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Abstract
Purpose: Cyclin D1 has been identified as a proto-oncogene associated with the uncontrolled proliferation of tumor cells. This sys-

tematic review and meta-analysis aims to estimate the prognostic significance of cyclin D1 in multiple myeloma (MM) patients.

Method: We searched for qualified data in PubMed, Embase, and Web of Science up to February 2020. Data quality was assessed

by the Newcastle-Ottawa scale (NOS). Hazard ratios (HRs) and 95% confidence intervals (95% CIs) were used to evaluate the relation-

ship between cyclin D1 expression and overall survival (OS), progression-free survival (PFS)/event-free survival (EFS) in patients with

MM. Result: A total of 13 studies involving 961 patients were included. Overall, pooled analysis revealed significant heterogeneity

between cyclin D1 expression and the prognosis of MM (OS, HR=1.08, 95% CI: 0.71-1.64, I2= 67.9%; PFS/EFS, HR= 0.97, 95%

CI: 0.49-1.93, I2=85.8%). Subgroup analysis revealed that the prolongation of OS was relevant to increased expression of cyclin

D1 in MM patients in the relapsed and refractory group (OS, HR=0.46, 95% CI: 0.24-0.90). Another subgroup assessment of OS

established that MM patients with CCND1 overexpression in the bortezomib group had longer survival time (HR= 0.30, 95% CI:

0.11-0.82), whereas, those overexpressing CCND1 in the conventional chemotherapy group had poor prognosis (HR=2.19, 95%

CI: 1.18-4.08). We also found that increased cyclin D1 expression correlated favorably with PFS in the autologous stem cell transplan-

tation (ASCT) (HR=0.45, 95% CI: 0.28-0.73) or reverse transcription-polymerase chain reaction (RT-PCR) group (HR= 0.41, 95% CI:

0.26-0.64). Conclusion: The result of this meta-analysis suggested that CCND1 overexpression might be a predictive biomarker for

MM patients when treated with bortezomib, receiving ASCT, or in relapsed and refractory period.
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Introduction
Multiple myeloma (MM) is the second most widespread tumor
in the hematological system, and its main feature is the clonal
proliferation of malignant plasma cells in the bone marrow.1

In recent years, with the advent of proteasome inhibitors
(PIs), immunomodulatory drugs (ImiDs), and monoclonal anti-
bodies (Mab), the 5-year survival rate of MM patients has
increased to 40%.2 However, overall, their long-term prognosis
remains unsatisfactory. The soluble IL-6 receptor (sIL-6R),
β2-microglobulin (β2-MG), and TP53 mutation have all been
shown to be valuable to predict survival of MM patients.3-5

Hematologists remain committed to discovering new prognos-
tic indicators to guide clinical individualized treatment more
accurately.

The double allele named CCND1, mostly hyperdiploid, is
expressed in 40% of MM patients.6 Cyclin D1, which is
expressed by the CCND1 gene, belongs to the G1 cyclin
family that promotes progression from the G1 phase to the S
phase by regulating transcription factor E2F-1 and participates
in tumorigenesis and development.7 CCND1 is located at the
second core of the 11q13q14 amplicon and acts as the “promo-
tor” of 11q13q14 amplification. The frequent co-amplification
of the 11q13 gene in cancer suggests the presence of a group
of genes in the amplicons associated with tumor growth and
metastasis dominance, which may be related to double-strand
DNA breaks in fragile chromosomal sites.8,9 The most
common chromosomal translocation involving CCND1 is
t(11;14)(q13;q32), which juxtaposes CCND1 with immuno-
globulin heavy chain enhancer elements, resulting in cyclin
D1 protein expression.10 These reactions and interactions
suggest that cyclin D1 may play a major role in predicting prog-
nosis and making a clinical decision.

So far, there has been evidence from meta-analyses that
CCND1 overexpression has prognostic value in renal cancer,
bladder cancer, oral squamous cell carcinoma, breast cancer,
and melanoma.11-15 However, the relationship between
CCND1 overexpression and the prognosis of MM patients
remains controversial. While Sewify et al16 and Tasidou
et al17 found that expression of CCND1 increased with the pro-
gression of MM, suggesting that MM patients overexpressing
CCND1 have a poor prognosis, Soverini et al18 and Cook
et al19 discovered that cyclin D1 overexpression was linked to
better prognosis of MM patients. Due to the complex nature
of the regulatory mechanism of cyclin D1 in the cell cycle,
there are insufficient evidence-based analyses on the prognostic
significance of cyclin D1 expression in MM. Therefore, in this
systematic review and meta-analysis, we have analyzed the

survival data extracted from publications to provide a basis
for finding new targets for MM treatment.

Materials and Methods
The systematic review and meta-analysis has been registered at
INPLASY (ID: INPLASY 202190019). Our study protocol was
designed and implemented in accordance with PRISMA report-
ing guidelines20 and Cochrane Collaboration criterion.21

Retrieval Strategy
We searched for studies on the relationship between cyclin D1
and the prognosis of MM published up to February 2020 in
PubMed, Web of Science, and EMBASE. We used the
method of subject word + free word search to search the
words “myeloma” or “multiple myeloma” and “cyclin D1 or
CCND1” and “result” or “prognosis” or “survival”without geo-
graphical and linguistic restrictions. To further expand the
scope of retrieval, we also manually searched unretrieved orig-
inal literature and relevant references.

Figure 1. Flowchart of database search and study inclusion.

2 Technology in Cancer Research & Treatment



T
ab

le
1.

D
et
ai
le
d
C
ha
ra
ct
er
is
tic
s
of

In
cl
ud
ed

S
tu
di
es
.

A
ut
ho
r

Y
ea
r

C
ou
nt
ry

M
ea
n

A
ge
(y
ea
r)

S
am

pl
e

S
iz
e

F
ol
lo
w
-u
p

pe
ri
od
(m

on
th
s)

N
D
/

R
R

S
ta
ge

D
et
ec
tio

n
m
et
ho
ds

O
ut
co
m
e

N
O
S

S
tu
dy

de
si
gn

M
ar
ko
vi
c
O

20
04

S
er
bi
a

63
59

29
-3
6

59
/0

D
S
I-
II
I

im
m
un
oh
is
to
ch
em

is
tr
y

O
S

6
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

K
el
le
y
T
W

20
08

U
S
A

59
94

N
R

49
/4
5

S
W
O
G

st
ag
e
l-
IV

im
m
un
oh
is
to
ch
em

is
tr
y

O
S
/P
F
S

7
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

S
ov
er
in
i
S

20
03

It
al
y

53
74

9-
64
,3
4

74
/0

D
S
I-
II
I

R
T
-P
C
R

E
F
S

7
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

C
oo
k
JR

20
06

U
S
A

58
44

N
R

44
/0

N
R

im
m
un
oh
is
to
ch
em

is
tr
y

O
S
/P
F
S

9
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

N
go

B
T

20
10

G
er
m
an
y

67
20

N
R

0/
20

D
S
I-
II
I

R
T
-P
C
R

O
S
/P
F
S

7
R
et
ro
sp
ec
tiv

e
co
ho
rt
st
ud
y

P
ru
ne
ri
G

20
08

It
al
y

64
12
8

27
N
R

D
S
I-
II
I

im
m
un
oh
is
to
ch
em

is
tr
y

O
S
/P
F
S

7
R
et
ro
sp
ec
tiv

e
co
ho
rt
st
ud
y

D
aw

so
n
M
A

20
09

A
us
tr
al
ia

61
89

1-
20
,1
1

0/
89

N
R

im
m
un
oh
is
to
ch
em

is
tr
y

O
S

8
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

M
ai
lle
t
D

20
12

M
ex
ic
o

59
24

1-
54

24
/0

N
R

im
m
un
oh
is
to
ch
em

is
tr
y

O
S

6
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

T
as
id
ou

A
20
12

G
re
ec
e

68
13
0

22
13
0/
0

IS
S
I-
II
I

im
m
un
oh
is
to
ch
em

is
tr
y

O
S

8
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

S
ew

if
y
E
M

20
14

E
gy
pt

59
50

N
R

N
R

IS
S
I-
II
I

F
IS
H

O
S
/P
F
S

7
R
et
ro
sp
ec
tiv

e
co
ho
rt
st
ud
y

R
as
m
us
se
n
T

20
01

D
en
m
ar
k

62
76

N
R

76
/0

D
S
I-
II
I

R
T
-P
C
R

O
S

6
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

H
oe
ch
tle
n-
V
ol
lm

ar
20
00

G
er
m
an
y

63
50

14
50
/0

D
S
I-
II
I

im
m
un
oh
is
to
ch
em

is
tr
y

O
S

7
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

In
ag
ak
i
A

20
13

Ja
pa
n

68
12
3

24
N
R

D
S
I-
II
I

R
T
-P
C
R

O
S
/P
F
S

7
P
ro
sp
ec
tiv

e
co
ho
rt

st
ud
y

A
bb
re
vi
at
io
ns
:
O
S
,
ov
er
al
l
su
rv
iv
al
;
P
F
S
,
pr
og
re
ss
io
n-
fr
ee

su
rv
iv
al
;
E
F
S
,
ev
en
t-
fr
ee

su
rv
iv
al
;
N
R
,
no
t
re
po
rt
;
N
D
,
ne
w
ly

di
ag
no
se
d;

R
R
,
re
la
ps
ed
/r
ef
ra
ct
or
y;

N
O
S
,
N
ew

ca
st
le
-O

tta
w
a
sc
al
e.

3



Inclusion and Exclusion Criteria
Inclusion criteria: (1) studies that detected cyclin D1 expres-
sion/CCND1 amplification in MM cells via immunohistochem-
istry (IHC), reverse transcription-polymerase chain reaction
(RT-PCR) or fluorescence in situ hybridization (FISH); (2)
studies that reported the relationship between cyclin D1 expres-
sion and survival parameters, such as overall survival (OS),
progression-free survival (PFS), and event-free survival
(EFS); (3) studies that divided CCND1 expression into positive
and negative groups; (4) studies that designed a prospective or
retrospective cohort study; (5) studies that provided available
hazard ratios (HRs) and 95% confidence intervals (95% CIs)
for survival analysis.

Exclusion criteria: (1) reviews, case reports, and animal
studies; (2) studies with no available data or no full text
related to the topic; (3) repeated articles. If the selected study
overlapped with data from other published literature, we
selected the latest and largest sample study.

Data Extraction
Two researchers independently extracted the data from prede-
termined included studies: the first author, mean age, year of

publication, sample size, country, detection methods, treatment
methods, clinical-stage, disease phase, follow-up period, prog-
nostic indicators (OS, PFS, EFS, HRs, and 95% CIs) and study
design. If the data information in any study was inadequate, we
requested the full data we needed from the corresponding
author. Any differences of opinion between the two indepen-
dent researchers were settled by consulting a neutral researcher.

Quality Evaluation
The quality of selected studies was assessed by the
Newcastle-Ottawa scale (NOS). We graded the selected articles
based on the choice of the study, comparability between groups,
and determination of the results. Scoring ranged from 0 to 9,
with 0 being the minimum score, and 9 being the maximum
score. Studies with NOS ≥ 6 considered to be of high quality
and low biased risk. All differences between the two observers
involved in the process were settled through dialogue.

Statistical Analysis
The meta-analysis was conducted via the STATA software
(version 16.0). OS and PFS/EFS were used to determine the
prognosis. HRs and 95% CIs were used to evaluate the

Table 2. Main Results of Pooled HRs in the Meta-Analysis.

Comparisons HRs 95% CIs Heterogeneity, I2, % P-value

OS 1.08 0.71-1.64 67.9 0.000
Detection method
IHC 1.19 0.74-1.90 65.1 0.003
RT-PCR 0.57 0.24-1.35 59.3 0.061
Cut-off value
10% 0.73 0.17-3.17 76.6 0.039
20% 1.69 0.61-4.68 83.5 0.002
30% 1.32 0.77-2.27 0 0.629
50% 0.87 0.44-1.71 0 0.321
Cohort studies
Prospective 0.98 0.61-1.58 67.9 0.001
Retrospective 1.45 0.42-5.04 76 0.015
Disease phase
Relapsed and refractory 0.46* 0.24-0.9 0 0.523
Newly diagnosed 1.24 0.73-2.09 73.5 0.000
Treatment
Bortezomib 0.3* 0.11-0.82 0 0.853
Coventional chemotherapy 2.19* 1.18-4.08 59 0.062
PFS 0.97 0.49-1.93 85.8 0.000
Detection method
IHC 1.13 0.75-1.72 35.5 0.199
RT-PCR 0.41* 0.26-0.64 0 0.481
Whether or not ASCT
Non-ASCT 1.28 0.43-3.83 88.2 0.000
ASCT 0.45* 0.28-0.73 0 0.825
Cohort studies
Prospective studies 0.78 0.44-1.39 67.4 0.015
Retrospective studies 1.31 0.22-7.72 93.1 0.000

Abbreviations: OS, overall survival; PFS, progression-free survival; ASCT, autologous stem cell transplantation; RT-PCR, transcription-polymerase chain reaction;
IHC, immunohistochemistry. * means results were statistically significant.
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relationship between CCND1 expression and the prognosis of
MM. For articles that did not directly report HRs and 95%
CIs but provided Kaplan-Meier (KM) curves, we used
Engauge Digitizer4.1 to extract survival data from the KM

curves and then calculated the HRs and 95% CIs. An HR > 1
signified a negative result for CCND1 expression, which is
associated with a poor prognosis. Conversely, an HR < 1
denoted a positive result. Heterogeneity among included

Figure 2. Forest plots for the association between cyclin D1 and (a）OS and (b) PFS/EFS of MM patients.
Abbreviations: OS, overall survival; PFS/EFS, progression-free survival/event-free survival.

Jiang et al 5



Figure 3. Subgroup analysis of overall survival (OS) by (a) different detection methods; (b) cut-off value; (c) cohort studies; (d) disease phases;
(e) treatment. (continued)
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Figure 3. Continued.
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studies was assessed by I2 statistics. For I2 ≥50%, a random-
effects model was applied through inverse variance according
to the Cochrane Collaboration guidelines.21 Otherwise, a
fixed-effect model was adopted. We used Begg’s and Egger’s
tests to find the symmetry on the funnel chart to evaluate the
publication bias on CCND1 expression.22 Results were consid-
ered statistically significant if the 95% CI did not include 1. All
the P values exploited in this paper are bilateral, with P < 0.05
considered statistically significant. In the event of heterogene-
ity, we used the subgroup analysis method to analyze the poten-
tial factors.

Result

Search Result
Based on a previously determined retrieval strategy, the
researchers retrieved 1238 records from the database of which
392 duplicate articles were excluded, and 95 full-text articles
were retrieved by screening titles and abstracts. Of these 95 full-
text articles, 82 were subsequently rejected because of insuffi-
cient data. In the end, 13 cohort studies that reported the rela-
tionship between cyclin D1 expression and survival of MM
patients were included in our meta-analysis.16-19,23-31 The flow-
chart of the specific literature search strategy is shown in
Figure 1.

Research Characteristics and Quality Evaluation
The literature included in this meta-analysis was published from
2000 to 2014, with average follow-up periods between 11 and

36 months. Of the 13 studies evaluated, 10 were prospective
cohort studies and 3 were retrospective cohort studies. Four
studies directly provided HRs and 95% CIs; for the other 9
studies, we derived these values from the given survival
curve. Most of the MM patients were newly diagnosed, and a
few of them were in refractory and recurrent conditions. The
clinical features of the selected studies are shown in Table 1.
The quality of the articles was evaluated per the NOS standard:
3 were of high quality (8-9 points), and 10 were of medium
quality (6-7 points). Overall, the quality of this meta-analysis
was good.

The Relationship Between Expression of Cyclin D1 and
Prognosis
The main results of pooled HRs in the meta-analysis were pre-
sented in Table 2. In general, there was a significant degree of
heterogeneity between CCND1 expression and prognosis (OS,
I2= 67.9%, P= 0.000; PFS/EFS, I2= 85.8%, P= 0.000). Under
the premise, the joint HRs of CCND1 expression were calcu-
lated using the random effect. A comprehensive analysis
revealed no significant correlation between CCND1 expression
and survival (OS, HR= 1.08, 95% CI: 0.71-1.64; PFS/EFS, HR
= 0.97, 95% CI: 0.49-1.93) (Figure 2a and b), but the heteroge-
neity in two groups was significant.

Based on results with great heterogeneity, we categorized the
OS group with sufficient sample data into subgroups and ana-
lyzed them. First, we performed subgroup analysis by detection
of cyclin D1/CCND1. The results showed that differences
between detection methods had no statistically significant

8 Technology in Cancer Research & Treatment



effect on the prognosis (Immunohistochemistry, HR= 1.19,
95% CI: 0.74-1.90; RT-PCR, HR= 0.57, 95% CI: 0.24-1.35)
(Figure 3a). Grouped immunohistochemistry analyses estab-
lished no correlation between cyclin D1 expression and the
prognosis of MM in difference of the critical value (10%, HR
= 0.73, 95% CI: 0.17-3.17; 20%, HR= 1.69, 95% CI:
0.61-4.68; 30%, HR= 1.32, 95% CI: 0.77-2.27; 50%, HR=

0.87, 95% CI: 0.44-1.71). Obviously, there was no clear hetero-
geneity for cut-off values between 30% and 50% (30%, I2=
0%, P= 0.629; 50%, I2= 0%, P=0 .321). Conversely, hetero-
geneity was substantial for critical values between 10% and
20% (10%, I2= 76.6%, P= 0.039; 20%, I2= 83.5%, P=
0.002) (Figure 3b). Another subgroup assessment revealed
less heterogeneity in prospective cohort studies than in

Figure 4. Subgroup analysis of PFS/EFS based on (a) different detection methods; (b) whether to perform ASCT; (c) cohort studies.
Abbreviations: PFS/EFS, progression-free survival/event-free survival; ASCT, autologous stem cell transplantation. (continued)

Jiang et al 9



retrospective studies (prospective cohort study, I2= 67.9%, P=
0.001; retrospective cohort study, I2= 76%, P= 0.015)
although there was no significant association between
CCND1 expression and prognosis in both groups (prospective
cohort study, HR= 0.98, 95% CI: 0.61-1.58; retrospective
cohort study, HR= 1.45, 95% CI:0.42-5.04) (Figure 3c).

To further explore the source of heterogeneity in the OS
group, we conducted subgroup analysis based on the disease
phases and treatment. Our findings based on different disease
phases suggested that CCND1 overexpression in the relapsed
and refractory group was associated with longer survival
periods for MM patients (OS, HR= 0.46, 95% CI: 0.24-0.90),
and there was no significant heterogeneity in this group (I2=
0.0%, P= 0.523). In the newly diagnosed group, cyclin D1
expression was not substantially linked to prognosis (OS, HR=
1.24, 95% CI: 0.73-2.09, I2=73.5%, P= 0.000) (Figure 3d). Per
the results based on the mode of treatment, high cyclin D1 expres-
sion in the traditional chemotherapy group was linked to poor
prognosis (OS, HR=2.19, 95% CI: 1.18-4.08), and the heteroge-
neity in this group was considerably smaller than before (I2= 59%,
P= 0.062). In contrast, CCND1 overexpression in the bortezomib
group was related to better prognosis with no heterogeneity (OS,
HR=0.30, 95% CI: 0.11-0.82, I2= 0.0%, P=0 .853) (Figure 3e).

Similarly, the PFS/EFS group was subdivided by different
CCND1 assays. The forest plot displayed that heterogeneity
of the result was smaller (immunohistochemistry, I2= 35.5%,
P= 0.199; RT-PCR, I2= 0.0%, P= 0.481) and MM patients
with CCND1 overexpression had a better prognosis in the
RT-PCR group (immunohistochemistry, HR= 1.13, 95% CI:

0.75-1.72; RT-PCR, HR= 0.41, 95% CI: 0.26-0.64)
(Figure 4a). Then we conducted subgroup analyses of the
PFS/EFS group based on whether autologous stem cell trans-
plantation (ASCT) was performed. We found that the prognosis
of MM patients with CCND1 overexpression in the ASCT
group was better (HR= 0.45, 95% CI: 0.28-0.73) and there
was no observable heterogeneity (I2= 0%, P= 0.825). The
non-ASCT group had no reference meaning because of its
remarkable degree of heterogeneity (HR= 1.28, 95% CI:
0.43-3.83, I2= 88.2%, P= 0.000) (Figure 4b). Results were
moderately heterogeneous in the prospective cohort study and
highly heterogeneous in the retrospective cohort study (pro-
spective cohort study, I2= 67.4%, P= 0.015; retrospective
cohort study, I2= 93.1%, P= 0.000), although no statistical sig-
nificance existed in the results of both study types (Figure 4c).

Sensitivity Analysis and Publication Bias
In our sensitivity analysis, we eliminated the included studies one
after another and merged HRs to examine the degree of difference
between re-merged HRs and original changes (Figure 5). We
found that re-evaluated HRs did not differ from those obtained
from the first evaluation. As a result of the enormous heterogeneity
among our meta-analyses, a random-effects model was chosen for
statistical analysis. We used Egger’s test and Begg’s test in the
STATA 16.0 software to evaluate publication bias. The assess-
ment of publication bias in the study displayed that shape of the
figure obtained was symmetrical. Egger’s test and Begg’s test

Figure 4. Continued.
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revealed no publication bias on the OS and PFS/EFS of patients, a
nod to the robustness of our findings (Figure 6).

Discussion
Cyclin D1 is a member of the protein kinase family that reg-
ulates cell cycle progression, binding to cyclin-dependent

kinases (CDK4 or 6) to form a complex that produces activ-
ity.32 Cyclin D1 plays a key role in healthy cells’processes
through a series of phosphorylation and inactivation of
tumor proteins in retinoblastoma.33 It has been shown that
the uncontrolled expression of cyclin D1 is an early and
unified event in MM. Besides, CCND1 overexpression of
MM patients is possibly associated with t(11;14)(q13;q32)
and polyploidy on chromosome 11.34,35 These findings

Figure 5. (a) Sensitivity analysis of OS; (b) Sensitivity analysis of PFS/EFS.
Abbreviations: OS, overall survival; PFS/EFS, progression-free survival/event-free survival.

Jiang et al 11



suggested that hematologists could use cyclin D1 as a new
prognostic indicator.

Recently, Tasidou et al17 followed up 130 patients with
newly diagnosed MM for 22 months and noted that CCND1
overexpression was associated with poor survival in MM
patients. Relevant discoveries in other previous studies
seemed to support the point Tasidou made. First, it was demon-
strated that increased expression of cyclin D1 promotes tumor
cell proliferation and interferes with the synergistic effect of

tumor suppressor genes on cell transformation.36 Casimiro
et al37 then established that overexpression of the cyclin
protein, which was linked to the proliferation and metastasis
of MM cells, also affected the signal transduction process
and expression of TSP-1. However, this conclusion has
been questioned in recent years. Cook et al19 suggested
CCND1 overexpression benefited the prognosis of MM and
increased the OS. Meanwhile, Pruneri et al29 negated the
above 2 inferences through a small sample study, revealing

Figure 6. Begg’s funnel plots for the meta-analyses of the association between cyclin D1 and (a) OS or (b) PFS/EFS of MM.
Abbreviations: OS, overall survival; PFS/EFS, progression-free survival/event-free survival, MM, multiple myeloma.
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rather that there was no significant correlation between the
CCND1 expression and survival time of MM patients. In
short, opinions on the relationship between CCND1 expres-
sion and the prognosis of MM differ among investigators.
Now CCND1 expression in the prognosis of MM remains
uncertain, so we conducted a detailed meta-analysis to
provide a statistical basis for the prognostic value of cyclin
D1 expression in MM patients.

In general, our meta-analysis established no significant cor-
relation between CCND1 overexpression and the prognosis of
MM. However, bearing in mind the heterogeneity of results,
we performed subgroup analyses of the OS group and found
that MM patients with CCND1 overexpression tend to have a
poor prognosis when treated with traditional chemotherapy,

which validates the findings of Sewify et al.16 In contrast,
high expression of cyclin D1 acted as a favorable prognostic
factor for MM patients treated with bortezomib. The possible
mechanisms supporting our results are as follows: Combining
CCND1 with cyclin kinase CDK4 phosphorylates the Rb
protein. The phosphorylated Rb protein is dissociated from
the E2F transcription factor, and the E2F transcription factor
starts to transcribe the genes that activate the cell cycle,
driving the cell cycle from the G1 phase to the S phase.38

NF-κB, an important nuclear factor in the pathogenesis of
MM, tends to promote CCND1 expression. Bortezomib, now
widely used to treat MM, can regulate CCND1 expression by
inhibiting the activity of NF-κB, subsequently obstructing cell
proliferation.39 Furthermore, studies have shown that

Figure 7. Mechanism diagram for interaction between bortezomib and cyclin D1 is displayed in the figure below. Bortezomib can regulate
expression of cyclin D1 by inhibiting the activity of NF- κB and down-regulating expression of EIF4EmRNA to reduce expression of
CCND1mRNA. Cyclin D1/CDK4 activity plays an important role in the induction of NOXA protein, thus directly enhancing the anti-tumor effect
of bortezomib. Besides, cyclin D1 can enhance the effect of bortezomib on PERK/CHOP axis and activate unfolded protein response (UPR) to
induce the apoptosis pathway of bortezomib through endoplasmic reticulum (ER) stress.
Abbreviations: NF-κB, nuclear factor kappa-B; EIF4E, eukaryotic initiation factor 4E; NOXA, A BH3-only member of Bcl-2; AKT, protein kinase B; PERK,
PKR-like ER kinase; CHOP, C/EBP-homologous protein; UPR, unfolded protein response; ER, endoplasmic reticulum; Rb, retinoblastoma gene; E2F, the E2F
family of DNA-binding transcription factors; P, phosphoric acid.
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bortezomib down-regulates EIF4E mRNA expression to reduce
CCND1mRNA levels, resulting in the arrest of MM cells at the
G1/S phase. Therefore, MM patients with CCND1 overexpres-
sion could be more sensitive to bortezomib and have a better
prognosis.40 The proteasome inhibitor, bortezomib, mediates
cell death by facilitating the stability of the NOXA protein,
one of the pro-apoptotic members of the Bcl-2 family. The
NOXA protein requires the CCND1/CDK4 activity for effec-
tive accumulation, with this accumulation increasing the sensi-
tivity of tumor cells to bortezomib. There is evidence that
inhibiting the activity of CCND1/CDK4 reduces the degree of
induction of the NOXA protein by bortezomib.41

Remarkably, bortezomib can mediate antitumor effects via
CHOP transcription or by increasing the PERK activity,
whereas CCND1 expression can enhance the effect of bortezo-
mib on the PERK/CHOP axis. At the same time, CCND1 can
also activate the unfolded protein response (UPR) to induce
bortezomib’s apoptosis pathway mediated by endoplasmic
reticulum (ER) stress.42 The mechanisms that reflect the rela-
tionship between bortezomib and cyclin D1 are shown in
Figure 7.

Remarkably, MM patients with CCND1 overexpression had
better OS in the subgroup with relapsed and refractory recur-
rence, possibly owing to the high utilization rate of bortezomib.
We also found that MM patients with high CCND1 levels in the
ASCT group was more likely to have a longer PFS than individ-
uals in the non-ASCT group. Based on Soverini’s research, this
better survival tended to be associated with transplantation itself
and had no obvious correlation with treatment before and after
ASCT.18

In particular, our subgroup analysis showed that results were less
heterogeneous when CCND1 was detected by RT-PCR, the immu-
nohistochemical threshold above 30%, or prospective cohort study
methods were used. Therefore, a more than 30% immunohisto-
chemical threshold can be selected as a positive result to reduce het-
erogeneity. Additionally, more samples and higher-quality
prospective studies can be performed to further elucidate the rela-
tionship between cyclin D1 expression and MM prognosis.

Despite our endeavor to avoid errors and improve the cred-
ibility of our statistical results, this investigation still had limi-
tations: (1) The total number of subjects included in the study
was not large enough, meaning that the assessment of MM
patients was not representative enough. (2) There was no
single defined method for determining CCND1 expression,
including IHC, RT-PCR, and FISH. (3) A subset of data such
as follow-up time and mode of treatment, were not mentioned
in certain cases, resulting in the incompleteness of the sub-
groups. (4) The patients’ age, nationality and research
methods differed and resulted in the heterogeneity of results.

Nevertheless, this is the first meta-analysis to assess the
prognostic value of cyclin D1 expression in MM. As a potential
prognostic factor, cyclin D1 provides a new direction to evalu-
ate the survival status of MM patients. On the basis of the qual-
itative analysis of the included articles, we offer the following
recommendations for future cohort studies. First, attention
should be paid to the combined impact of genetics and

environmental factors on prognosis. Second, more standardized
and automated procedures could be developed for specimen
collection and detection. Furthermore, prospective studies
with greater sample sizes and longer follow-up periods must
be scrutinized.

Conclusion
Our meta-analysis showed that cyclin D1 may deserve as a val-
uable prognostic biomarker for MM. MM patients overexpress-
ing CCND1 treated with bortezomib or receiving ASCT are
more likely to have better prognoses. Besides, the increased
expression of CCND1 in relapsed and refractory MM patients
probably be associated with survival benefits.
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