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Abstract: Cytogenetic abnormalities have emerged as the major novel prognostic factors in multiple myeloma (MM)
patients. This meta-analysis comprehensively investigates the association between the cytogenetic abnormalities
and survival of MM patients. We searched the PubMed, EMBASE, SCOPUS, and Cochrane databases for articles
published until February, 2014. Thirty eligible studies involving 10276 patients were included to examine the asso-
ciation of three chromosomal abnormalities, t (4; 14), del (17p), and Amp (1g21), with survival in MM patients. The
main outcome measures were progression-free survival (PFS) and overall survival (0S). Individuals with t (4; 14),
del (17p), and Amp (1921) had low OS and PFS. In a subgroup analysis for therapy regimen, lenalidomide- and bort-
ezomib-based therapies increased the PFS of patients with Amp (1g21) (HR=1.50, 95% CI=0.95-2.36, p=0.084)
and t (4; 14) (HR=1.38, 95% CI=0.90-2.11, p=0.143). The presence of del (17p) elicited no significant influence
on the prognosis of patients under different therapy regimens. Our meta-analysis provides globally quantifiable
confirmation of the adverse prognostic value of t (4; 14), del (17p), and Amp (1g21) in OS and PFS for MM patients.
Lenalidomide- and bortezomib-based therapies were partly conducive to improve the prognosis of individuals with t
(4; 14). Bortezomib-based therapy can partly improve the PFS of patients with Amp (1g21).
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Introduction

Multiple myeloma (MM), the second most com-
mon hematologic malignancy, is accounting for
approximately 1% of all cancer diagnoses. MM
is characterized by the expansion and accumu-
lation of clonal plasma cells in the bone marrow
(BM), the secretion of monoclonal immunoglob-
ulins, and the presence of osteolytic bone
lesions. Although treatment strategies have
improved in the last decade, MM remains an
incurable disease. Nevertheless, the myeloma
patients’ survival time is highly different, rang-
ing from a few months to more than 10 years.
This diversity mainly relates to the prognosis of
both the tumor and the host. International
Staging System is the most widely applied prog-
nostic system in myeloma, which could catego-
rize patients into three groups based on the
levels of serum albumin and b2-microglobulin
[1]. Notably, these two variables could reflect

both patient and tumor factors. While b2-micro-
globulin serves as a measure of tumor bulk and
renal function. Albumin is related to the general
state of the patient. This prognostic system is
well validated and easily applied; however, it
cannot completely explain the heterogeneity of
survival time. Therefore, studies on new prog-
nostic factors are necessary to determine the
course of the disease, define therapeutic strat-
egies, and predict long-term survival and
outcome.

Cytogenetic abnormalities have emerged as
the major novel prognostic factors in newly
diagnosed MM patients [2-4]. However, previ-
ous studies related to the cytogenetic abnor-
malities is limited because of the small number
of analyzable metaphases, the low proliferative
activity of plasma cells and the limited extent of
BM involvement. Approximately 30% abnormal
karyotypes have reported in most large series
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[5, 6]. However, other techniques without
obtaining metaphases have obtained genomic
aberrations in almost all cases [7-9]. This pitfall
has led to the replacement of classical detect-
ing techniques by interphase fluorescence in
situ hybridization (FISH) technology, which has
the advantage of detection of specific chromo-
somal changes even in non-cycling interphase
cells. FISH technique in myeloma demonstrat-
ed a high incidence of chromosomal changes
[9, 10], suggesting that it can be applied to the
assessment of single abnormality with prog-
nostic value [2, 11-14].

Some studies assessed the prognostic value of
cytogenetic abnormalities detected by FISH in
MM patients; however, the association between
the genomic abnormalities and clinical out-
come of MM patients remains controversial
[15-18]. In addition, a few studies have evalu-
ated the prognostic value of novel drugs for
cytogenetic aberrations. This meta-analysis
was performed to gain complete understanding
of the association between the genomic abnor-
malities and survival outcome of MM patients.

Materials and methods
Search strategy

The PubMed, EMBASE, SCOPUS, and Cochrane
databases were searched using the terms
“Cytogenetic abnormalities”, or “genomic
abnormalities”, or “chromosome abnormali-
ties”, and “multiple myeloma”. Furthermore, we
attempted to identify the potentially relevant
studies by tracing the reference list of pertinent
manuscripts as well as contacting known
authors in the articles. No language restrictions
were applied. The last search was performed
on March 2014.

Study selection

Selected studies must meet the following inclu-
sion criteria: (1) t (4; 14), del (17p), or Amp
(1g21) as the exposure factor in MM patients;
(2) observational studies only on human beings;
(3) hazard ratio (HR) or survival curve for overall
survival (0OS) or progression-free survival (PFS)
[or time to progression (TTP)] with an available
or calculable confidence interval (Cl) of 95%;
and (4) full articles with English language.
Accordingly, the following exclusion criteria
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were applied: (1) studies on the same popula-
tion or subpopulation, (2) lack of control group,
and (3) patients with monoclonal gammopathy
of undetermined significance or asymptomatic
MM and not MM.

Data extraction and methodological quality
appraisal

Two reviewers independently assessed all arti-
cles identified by search strategies for rele-
vance and reached a consensus on all items.
The following information was obtained from
each publication: author names, publication
year, population region, country, age of patients,
detection techniques, cytogenetic abnormali-
ties, detectable sample size, number of
exposed and unexposed cohort, previous ther-
apies, and disease state. The HR and 95% CI
were either directly determined from the arti-
cles or generated from published Kaplan-Meier
curves with the software Engauge Digitizer ver-
sion 4.1 (free software downloaded from http://
sourceforge.net) [19].

Three categories of the Newcastle-Ottawa
scale, including selection, comparability, and
outcome which contain eight items, were used
to assess the quality of selected studies, a
maximum of one star can be given for each
numbered item for the selection and outcome
categories. A maximum of two stars can be
given for comparability category [20]. Consi-
dering the lack of standard criteria, we defined
0 to 3 stars, 4 to 6 stars, and 7 to 9 stars as
low, moderate, and high quality, respectively
[21].

Statistical analysis

All statistical analysis was performed using the
STATA 11.0 software package and conducted
according to PRISMA guidelines [22]. The HR
data with a 95% CI for OS and PFS (TTP) were
pooled to evaluate the association of t (4; 14),
del (17p), or Amp (1921) with the survival out-
come of MM patients. The inter-study heteroge-
neity was estimate by the Q and I? statistical
tests. 1°>50% indicated heterogeneity [23]. If I?
was significant (>50%), the random-effects
model was selected. Otherwise, the fixed-
effects model was selected. The studies were
categorized into therapy, disease state, and
assessed quality for the subgroup analyses of
the correlation between t (4; 14), del (17p), or
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Table 1. Main characteristics of these studies included in this meta-analysis

Median follow-

First Author  Year Country Stuc_|y Therapy Disease Sample Age (range) Dete(_:tion Cytogengt_ic up months
quality status size techniques abnormalities (range)
Avet-Loiseau 2013 France 8 stars CcC newly 1095 72 (66-94) FISH t (4; 14), del (17p) unknown
Grzasko 2013  Poland 8 stars CTD/MPT newly 104 59 (36-85) FISH, clg-FISH +1g21 16.5 (1-53)
Avet-Loiseau 2012 France 8 stars VAD, ASCT newly 520 <66 FISH t(4; 14), del (17p), +1921 90.5
Boyd 2012 UK 7 stars CVAD/CTD, ASCT or MP/CTDa newly 1960 unknown FISH del (17p), +1921 44.4
Kiyota 2012 Japan 8 stars BD RR 43 63 FISH G-banding, t(4; 14), +1921 17
Neben 2012 Germany 7 stars VAD/PAD newly 344 57 (25-65) FISH t(4; 14), del (17p), +1g21 40.9
Nemec 2012 Czech 7 stars VAD, ASCT newly 207 57 (33-69) FISH G-banding, t(4; 14) 35.4 (0.4-70.3)
Stephens 2012 USA 6 stars Unknown newly 626 unknown FISH del (17p), +1921 unknown
Chang 2011 Canada 8 stars Bortezomib RR 85 59 (32-78) clg-FISH t (4; 14), del (17p), +1g21 unknown
Hose 2011 Germany 6 stars VAD/TAD/PAD newly 554 57 (25-77) FISH del (17p) unknown
Jiang 2011 Canada 7 stars VAD, ASCT newly 86 54 (30-70) FISH, clg-FISH +1g21 36.5
Kim 2011 Korea 6 stars ASCT/Chemotherapy newly 102 60.7 (35.2-79.8) FISH, clg-FISH t(4; 14), +1921 57.5 (44.8-86.5)
Klein 2011 Germany 8 stars RD RR 92 65 (29-80) FISH t (4; 14), del (17p), +1921 12.1
Shaughnessy 2011 USA 7 stars VTD newly 270 <75 FISH del (17p) unknown
Avet-Loiseau 2010 France 8 stars BD newly 507 57 (31-65) FISH t (4; 14), del (17p) 24
Avet-Loiseau 2010 France 7 stars RD RR 207 65 (37-89) FISH t(4; 14) unknown
Chang 2010 Canada 7 stars RD RR 143 62.2 (31.8-80.0) clg-FISH del (17p), +10921 46.9 (5.76-148)
Chang 2010 Canada 8 stars VAD, ASCT newly 203 55 (31-73) FISH, clg-FISH t (4; 14), del (17p), +1g21 36
Dimopoulos 2010  Greece 8 stars RD/VRD RR 99 unknown FISH t (4; 14), del (17p), +1g21 11 (0.4-36)
Neben 2010 Germany 8 stars VAD/TAD/PAD, ASCT newly 315 59 (25-73) FISH t (4; 14), del (17p) unknown
Nemec 2010 Czech 7 stars HDT newly 91 58 (33-66) clg FISH +1qg21 39.2
Reece 2009 Canada 7 stars RD RR 130 61 (31-84) FISH t (4; 14), del (17p) 41.4 (1.9-139)
Schilling 2008 Germany 7 stars MF, allo-SCT RR 101 52 (28-68) FISH t (4; 14), del (17p) 33(3-73)
Avet-Loiseau 2007 France 8 stars VAD/MP/MPT/allo-SCT newly 1064 <66 FISH t (4; 14), del (17p) 41
Gutie “rrez 2007 Spain 7 stars ASCT newly 260 60 (39-70) FISH t(4; 14) 34
Moreau 2007 France 7 stars HDT, ASCT newly 100 58 (33-65) FISH t(4; 14) 46
Shaughnessy 2007 USA 7 stars D newly 220 <75 FISH +1g21 unknown
Fonseca 2006 USA 8 stars HDT newly 159 unknown FISH +1qg21 unknown
Gertz 2005 USA 7 stars HDT newly 238 56 (30-71) FISH, clg-FISH t (4; 14), del (17p) unknown
Fonseca 2003 USA 8 stars cC newly 351 63 (35-84) FISH t (4; 14), del (17p) (96-138)

Newly: newly diagnosed; RR: relapsed/refractory; CC: conventional chemotherapy; VAD: vincristin, adriamycin, and dexamethasone; ASCT: autologous stem cell transplantation; BD: bortezomib plus dexamethasone; RD: Lenalidomide and
bortezomib; VRD: lenalidomide, bortezomib and dexamethasone; MP: melphalan, pamidronate; MPT: melphalan, pamidronate plus thalidomide; CVAD: cyclophosphamide, vincristine, doxorubicin and dexamethasone; CTD: cyclophosphamide,
thalidomide and dexamethasone; CTDa: attenuated cyclophosphamide, thalidomide and dexamethasone; VTD: Bortezomib, Thalidomide and dexamethasone; TD: Thalidomide and dexamethasone; HDT: high dose therapy; allo-SCT: allogeneic

hematopoietic stem cell transplantation.
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the most significant ad-
verse predictor of progno-

Exclusion based on screening of titles and abstracts

sis (HR=2.55, 95% ClI=
2.02-3.20) with the ran-
dom-effects model. The
fixed-effects model was us-
ed to estimate the HRs of

digibility (n = 161)

Initially identified articles {n
=2518)
(n=2357)
»| Notrelevant (n=2010)
Review (n = 347)
v
Full articles assessed for

Amp (1g21) (HR=1.68,
95% Cl=1.51-1.88) and t

A 4

Articles included in meta-

Study excluded {n= 131)

Duplicatearticles (n = 61)

No target exposure(n = 29)

No HR or Kaplan-Meier curves (n = 34)
Articleson subpopulation (n= 5)

Plasma cell leukemia or Smoldering MM (n = 2)

4; 14) (HR=2.32, 95%
Cl=2.08-2.59). In a strati-
fied analysis by therapeu-
tic schedule, a decrea-
sed risk of HR was found in
t (4; 14). Bortezomib-ba-
sed therapy decreased the

analysis (n=30)

Figure 1. Flowchart of selection of studies.

Amp (1g21) and patient survival. The Funnel
plots of Egger's linear regression test and
Begg's test was used to assess publication
bias. An asymmetrical plot and p<0.05 indicat-
ed a statistically significant publication bias.

Results
Characteristics of included studies

The characteristics of the selected trials are
summarized in Table 1. The flowchart of selec-
tion is shown in Figure 1. The results were pub-
lished between 2003 and 2013, and had sam-
ple sizes ranging from 43 to 1095 participants.
Del (17p), Amp (1921), and t (4; 14) were detect-
ed in 19, 16, and 20 of the selected studies,
respectively. Twenty-two studies investigated
participants with newly diagnosed MM, and
eight studies investigated relapsed/refractory
MM patients. Among these 30 studies, 5 inves-
tigated MM patients who received bortezomib-
based therapy, 5 studied MM patients who
received lenalidomide-based therapy, and 15
investigated MM patients who received con-
ventional chemotherapy/ACST.

HR for OS

HR was pooled from 29 articles (Figure 2). The
pooled HRs of all included studies revealed a
statistically significant association between
these three chromosome abnormalities and
prognosis (Table 2). Del (17p) appeared to be
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risk of OS shortening (HR=

1.85, 95% Cl=1.28-2.67).

An evident trend was found

in lenalidomide-based the-

rapy (HR=1.48, 95% Cl=
1.02-2.16). In a stratified analysis by disease
status, newly diagnosed patients with t (4; 14)
showed a worse long-term outcome (HR=2.49,
95% Cl=2.21-2.80) than relapsed/refractory
patients with t (4; 14) (HR=1.44, 95% CI=1.06-
1.95). In addition, relapsed/refractory patients
with Amp (1g21) had lower OS (HR=2.33, 95%
Cl=1.55-3.49) than newly diagnosed patients
with Amp (1921) (HR=1.64, 95% CI=1.46-
1.84).

HR for PFS

With regard to PFS, the fixed-effect model was
used for the meta-analysis of 22 studies (Table
2). The pooled effect sizes of the three abnor-
malities were in accordance with the OS [del
(17p) HR=2.20, 95% CI=1.94-2.50; Amp (1921)
HR=1.50, 95% CI=1.36-1.66;t (4, 14) HR=2.04,
95% CI=1.77-2.35, Figure 3]. The subgroup
analysis showed that bortezomib-based thera-
py can reverse the negative effects of t (4; 14)
and Amp (19g21) abnormalities on PFS
(HR=1.38, 95% CI=0.90 to 2.11 and HR=1.50,
95% Cl=0.95-2.36, respectively). Meanwhile,
lenalidomide-based therapy can reduce the
risk of survival time shortening. Furthermore,
newly diagnosed patients with t (4; 14) showed
lower PFS (HR=2.27, 95% CI=1.95-2.65) than
relapsed/refractory patients with t (4; 14)
(HR=1.62, 95% Cl=1.25-2.11). However, no sig-
nificant difference in PFS was identified
between newly diagnosed and relapsed/refrac-
tory patients with Amp (1g21).

Int J Clin Exp Med 2014;7(11):4051-4062
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Figure 2. Forest plot of the pooled HRs for overall survival. A: del 17p; B: 1g21+; C: t
(4; 14). FISH, an effective me-

thod in prognosis as-

sessment and risk
classification for MM [27], can detect specific
aberrances in interphase cells and overcome
the drawback of the lack of dividing cells
required for conventional de-tection of cytoge-
netics [28]. Recently, FISH was applied to
detect several genetic abnormalities, such as

del (17p), Amp (1g21), and t (4; 14), which have

Evaluation of publication bias

The publication bias (Figure 4) was not statisti-
cally prominent among the studies focused on
PFS [del (17p), p=0.093; Amp (1g21), p=0.502;
t (4; 14), p=0.197] using Begg'’s test. The fun-
nel plot from Egger’s test also showed no asym-
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Table 2. Meta-analysis of the cytogenetic abnormalities by FISH

del 17p +1q21 t (4, 14)
n°  HR (95% Cl) P (;) n®  HR(95% Cl) P IP(%) n* HR(95%Cl) P 17(%)
0S newly +rel/ref 17 2.55(2.02-3.20)> <0.001 66.7 16 1.68(1.51-1.88) <0.001 41.8 21 2.32(2.08-2.59) <0.001 9.6
newly 12 2.59(1.97-3.39)° <0.001 74.0 12 1.64(1.46-1.84) <0.001 375 14 2.49(2.21-2.80) <0.001 0.0
rel/ref 5 2.42(1.69-3.46) <0.001 30.0 4 2.33(1.55-3.49) <0.001 458 7 1.44(1.06-1.95) 0.02 0.0
PFS newly +rel/ref 14 2.20(1.94-2.50) <0.001 43.7 13 1.50(1.36-1.66) <0.001 10.1 13 2.08(1.82-2.38) <0.001 12.8
newly 9 2.27(1.85-2.79)* <0.001 51.0 8 1.51(1.35-1.68) <0.001 34.8 7 2.27(1.95-2.65) <0.001 0.0
rel/ref 5 241(1.72-3.36) <0.001 38.0 5 1.45(1.12-1.87) 0.004 0.0 6 1.62(1.25-2.11) <0.001 0.0
0OS bortezomib 4 3.14(2.284.32) <0.001 419 2 2.17(1.22-3.84) 0.008 0.0 4 1.85(1.28-2.67) 0.001 0.0
lenalidomide 3 3.49(2.18-5.60) <0.001 0.0 2 2.59(0.76-8.84)° 0.002 777 1.48 (1.02-2.16) 0.041 0.0
conventional 11 2.33(1.75-3.08)° <0.001 70.0 12 1.64(1.46-1.84) <0.001 375 14 2.45(2.17-2.77) <0.001 13.5
PFS bortezomib 3 1.98(1.34291) 0001 130 2 150(0.952.36) 0.084 468 3 1.38(0.90-2.11) 0143 0.0
lenalidomide 4 2.79(1.91-4.08) <0.001 22.2 3 1.43(1.05-1.94) 0.023 0.0 4 1.74(1.29-2.35) <0.001 0.0
conventional 8 2.33(1.80-3.02)*> <0.001 61.8 8 1.51(1.35-1.68) <0.001 34.8 2.26 (1.91-2.67) <0.001 3.2

a: Number of comparisons; b: Random effects estimate; newly: newly diagnosed; rel/ref: relapsed or refractory.

been related to poor survival. Considering that
these aberrations play an important role in MM
development, we performed this meta-analysis
to comprehensively estimate the significance
of these three chromosomal abnormalities.

In MM, the most frequent structural changes
are translocations involving the immunoglobu-
lin heavy chain (IgH) switch region on chromo-
some 14q with various partner genes [29].
These genes include cyclin D1 in t (11; 14)
(16%), FGFR3 in t (4; 14) (15%), and C-MAF in t
(14; 16) (3% to 5%) [30, 31]. Among these
14932 translocations, t (4; 14) confers an
adverse prognosis in patients treated with con-
ventional chemotherapy or autologous stem
cell transplant [2, 24, 32].

Our results indicate that t (4; 14) is significantly
associated with poor long-term survival. In
addition, this translocation serves a more sig-
nificant influence in newly diagnosed patients
than in relapsed/refractory patients. The trans-
location leads to the deregulation of the FGFR3
and MMSET genes, which are located at 4p16.
FGFR3, a transmembrane receptor tyrosine
kinase involved in regulating cell proliferation
and differentiation, is overexpressed in many
cancers [33]. In MM, FGFR3 translocation
results in ectopic expression in plasma cells
because it is strongly regulated by 3’IgH
enhancers; this finding suggests that this pro-
tein exerts an oncogenic function in the patho-
genesis of myeloma [30, 34]. Another gene dys-
regulated by t (4; 14), is a multiple myeloma
SET domain protein (MMSET) [27] and is an
oncogene that contributes to cellular adhesion
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and clonogenic growth [28]. MMSET and FGFR3
are dysregulated in 100% and approximately
70% of all cases with t (4; 14), respectively [29].

Further stratified analysis suggests that bort-
ezomib- and lenalidomide-based therapies can
improve the prognosis of patients with this
translocation. With regard to bortezomib-based
therapy, the probable mechanism might be
related to FGFR3. Anderson [35] et al. have
recently demonstrated that MCL-1 downregula-
tion contributes to MM cell apoptosis and con-
fers bortezomib resistance. Moreover, previous
studies have suggested that the increased lev-
els of STAT3 and downstream MCL-1 in MM
cells are transfected with wild- or mutant-type
FGFR3 [36]. Thus, patients who express FGFR3
respond well with bortezomib-based therapy;
this finding may be attributed to the enhanced
MCL-1 expression caused by FGFR3. Dawson’s
study [37] and our meta-analysis obtained con-
sistent results on bortezomib-based therapy
for MM. FGFR3 has been considered as a poor
prognostic marker. However, Dawson et al. [37]
found that patients who express FGFR3
respond equally well and have similar out-
comes with bortezomib-based therapy relative
to FGFR3-negative patients. This finding sug-
gests that bortezomib-based therapy can over-
come the resistance mediated by FGFR3 over-
expression. Meanwhile, data concerning the
ability of lenalidomide-based therapy to over-
come the poor prognostic impact of t (4; 14) are
limited. In 130 relapsed/refractory MM patients
treated with lenalidomide plus dexamethasone
(MMO16 trial), those with del (13q) or t (4; 14)
had a similar TTP and OS to patients without

Int J Clin Exp Med 2014;7(11):4051-4062
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Figure 3. Forest plot of the pooled HRs for progression-free survival. A: del 17p; B:
1921+; C: t (4; 14).

these abnormalities; this result suggests that conventional therapy. Interestingly, bortezomib-
lenalidomide-based therapy can partly reverse based therapy can partly increase the PFS of
the prognosis of t (4; 14) [38]. patients with Amp (1g21) (p=0.084). However,

only a few studies have reported the relation
Structural aberrations of chromosome 1 appear between bortezomib-based therapy and Amp
in 40% to 48% of all MM cases [6]. The gain of (1021). A possible explanation for this finding
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14) PFS.

might be attributed to the close relations
between Amp (1g21) and high-risk cytogenetic
abnormalities, such as t (4; 14). A previous
study has determined through multivariate cox
proportional hazard analysis that Amp (1g21) is
not an independent prognostic marker in MM
[39]. This finding suggests that Amp (1g21) is
related to other abnormalities. Gains of 1q are
frequently observed at late stages of MM. Thus,
the locus has a pathogenetic function in dis-
ease progression, and gains are associated
with poor prognosis [47]. Our results also
showed that relapsed/refractory patients with
Amp (1g21) had lower survival times than newly
diagnosed patients. This result suggests that
Amp (1g21) is associated with both disease
progression and poor prognosis.

Meanwhile, del (17p) appears in approximately
10% of all MM cases [2, 14, 24]. This deletion
generally involves a major part of the short arm
of chromosome 17, leading to the loss of sev-

4058

have significantly poor
phr clinical outcomes [50].
Moreover, neither high-
dose therapy nor alloge-
neic transplantation can
overcome the extremely
poor prognosis of pa-
tients with TP53 deletions or mutations [14,
51]. In further stratified analysis, no prominent
effect on individual prognosis was found in
lenalidomide- and bortezomib-based thera-
pies, suggesting that they may not have func-
tions in the cases with del (17p).

The limitations of this meta-analysis should be
investigated. First, it is difficult to eliminate het-
erogeneity by probing into every aspect of con-
founding factors, such as age, gender, tumor
stage, and other genetic aberrations resulting
from rare individual patient data, while the
meta-regression and subgroup analysis were
used to diminish heterogeneity across the arti-
cles. Second, the number of published studies
was not sufficient, especially for the analyses
of the subgroups divided based on the thera-
peutic regimen. Third, most of the selected
studies were from Europe and North America,
and only three studies included Asian and
South American individuals. Therefore, our
results may be applicable only to Europeans
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and North Americans. Last, the HR was extract-
ed according to an internationally acknowl-
edged methodology. Although this methodolo-
gy cannot extract data from all studies and can-
not accurately measure the absolute HR, it may
not cause a significant impact on our study
because of our relatively consistent results.

Heterogeneity and publication bias may influ-
ence the results of the meta-analysis. In our
meta-analysis, no statistically significant het-
erogeneity existed in the overall or subgroup
comparisons. In addition, a significant publica-
tion bias from the three chromosome abnor-
malities was not detected, suggesting the reli-
ability of our results.

This meta-analysis provided a globally quantifi-
able evaluation of the increased hazards on OS
and PFS for MM patients with t (4; 14), del (17p),
and del (13q). Interestingly, our results deter-
mined that bortezomib-based therapies can
improve the prognosis of patients with t (4; 14).
Thus, these abnormalities should be consid-
ered when determining a patient’s disease
stage and therapy. Further research should
focus on the gene-specific prediction for sur-
vival and gene-targeted treatments.
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