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Abstract Cyclin E is an important regulator of cell cycle
progression. Various studies examined the relationship be-
tween cyclin E overexpression with the clinical outcome in
patients with breast cancer but yielded conflicting results.
Electronic databases updated to May 2013 were searched to
find relevant studies. A meta-analysis was conducted with
eligible studies which quantitatively evaluated the relationship
between cyclin E overexpression and survival of patients with
breast cancer. Survival data were aggregated and quantitative-
ly analyzed. We conducted a final analysis of 7,759 patients
from 23 eligible studies and evaluated the correlation between
cyclin E overexpression and survival in patients with breast
cancer. Combined hazard ratios suggested that cyclin E
overexpression had an unfavorable impact on overall survival
(OS) (hazard ratio (HR) = 1.30, 95% confidence interval (CI),
1.12–1.49) and breast cancer-specific survival (BCSS)
(HR=1.48, 95 % CI, 1.03–1.93), but not disease-free survival
(HR=1.11; 95%CI, 0.96–1.27) in patients with breast cancer.
Significantly, risks were found among stage I–II breast cancer
for (HR=1.75; 95 % CI, 1.30–2.19). Cyclin E overexpression
is associated with poor OS and BCSS in breast cancer.
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Introduction

Breast cancer is the most commonly diagnosed cancer and
the leading cause of cancer death in females worldwide,

accounting for 23 % of the total new cancer cases and
14 % of the total cancer deaths in 2008 [1]. The signif-
icant improvements in both disease-free survival (DFS)
and overall survival (OS) following breast cancer diag-
nosis are due to the extensive use of adjuvant systematic
therapies such as mastectomy, radiotherapy, chemothera-
py, hormone treatment, and biological therapy. Prognos-
tic factors are frequently helpful in the clinical manage-
ment of breast cancer patients and have the potential to
improve the quality of individual care for these patients
[2]. Several independent prognostic factors for patient
survival have been identified, including tumor size, his-
tological grade, nodal status, hormone receptor status,
HER-2 status, and patient age [3–5]. However, the dis-
criminant value of most potential prognostic biological
markers is insufficient to predict the optimal therapeutic
course for an individual.

Cell cycle checkpoints are critical episodes in controlling
cell proliferation paradigm [6, 7]. Indeed, cell cycle is regu-
lated by the multiple actions of cyclins, cyclin-dependent
kinase (CDK), and CDK inhibitors [8]. Many tumors, such
as colon, breast, and gastric carcinomas appear to deregulate
or amplify cyclin expression, especially cyclin E. This cru-
cially exerts its action during the transition of G1 into S
phase of the cell cycle. Cyclin E activity is also needed for
the initiation of DNA replication and regulating genes es-
sential for proliferation and progression through S phase
[9–11].

Many studies have evaluated whether the overexpression
of cyclin E may be a prognostic factor for survival in patients
with breast cancer. However, the results of the studies are
inconclusive, and no consensus has been reached. It is un-
known whether differences in these investigations have been
mostly due to their limited sample size or genuine heteroge-
neity. We therefore carried out a meta-analysis of published
studies to quantitatively review the effects of cyclin E
overexpression in tumor tissue on survival in patients with
breast cancer.
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Materials and methods

Search strategy and study selection

The electronic databases PubMed, Embase, and China Na-
tional Knowledge Infrastructure were searched for studies to
include in the present meta-analysis. An upper date limit of
May 01, 2013 was applied; we used no lower date limit.
Searches included the terms “breast,” “cancer or carcinoma
or tumor or neoplasm,” “Cyclin E,” and “prognosis.” We
also reviewed the Cochrane Library for relevant articles. The
references reported in the identified studies were also used to
complete the search.

Studies eligible for inclusion in this meta-analysis met the
following criteria: (1) measure cyclin E expression in the
primary breast cancer tissue with immunohistochemistry
(IHC) or reverse transcription-polymerase chain reaction
(RT-PCR); (2) provide information on survival (i.e., DFS
and/or OS, and/or breast cancer-specific survival (BCSS),
studies investigating response rates only were excluded); (3)
When the same author reported results obtained from the
same patient population in more than one publication, only
the most recent report, or the most complete one, was in-
cluded in the analysis. Two reviewers (S.G. and J.M.) inde-
pendently determined study eligibility. If these two authors
could not reach a consensus, another author (C. L.) was
consulted to resolve the dispute and a final decision was
made by the majority of the votes.

Data extraction and quality assessment

The final articles included were assessed independently by
two reviewers (S.G. and J.M.). Data retrieved from the re-
ports included author, publication year, patient source, test
method, definition of positivity (cutoff value), follow-up,
and survival data (Table 1). If data from any of the above
categories were not reported in the primary study, items were
treated as “not applicable.” We did no contact the author of
the primary study to request the information. We did not use
prespecified quality-related inclusion or exclusion criteria
and did not weigh each study by a quality score, because
the quality score has not received general agreement for use
in a meta-analysis, especially observational studies [12].

Statistical methods

Included studies were divided into two groups for analysis:
those with data regarding OS/BCSS and those regarding
DFS. For the quantitative aggregation of the survival results,
we measured the impact of cyclin E overexpression on
survival by hazard ratio (HR) between the two survival
distributions. HRs and 95 % confidence intervals (CIs) were
used to combine as the effective value. If the HRs and their

95 % CIs were given explicitly in the articles, we used crude
ones. When these variables were not given explicitly, they
were calculated from the available numerical data using
methods reported by Parmar et al. [13].

Heterogeneity of the individual HRs was calculated with χ2

tests according to Peto’s method [14]. Heterogeneity test with
inconsistency index (Ι2) statistic andQ statistic was performed.
If HRs were found to have fine homogeneity, a fixed effect
model was used for secondary analysis; if not, a random-effect
model was used. DerSimonian–Laird random-effects analysis
[15] was used to estimate the effect of cyclin E overexpression
on survival. By convention, an observed HR >1 implies worse
survival for the group with cyclin E overexpression. The
impact of VEGF on survival was considered to be statistically
significant if the 95 % CI did not overlap with 1. Horizontal
lines represent 95 % CIs. Each box represents the HR point
estimate, and its area is proportional to the weight of the study.
The diamond (and broken line) represents the overall summary
estimate, with CI represented by its width. The unbroken
vertical line is set at the null value (HR =1.0).

Evidence of publication bias was sought using the
methods of Egger et al. [16] and of Begg et al. [17]. Intercept
significance was determined by the t test suggested by Egger
(P<0.05 was considered representative of statistically sig-
nificant publication bias). All of the calculations were
performed by STATA version 11.0 (STATA Corporation,
College Station, TX).

Results

Study selection and characteristics

Twenty-three studies [18–40] published between 1997 and
2010 were eligible for this meta-analysis. All reported the
prognostic value of cyclin E status for survival in breast cancer
patients. The total number of patients included was 7,759,
ranging from 56 to 2,032 patients per study (median sample
size, 337 patients). The major characteristics of the 23 eligible
publications are reported in Table 1. The studies were
conducted in 14 countries (USA, Norway, South Africa, Ko-
rea, Germany, Netherlands, Sweden, Argentina, Canada, Po-
land, Belgium, Italy, and France). Among the 23 studies, two
studies were performed in Asian populations, and the
remaining 21 studies followed non-Asian patients. All patients
in the eligible studies were determined by pathological stage.

All of the studies reported the prognostic value of cyclin E
status for survival in patients with breast cancer. Of the 23
studies, 19 directly reported HRs (multivariate analysis),
while the other four studies provided survival curves. Estima-
tion using survival curves were segregated according to either
DFS or OS/BCSS. A HR on DFS and OS/BCSS could be
extracted for nine and 20 publications of studies, respectively.
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Four of the nine studies identified cyclin E overexpression as
an indicator of poor DFS, and the other five studies showed no
statistically significant impact of cyclin E overexpression on
DFS. Thirteen of the 20 studies identified cyclin E
overexpression as an indicator of poor OS/BCSS, and the
other 7 studies showed no statistically significant impact of
cyclin E overexpression on OS/BCSS. Of the 23 studies, 4
studies detected the cyclin E expression by RT-PCR, other 19
studies performed by IHC.

Meta-analysis

The results of the meta-analysis were shown in Table 2.
Overall, the combined HR for nine eligible studies evaluat-
ing cyclin E overexpression on DFS was 1.11 (95 % CI,

0.96–1.27), suggesting that cyclin E overexpression was not
associated with poor prognosis of DFS for breast cancer
(Fig. 1). However, significant heterogeneity was observed
among the studies (Q=7.39, I2=76 %, P=0.000). When
grouped according to the methods for detecting cyclin E
expression, the combined HRs for IHC and RT-PCR were
1.14 (95 % CI, 0.96–1.31) and 1.03 (95 % CI, 0.69–1.37),
respectively, indicating cyclin E was not an indicator of poor
prognosis of DFS in all different methods for detecting
cyclin E expression

However, statistically significant effect on OS and BCSS
for cyclin E overexpression in patients with breast cancer
was observed (for OS: HR=1.30; 95 % CI, 1.12–1.49; for
BCSS: HR=1.48; 95 % CI, 1.03–1.93), suggesting that
cyclin E overexpression was an indicator of poor prognosis
for OS and BCSS of breast cancer (Fig. 2). No significant

Table 1 Main characteristics and results of the eligible studies

First author-year Patients
source

N pts TNM
Stage

Method Cutoff Follow-up
(months)

HR estimation HR (95 %CI)

Porter-1997 USA 278 NA IHC >begin 62 HR OS 2.40 (1.10–5.20)

Bukholm-2001 Norway 170 NA IHC 30 % NA Surv. curves DFS 1.08 (0.63–1.85)

OS 0.76 (0.42–1.38)

Donnellan-2001 South Africa 157 I–III IHC 5 % NA Surv. curves OS 4.86 (2.11–11.19)

Kim-2001 Korea 128 I–III IHC 50 % 70 HR DFS 2.05 (0.95–4.43)

OS 1.53 (0.66–3.53)

Keyomarsi-2002 USA 395 I–IV IHC >begin 77 HR BCSS 13.3 (5.8–30.2)

Rudolph-2003 Germany 273 I IHC 10 % 99 HR DFS 3.77 (2.47–5.76)

BCSS 2.38 (1.08–5.78)

Han-2003 Korea 175 I–II IHC 10 % 59 HR OS 2.74 (1.44–3.54)

Span-2003 Netherlands 277 I–III RT-PCR NA 75 NA DFS 0.64 (0.32–1.26)

Foulkes-2004 USA 241 NA IHC 50 % 95 HR BCSS 1.99 (1.16–3.41)

Lindahl-2004 Sweden 270 NA IHC NA 122 HR OS 2.10 (1.10–4.10)

Peters-2004 Argentina 56 I–II IHC 10 % NA Surv. curves DFS 4.63 (1.36–8.92)

Arnes-2005 Canada 261 NA IHC NA 117 HR OS 2.00 (1.16–3.43)

Brennan-2006 Sweden 400 II IHC 25 % 166 HR BCSS 1.12 (0.70–1.79)

Chappuis-2005 Canada 278 NA IHC 10 % 96 HR BCSS 2.6 (1.6–4.4)

Callagy-2006 USA+UK 651 I–III IHC 25 % 116 HR OS 1.95 (1.31–2.90)

Potemski-2006 Poland 124 I–III IHC 2 % 61 HR OS 3.1 (1.0–9.2)

Porter-2006 USA 2,032 I–III IHC NA 84 HR DFS 1.09 (0.92–1.29)

OS 1.12 ( 0.91–1.38)

Desmedt-2006 Belgium 205 I–III RT-PCR NA 97 HR DFS 2.26 (1.36–3.74)

Sieuwerts-2006 Netherlands 635 I–II RT-PCR NA 95 HR DFS 3.40 (2.31–5.03)

OS 2.45 (1.74–3.44)

Somlo-2008 USA 239 I–III RT-PCR NA NA HR DFS 0.89 (0.47–1.67)

OS 1.17 (0.59–2.33)

Lemée-2010 France 206 III IHC NA NA HR OS 2.27 (1.05–5.0)

Potemski-2009 Poland 174 I–III IHC 2 % 62 HR OS 3.2 (1.3–8.2)

Sgambato-2009 Italy 134 I–III IHC NA 72 HR OS 1.43 (0.48–4.28)

IHC immunohistochemistry, RT-PCR reverse transcription-polymerase chain reaction, NA not available, HR hazard ratio, OS overall survival, DFS
disease-free survival, BCSS breast cancer-specific survival
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heterogeneity was observed among the studies on cyclin E
overexpression on BCSS (Q=3.58, I2=56.6 %, P=0.059)
and significant heterogeneity was observed among the stud-
ies on OS (Q=4.18, I2=57.6 %, P=0.003). When we aggre-
gated five studies that reported results for stage I–II breast
cancer, the combined HR for DFS and OS was statistically
significant: HR 1.75 (95 % CI, 1.30–2.19; Q=16.7;
I2 =76.1 %; P=0.002 for heterogeneity) (Fig. 3).

Publication bias

Begg’s funnel plot and Egger’s test were performed to assess
the publication bias in the literature. All nine eligible studies
investigating cyclin E overexpression on DFS yielded a
Begg’s test score of P=0.835 and an Egger’s test score of
P=0.293, meanwhile according to the funnel plot (Fig. 4),
the absence of publication bias was found. Similar results
were found for investigating cyclin E overexpression on OS

(a Begg’s test score of P=0.456 and an Egger’s test score of
P=0.828) (Fig. 5). These results suggested that there were no
publication biases in these subgroup analyses.

Discussion

Cyclin E is an important cell cycle regulator, which promotes
G1/S transition by activation of CDK2 kinase activity [41,
42]. Cyclin E expression in normal dividing cells is
upregulated at late G1 phase by transcription activation
through E2F family transactivators [43]. The accumulated
cyclin E at G1/S boundary simultaneously forms complex
with CDK2 and subsequently promotes initiation of DNA
replication and centrosome duplication. The abundant cyclin
E eventually becomes phosphorylated and destroyed by
ubiquitin-mediated proteolysis that allows normal cell cycle
progression [44, 45]. However, the level of cyclin E and
activity of cyclin E–CDK2 can be aberrantly regulated and

Table 2 Meta-analysis: HR val-
ue of DFS and OS in breast
cancer

IHC immunohistochemistry,
RT-PCR reverse transcription-
polymerase chain reaction, HR
hazard ratio, Nb number of stud-
ies, OS Overall survival, BCSS
breast cancer-specific survival,
DFS Disease-free survival

Nb Random effects HR (95 % CI) χ2 heterogeneity test (P)

Overall for DFS 9 1.11 (0.96–1.27) 0.000

IHC 5 1.14 (0.96–1.31) 0.006

RT-PCR 4 1.03 (0.69–1.37) 0.000

Overall for OS and BCSS 20 1.33 (1.16–1.50) 0.001

OS 15 1.30 (1.12–1.49) 0.003

BCSS 5 1.48 (1.03–1.93) 0.059

DFS and OS for stage I–II 5 1.75 (1.30–2.19) 0.002

Fig. 1 Meta-analysis (Forest
plot) of the nine evaluable
studies assessing cyclin E in
breast cancer stratified by
methods by IHC or RT-PCR
for DFS
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this excessive activity of the cyclin E–CDK2 complex, in
turn, drives cells to replicate their DNA prematurely,
resulting in genome instability [46] and tumorigenesis [8].

The present meta-analysis has combined 23 publications
including 7,759 patients with breast cancer to yield statistics,
indicating a statistically significant role of cyclin E on OS

and BCSS in breast cancer, but not on disease-free survival.
In subgroup analysis according to the different test methods
on cyclin E for DFS, statistically significant detrimental
effect of VEGF-C was not found for IHC or RT-PCR. When
analysis was restricted to stage I–II breast cancer, we found
that the combined HR (1.75) was larger than the combined

Fig. 2 Meta-analysis (Forest
plot) of the 20 evaluable studies
assessing cyclin E in breast
cancer stratified by OS and
BCSS

Fig. 3 Meta-analysis (Forest
plot) of the five evaluable
studies assessing cyclin E in
stage I–II breast cancer stratified
by DFS and OS
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HR for all 20 eligible studies of stages I–III (1.33),
suggesting that cyclin E expression could be an important
prognostic factor for early-stage breast cancer.

Our data were consistent with the results of a previous
meta-analysis [47] published in 2006 that showed an associ-
ation between cyclin E overexpression and poor overall
survival of patients with breast cancer. That analysis [47]
included only 12 studies, and the data were insufficient to
determine the prognostic value of cyclin E in different test
methods and disease stage. We have improved upon that
previous meta-analysis by including more recent related
studies and by generally using a more comprehensive search
strategy. Screening, study selection, and quality assessment
were performed independently and reproducibly by two re-
viewers. We also explored heterogeneity and potential pub-
lication bias in accordance with published guidelines. In
addition, we performed the combined HR for subgroups
divided according to disease stage and method of cyclin E
detection.

Diversity within the test methods used to identify alter-
ation of the cyclin E status is a potential source of bias. The
test methods with IHC varied considerably among the 19
studies in our analysis. The primary antibodies used were not
identical, and many different cutoffs for cyclin E positive
tissues (2–50 %, different scores) were used. To exclude
technique bias, subgroup analyses were performed for the
most frequently used methods: IHC and RT-PCR. The results
were consistent within all methods, with poorer survival in
cases where cyclin E was overexpressed, suggesting that the
techniques are unlikely to be a source of bias. However, it is
still important to use well-defined, standardized methods to
reproducibly evaluate biological markers.

The heterogeneity issue was complicated in the systemat-
ic review and meta-analysis. We found the significant het-
erogeneity among all studies included and subgroup analy-
sis. Another potential source of bias is related to the method
of HR and 95 % CI extrapolation. If these statistics were not
reported by the authors, we calculated them from the data
available in the article. If this was not possible, we extrapo-
lated them from the survival curves, necessarily making
assumptions about the censoring process. Data for multivar-
iate survival analysis reported in the article were included in
the present systematic review with meta-analysis; if these
data were not available, data calculated from survival curves
by univariate analysis were included. These results should be
confirmed by an adequately designed prospective study.
Furthermore, the exact value of cyclin E overexpression
status needs to be determined by appropriate multivariate
analysis. Unfortunately, few prospectively designed prog-
nostic studies concerning biomarkers have been reported;
thus, our collection of many retrospective studies revealed
more significance.

Publication bias [48] is a major concern for all forms of
meta-analysis; positive results tend to be accepted by
journals, while negative results are often rejected or not even
submitted. The present analysis does not support publication
bias; the obtained summary statistics likely approximate the
actual average. However, it should be noted that our meta-
analysis could not completely exclude biases. For example,
the study was restricted to papers published in English and
Chinese, which probably introduced bias.

In conclusion, despite the limitations described above, we
concluded that cyclin E overexpression was associated with
poor overall OS and BCSS in breast cancer, but not DFS. To
strengthen our findings, well-designed prospective studies
with better standardized assessment of prognostic markers
should help to explore the relation between cyclin E
overexpression and survival of breast cancer.
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