=0.384) or trisomy 3 (P=0.0556). (Supplementary
Figure 1b–1f).

Stem Cell Transplantation did not Improve Overall
Survival in Patients with Hyperdiploid Karyotype
Multiple Myeloma

Most patients (n=192) in this study eventually
received stem cell transplantation in addition to
chemotherapy and/or radiation therapy. When com-
paring the overall survival between transplanted vs
non-transplanted patients in all the four groups, we
found no significant difference in survival (P=0.142;
Figure 4a–d).

As the patient number for each group is limited,
more studies are needed in order to better assess the
response of multiple myeloma patients to stem cell
transplantation, especially in those who have a
highly complex hyperdiploid karyotype as observed
in our group 4 (median overall survival 56 months
with stem cell transplantation vs 34 months without
stem cell transplantation, P=0.053). When we
further assessed the clinical impact of stem cell
transplantation in group 4 among patients with new
diagnosis (n=81), refractory (n=26) and relapsed
(n=57) disease respectively, we found stem cell
transplantation significantly improved the overall
survival in patients with refractory disease (50.5 vs
26 months, P=0.0084) whereas, no impact was seen

in new diagnosis (P=0.7275) or relapse (P=0.591)
(Supplementary Table 2; Supplementary Figure 2).

Multivariate Analysis on Overall Survival

Additional multivariate analysis was performed for
all 284 patients using the SPSS (Table 5). We
observed that male gender (HR 0.58, Po0.0001),
two additional–structural–chromosomal aberrations
(HR 3.3, Po0.0001), three or more additional–
structural–chromosomal aberrations (HR 4.2,
Po0.0001), disease stage II (HR 0.73, P=0.02), stage
III (HR 0.68, P=0.002) and relapsed disease (HR 0.68,
P=0.009) significantly impacted overall survival. Age
(using the median age of 60 years old, HR 0.90,
P=0.321) and stem cell transplantation (HR 1.25,
P=0.055), were insignificant. These data further
confirm the independent risk prediction of addi-
tional–structural–chromosomal aberrations in patients
with hyperdiploid karyotype multiple myeloma.

Discussion

Patients with multiple myeloma are currently strati-
fied into cytogenetically standard- and high-risk
groups based on the presence or absence of del
(17p), t(4;14)/t(14;16)/t(14;20), 1q gain, and
non-hyperdiploidy, according to the Revised Interna-
tional Staging System13 and the most recent update by
the International Myeloma Working Group.14 In the
current study, we further dissected the heterogeneity
of the category of multiple myeloma with a hyperdi-
ploid karyotype, a group currently considered to be
standard risk. A hyperdiploid karyotype is often
characterized by gains of chromosomes 3, 5, 9, 11,

Figure 3 Comparison of survival between patients with and without recurrent trisomies and monosomy in group 4. (a) With and without
trisomy 3. (b) With and without trisomy 5. (c) With and without trisomy 15. (d) With and without trisomy 21. (e) With and without
monosomy 13. (f) With and without monosomy 14.
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and 15 and can be easily detected by conventional
cytogenetic and/or FISH analyses.7,17 With the recog-
nition of the limited potential of plasma cells to
divide in short-term bone marrow culture, detection
of recurrent cytogenetic aberrations such as gain
CKS1B/1q21, t(11;14)(q13;q32), RB1/13q, and TP53/
17p deletions largely rely on interphase FISH studies,

preferably performed on CD138-enriched plasma
cells.9 A hyperdiploid karyotype is therefore reported
in about 45–50% of the multiple myeloma cases by
FISH analysis.22 In the current study, we detected
~9% of multiple myeloma cases with a hyperdiploid
karyotype by the chromosomal analysis, exactly
reflecting the technical limitations. Surprisingly, in
this study, only a small fraction (12%) of patients with
a hyperdiploid karyotype had simple hyperdiploidy
showing no additional–structural–chromosomal aber-
rations. Instead, most (72%) patients showed two or
more additional–structural–chromosomal aberra-
tions. In the literature, a hyperdiploid karyotype in
multiple myeloma is thought to have a relatively
better clinical outcome compared with other
standard-risk cytogenetic subgroups.23 In this study,
however, patients with a simple hyperdiploid karyo-
type with no additional–structural–chromosomal
aberrations (group 1) did not have a better clinical
outcome compared with patients who had normal
karyotype multiple myeloma (Figure 1d), suggesting
that a hyperdiploid karyotype may not be associated
with a better overall survival, as has been proposed
previously. Furthermore, our data indicate that
patients with high genomic complexity at the chro-
mosomal level, manifested by two or more addi-
tional–structural–chromosomal aberrations, had a
significantly poorer overall survival.24 Such complex
structural aberrations are less likely to be detected by
FISH analysis alone even with the coverage of most

Figure 4 Comparison of survival between patients treated with stem cell transplantation (SCT) and with no stem cell transplantation in all
the four groups. (a) Group 1. (b) Group 2. (c) Group 3. (d) Group 4.

Table 5 Multivariate analyses on overall survival

Variable
N=284 Category HR 95% CI P-value

Gender Male/female 0.58 0.46–0.74 o0.0001a
Age o60/≥60 0.90 0.72–1.11 0.321
SCT No/Yes 1.25 1.0–1.58 0.055
ASAb

1 ASA 1.51 0.94–2.45 0.092
2 ASAs 3.3 1.97–5.38 o0.0001a
≥3 ASAs 4.2 2.74–6.48 o0.0001a

Stagec
Stage II 0.73 0.55–0.95 0.02a
Stage III 0.68 0.47–0.84 0.002a

Diagnosisd

Relapse 0.68 0.51–0.91 0.009a

Refractory 1.25 0.95–1.66 0.124

Abbreviations: ASAs, additional–structural aberrations; HR, hazard
ratio; SCT, stem cell transplant.
Multivariate analysis.
aStatistically significant.
b0 ASA was used as the baseline.
cStage I was used as the baseline.
dNew diagnosis was used as the baseline.
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commonly involved trisomies in multiple myeloma,
as FISH can only target limited loci. These data
highlight the value of traditional chromosome analy-
sis for risk stratification, whenever feasible clinically,
especially for the laboratories that cannot offer the
enriched plasma cell FISH studies or genomic
profiling, although traditional chromosomal analysis
is not required as standard of care.14

In this study, we did not observe differences in
demographic and laboratory data among patients in
the four groups, with the exception of hemoglobin
and albumin levels, which were higher in group 1
patients. In addition, although disease stages or
disease status (new diagnosis, relapse, or refractory)
were not significantly different among patients in all
the four groups, the death rate or fatality was highly
associated with the higher level of the chromosomal
complexity (Table 2).25 These data indicate that
multiple myeloma patients with an apparent hyper-
diploid karyotype do not represent a uniform
clinicopathological subgroup.

Deletion of 17p13/TP53 is well established as an
adverse prognostic factor in multiple myeloma
patients. Regardless of the presence of other chro-
mosomal aberrations and/or laboratory results, FISH
testing for TP53 has been fully utilized for risk
stratification. In the highly complex hyperdiploid
karyotype group 4, although most (68.5%) patients
were tested for TP53 deletion by FISH, only 18% had
TP53 deletion and this finding did not further
worsen the overall survival,26 indicating that TP53
deletion may not have independent adverse impact
in multiple myeloma patients with a highly complex
hyperdiploid karyotype. On the other hand, when
comparing the overall survival of patients in groups
3 and group 4 with the group of cases known to be
high risk per Revised International Staging System
showing TP53 deletion by FISH, but with a normal
karyotype (NLKP/TP53-del), group 3 patients
showed almost an identical median overall survival,
whereas group 4 showed an even worse median
overall survival, indicating that genomic complexity
in hyperdiploid karyotype multiple myeloma has an
independent adverse impact. Therefore, a complex
hyperdiploid karyotype should be considered as a
high-risk factor in multiple myeloma patients.

Gains of chromosome 1q21/CKS1B gene, although
not mentioned in the 2015 Revised International
Staging System, have been included as high risk.14
1q21 gain, encoding CKS1B and PSMB4, likely alters
control of the cell cycle and promotes cell prolifera-
tion and resistance to proteasome inhibitors.27,28 In
group 4 patients, although only 27 patients were
tested for CDKN2C/CKS1B by FISH, 23 (85.1%)
showed gains of CKS1B, which is consistent with
the karyotypic finding of apparent structural aberra-
tions of 1q gain in most of the cases in this group.
RB1 deletion was another recurrent finding that has
been reported in about 50% of the multiple myeloma
cases.29 In 105 cases tested in group 4, about 40%
showed RB1 deletion, but this finding had no

additional impact,30–33 as most of them were not
visible by conventional chromosome analysis.34
When further evaluated overall survival in those
with apparent monosomy 13 or cytogenetically
visible 13q deletion in the same group 4, we did
observe the negative impact (P=0.047; Figure 3e). To
better analyze our data set, we purposely excluded
all the hyperdiploid karyotype cases with apparent
IGH translocations detected by chromosome and/or
FISH analyses, as different IGH fusion partners may
yield variable clinical outcomes (ie, adverse vs non-
adverse IGH rearrangements) that may have con-
founded assessment of the clinical impact of hyper-
diploid karyotypes with additional–structural–
chromosomal aberrations in this study.

Recent studies have suggested that the presence of
certain trisomies or monosomy 14 correlates with a
more favorable or worse prognosis, respectively, in
patients with hyperdiploid karyotype multiple
myeloma.7,16,17 In this study, we found a significant
difference in survival between patients with and
without trisomy 3, but only in the highly complex
hyperdiploid karyotype group 4, however, not in
newly diagnosed patients (Supplementary Figure 1)
and in contrast, trisomy 5 showed a longer overall
survival in new patients only in group 4 (P=0.0218;
Supplementary Figure 1). We also found a difference
in median overall survival between patients with vs
without trisomy 15 in groups 3 and 4 (P=0.02 and
Po0.0001), as well as in new diagnosis in group 4
(P=0.0144); moreover patients with monosomy 14 in
group 4 had a shorter overall survival compared with
those without (P=0.012; Figure 3f). However, we did
not find a difference in overall survival between those
cases with or without trisomy 21 in this study, unlike
earlier reports.16,17 Our results indicate that trisomy 3,
5, 15, and monosomy 13 or 13q deletion or monosomy
14 are independent risk factors in the subset of patients
with hyperdiploid karyotype multiple myeloma with
high complexity at the chromosomal level.

Over 95% of patients in this study were treated after
2002 when the current standard clinical treatment
regimen entered widespread use. Of these, 192
(67.6%) patients eventually received a stem cell
transplantation. The overall survival between trans-
planted vs non-transplanted patients showed no
significant difference in this study (P=0.142),14,35–37
although patients with stem cell transplantation in
group 4 seem to show a much better outcomes (overall
survival of 56 months with stem cell transplantation
vs 34 months without stem cell transplantation,
P=0.053), and no overall survival advantage was
observed in new diagnosis vs relapse; however stem
cell transplantation did improve the overall survival
in patients with refractory disease in group 4
(Supplementary Figure 2). More data are needed as
stem cell transplantation would have improved the
overall survival as previously reported.14

In conclusion, hyperdiploid karyotype multiple
myeloma is a cytogenetically heterogeneous group
and highly associated with the presence of
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additional–structural–chromosomal aberrations. The
assessment of additional–structural–chromosomal
aberrations by traditional chromosomal analysis
remains important for risk stratification, whenever
clinically feasible, although this is not considered as
a ‘routine test’ by the current consensus from the
International Myeloma Working Group.14 However,
given the technical limitations of traditional chro-
mosome in the analysis of plasma cells, in addition
to FISH testing, DNA- or RNA-based genomic
profiling,38 gene expression profiling,39 and/or
next-generation sequencing40 will facilitate better
characterization of this cytogenetic subgroup at the
molecular level for accurate risk stratification and
personalized clinical management. Meanwhile, we
suggest that a hyperdiploid karyotype with 2 or more
additional–structural–chromosomal aberrations
should be classified as a high-risk parameter in
multiple myeloma patients, and should be treated
with strategies tailored to the high-risk phenotype.14
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