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Longer Survival in Patients with Breast Cancer with Cyclin D1 Over-
Expression after Tumor Recurrence: Longer, but Occupied with Disease
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Purpose: The effect of cyclin D1 overexpression on breast cancer
outcomes and prognosis is controversial, even though amplifica-
tion of the cyclin D1 gene, CCND1, has been shown to be asso-
ciated with early relapse and poor prognosis. In this study, we ex-
amined the relationship between cyclin D1 overexpression and
disease-specific survival (DSS). We also analyzed survival in pa-
tients who experienced recurrence. Methods: We retrospectively
analyzed data from patients diagnosed with ductal carcinoma
between April 2005 and December 2010. We examined clinico-
pathologic factors associated with cyclin D1 overexpression and
analyzed the influence of cyclin D1 on recurrence-free survival
and DSS. Results: We identified 236 patients diagnosed with pri-
mary breast cancer who completed all phases of their primary
treatment. Cyclin D1 overexpression was significantly associated
with longer DSS (5-year DSS, 89.9% in patients without cyclin D1
overexpression vs. 98.9% in patients with cyclin D1 overexpres-
sion; p=0.008). Multivariate analysis also found that patients with
cyclin D1 overexpressing tumors had significantly longer disease-

specific survival than patients whose tumors did not overexpress
cyclin D1, with a hazard ratio for disease-specific mortality of 7.97
(1.17-54.22, p=0.034). However, in the group of patients who
experienced recurrence, cyclin D1 overexpression was not signif-
icantly associated with recurrence-free survival. Cyclin D1 over-
expression was significantly associated with increased survival
after disease recurrence, indicating that cyclin D1 overexpression
might be indicative of more indolent disease progression after
metastasis. Conclusion: Cyclin D1 overexpression is associated
with longer DSS, but not recurrence-free survival, in patients with
breast cancer. Longer postrecurrence survival could explain the
apparent inconsistency between DSS and recurrence-free surviv-
al. Patients with cyclin D1-overexpressing tumors survive longer,
but with metastatic disease after recurrence. This information
should spark the urgent development of tailored therapies to cure
these patients.
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INTRODUCTION

Breast cancer is a clinically diverse disease, with differences
among tumors that are driven by multiple genetic alterations
and molecular events [1]. One such genetic alteration in breast
cancer is amplification of the chromosome locus 11q13, which
harbors the cyclin D1 gene, CCNDI [2].

Cyclin D1 is a crucial cell cycle regulator that promotes pro-
gression through G1 and into S phase. Previous studies have
established that cyclin D1 has oncogenic capacity [3]. Over
50% of all primary breast cancers overexpress cyclin D1. The

Correspondence to: Airi Han

Department of Surgery, Yonsei University Wonju College of Medicine,

20 Ilsan-ro, Wonju 220-701, Korea

Tel: +82-33-741-0571, Fax: +82-33-742-1815, E-mail: airihan@yonsei.ac.kr

Received: October 16,2013  Accepted: March 13,2014

© 2014 Korean Breast Cancer Society. All rights reserved.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/

CCNDI1 gene, which produces cyclin D1, is only amplified in
approximately 15% of breast tumors that overexpress cyclin D1
[3-5]. The prognostic and predictive value of cyclin D1 overex-
pression is still controversial because past studies have found
that cyclin D1 overexpression can be related to either good [6-
8] or poor [9,10] prognosis, while CCNDI gene amplification
has been consistently shown to correlate with early relapse and
poor prognosis.

To resolve the inconsistencies of previous studies, we exam-
ined the relationship between cyclin D1 overexpression and
disease specific survival (DSS), recurrence-free survival, and
postrecurrence survival.

METHODS

Patients
We retrospectively identified patients diagnosed with pri-
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mary breast cancer who completed all phases of their primary
treatment at Wonju Severance Christian Hospital between
April 2005 and December 2010. The study was approved by
the respective Institutional Review Board (0000-12-5-035).

Primary treatment for patients with breast cancer was deter-
mined according to the National Comprehensive Cancer Net-
work guidelines and the Health Insurance Review & Assess-
ment Service of Korea (HIRA, http://www:hira.or.kr). In brief,
the guidelines for breast cancer patients recommend the use of
anthracycline-based regimens for patients without nodal me-
tastasis, anthracycline plus taxane-based regimens for patients
with lymph node metastasis, antihormonal therapy for pa-
tients with estrogen receptor (ER)-positive cancer, and trastu-
zumab for patients with human epidermal growth factor re-
ceptor 2 (HER2)-positive cancer.

Medical records were used to ascertain patients’ medical
histories, including age, sex, and pathology results such as tu-
mor size, lymph node status (number of positive lymph nodes,
number of nodes examined), hormonal receptor status, and
HER?2 status. We obtained survival data from the breast can-
cer database at Wonju Severance Christian Hospital and the
Korean National Cancer Center database. Patients with bilat-
eral disease, stage IV disease, or inflammatory breast cancer,
and patients lacking pathology results, were excluded from
this study. For disease specific survival mortality, only patients
who died specifically from breast cancer, and not as the result
of a different disease, were included. Recurrence-free survival
was defined as the time from the start of primary treatment to
the time of first locoregional recurrence, distant recurrence, or
contralateral disease.

Pathological characteristics
Immunohistochemical staining for ER, progesterone receptor, and
HER2

All immunohistochemical staining was observed by light
microscopy. A cutoff value of 1% or more positively stained
nuclei was used to determine ER and progesterone receptor
(PR) positivity. HER?2 staining was analyzed according to the
American Society of Clinical Oncology and College of Ameri-
can Pathologists guidelines using the following categories: 0,
no staining; 1+, weak, incomplete membranous staining in less
than 10% of tumor cells; 2+, complete membranous staining,
either uniform or weak, in at least 10% of tumor cells; and 3+,
uniform, intense membranous staining in at least 30% of tu-
mor cells. HER2 immunostaining was considered to be “posi-
tive” in specimens that received a score of 3+, whereas scores
of 0 to 1+ were regarded as negative. Cases given a score of 2+
were evaluated for HER2 amplification by fluorescence it situ
hybridization.
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Immunohistochemical detection of cyclin D1

Sections 4 pum thick were serially cut from formalin-fixed,
paraffin-embedded tissue samples and mounted on precoated
slides. The anticyclin D1 rabbit monoclonal antibody SP4 (100
L, dilution 1:50; LabVision, Fremont, USA) was used to de-
tect cyclin D1. Immunohistochemical staining was performed
using the Ventana HX BenchMark platform (Ventana Medical
Systems, Tucson, USA) according to the manufacturer’s proto-
col for automated staining.

Cyclin D1 expression levels were determined semiquantita-
tively based on the nuclear staining intensity and positive nu-
clear staining fraction of tumor cells. The staining intensity was
given a score from 0 to 3: 0, negative (no staining of any nuclei,
even at high magnification); 1, weak (only visible at high mag-
nification); 2, moderate (readily visible at low magnification);
or 3, strong (striking positive staining, even at low magnifica-
tion). The tumor cells were also graded on a scale of 0 to 5+
based on the percentage of cells with nuclear staining: 0, no
cells with nuclear staining; 1+, <1% of cells; 2+, 1% to 9% of
cells; 3+, 10% to 32% of cells; 4+, 33% to 67% of cells; or 5+,
>67% of cells. We used the staining intensity scores and the
scores from the positive nuclear fraction analysis to calculate
Allred scores (Figure 1) [2,11].

Statistical analysis

Frequency distributions of categorical variables among vari-
ous groups were compared using chi-square tests. Fisher exact
tests were used if the expected frequencies were < 5. Disease-
specific survival curves were calculated using the Kaplan-Mei-
er method with log-rank tests. The Cox proportional hazards
model was used for multivariate analyses. Statistical analyses
were performed using SPSS software version 20.0 (IBM, Ar-
monk, USA). p-values <0.05 were considered statistically sig-
nificant.

RESULTS

Patient demographics

We identified 253 patients diagnosed with breast cancer who
completed treatment, and 236 of these patients were eligible for
analysis. Patients with bilateral disease (n=1), stage IV disease
(n=8), or inflammatory breast cancer (n=4), and those lack-
ing pathology results (n=4), were excluded from our analysis.
Baseline patient characteristics are summarized in Table 1. The
mean age at diagnosis was 51.6 years. The average tumor size
was 2.55 cm, and 63.6% of patients were node-negative. In our
population, 66.1% of patients were ER-positive, 69.5% were
PR-positive, and 22.9% were HER2-positive. Cyclin D1 was
overexpressed in 81.4% of the patients.

http://dx.doi.org/10.4048/jbc.2014.17.1.47



Longer Survival after Recurrence in Cyclin D1-Overexpression Breast Cancer Patients 49

Figure 1. Microphotographs showing cyclin D1 positive and negative tumors. (A) Cyclin D1 positive breast cancer with histologic grade 1 (H&E stain,
x40) and (B) same tumor with immunohistochemical staining of cyclin D1 and it showed more than 60% tumor cells were cyclin D1 positive (immuno-
histochemical stain for cyclin D1, x400). (C) Cyclin D1 negative breast cancer with histologic grade 3 (H&E stain, x40) and (D) same tumor with im-
munohistochemical staining showed no cyclin D1 positive cells (immunohistochemical stain for cyclin D1, x400).

Cyclin D1 and clinicopathologic factors

Cyclin D1 overexpression was related to lower histologic
grade (p=0.001), ER-positivity (p<0.001), PR-positivity (p <
0.001), and non-triple negative breast cancer (TNBC) (p<
0.001) (Table 2).

Disease-specific survival

DSS was significantly lower in patients with a higher T stage
(p=0.002) or higher N stage (p<0.001). Cyclin D1 overex-
pression was significantly associated with longer DSS (5-year
DSS, 89.9% of patients without overexpressing tumors vs.
98.9% of patients with overexpressing tumors, p=0.008) (Ta-
ble 3, Figure 2). In a multivariate analysis of T stage and N
stage tumors, cyclin D1 overexpression remained significantly
associated with better DSS. The hazard ratio for disease-spe-
cific mortality of the group without cyclin D1 overexpression
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was 7.97 (CI, 1.17-54.22; p=0.034) (Table 4).

Cyclin D1 and recurrence-free survival, indolence, and
postrecurrence survival

Cyclin D1 overexpression did not significantly correlate with
a difference in recurrence-free survival (median of recurrence-
free survival time [MST], 15 months for patients with tumors
expressing cyclin D1 vs. 25 months for patients with tumors
that did not overexpress cyclin D1, p=0.269) (Figure 3). Also,
cyclin D1 overexpression was not associated with any site-spe-
cific predisposition for metastasis. For example, cyclin D1 ex-
pression was not correlated with more cases of bone metasta-
sis, or more cases of visceral metastasis (p=0.580).

Finally, we found that patients with cyclin D1 overexpres-
sion survived significantly longer after disease recurrence than
patients without cyclin D1 overexpression (MST, 61 months
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Table 1. Patients’ characteristics (n=236)

Jaesik Chung, et al.

Table 2. Baseline characteristics by cyclin D1 overexpression

Characteristic No. (%) Characteristic Cyclin D1 overexpression (%) p-value*
Age (yn)* 51.6+11.2 T stage 0.1417
Histology 0 95.5
DCIS 22 9.9 1 83.2
IDC 199 (84.3) 2 76.7
Others 15 (6.4) 3 72.7
Tumor size (cm)* 255+1.74 N stage 0.7371
T stage 0 81.6
Tis 22(9.3) 1 76.3
T1 111 (47.0) 2 80.0
T2 92 (39.0) 3 72.7
T3 114.7) Histologic grade 0.001
N stage 1 91.7
Nx 22(9.3) 2 84.3
NO 150 (63.6) 3 63.0
N1 38 (16.1) ER <0.001
N2 15 (6.3) Negative 64.9
N3 11 (4.7) Positive 89.3
Histologic grade (n=184)" PR <0.001
1 48 (26.7) Negative 61.4
2 82 (44.6) Positive 89.8
3 54 (29.3) HER?2 0.055
ER Negative 78.6
Negative 80(33.9) Positive 91.1
Positive 156 (66.1) Breast cancer subtype <0.001"
PR Luminal A-like 87.6
Negative 72 (30.5) Luminal B-like 100.0
Positive 164 (69.5) HER?2 overexpressed 83.9
HER2 Triple-negative 52.2
Neglgtlve 182(77.1) ER=estrogen receptor; PR=progesterone receptor; HER2 =human epider-
Positive 54(22.9) mal growth factor receptor 2.
Cyclin D1 overexpression *chi-square test; 'Fisher exact test.
Negative 44 (18.6)
Positve 192(81.4) nificantly correlated with ER- and PR-positivity, lower histo-
Brfjii;;n:_e“:;umype 140 (593 logic grade, and the non-TNBC subtype. These relationships
Luminal B-like 35 (14.9) indicate that cyclin D1 overexpression is associated with types
HER2 overexpressed 20(8.5) of breast cancer that have good prognostic features. Cyclin D1
Triple-negative 41(17.4) is known to play a pivotal role in estrogen-induced breast can-

DCIS=ductal carcinoma in situ; IDC=invasive ductal carcinoma; ER=estrogen
receptor; PR=progesterone receptor; HER2=human epidermal growth factor
receptor 2.

*Mean + SD; THistologic grade was available from 184 patients.

vs. 26 months, p=0.012), implying that cyclin D1 overexpres-
sion may indicate more indolent postrecurrence disease pro-
gression (Figure 3).

DISCUSSION

Previous studies have found associations between overex-
pression of cyclin D1 and breast cancer subtypes that are more
indolent, are ER-positive, and have a better prognosis [3,12,13].
In this study, we found that cyclin D1 overexpression was sig-
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cer, since estrogen action is mediated through transcriptional
activation of cyclin D1 and c-myc [3,12,14-16]. This evidence
suggests that cyclin D1 plays a critical role in human breast
cancer cell cycle control. Cyclin D1 is also known to regulate
the growth of estrogen responsive tissues through ligand-
independent ER activation [3,17,18]. Cyclin D1 can bind to
the hormone-binding domain of ER, promoting ER associa-
tion with one of its coactivators and resulting in upregulation
of ER-mediated transcription through a cyclin dependent ki-
nase (CDK)-independent mechanism. This estrogen-inde-
pendent ER-agonistic role of cyclin D1 could underlie the on-
cogenic pathway in ER-positive breast cancer [3,17-19]. How-
ever, the prognostic significance of cyclin D1 overexpression
for breast cancer seems to be inconsistent [2,12,20]. Amplifi-
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Table 3. Univariate Cox regression analysis for disease-specific mortality

Variable HR (95% Cl) p-value
T stage 0.002
T1* 1.0
T2 4.40 (0.45-42.96) 0.203
T3 47.25 (4.40-507.13) 0.001
N stage <0.001
NO, 1* 1.0
N2 27.85 (2.37-327.75) 0.008
N3 150.83 (15.18-1498.30) <0.001
Histologic grade 0.734
1* 1.0
2 2.41(0.26-22.21) 0.438
3 1.81(0.16-20.59) 0.633
ER 0.084
Negative 3.62 (0.84-15.55)
Positive* 1.0
PR 0.601
Negative 1.48(0.34-6.36)
Positive* 1.0
HER2 0.594
Negative* 1.0
Positive 0.56 (0.07-4.76)

Cyclin D1 overexpression 0.006
Negative 7.95 (1.82-34.65)
Positive* 1.0

HR=hazard ratio; Cl=confidence interval; ER=estrogen receptor; PR=
progesterone receptor; HER2 =human epidermal growth factor receptor 2.
“Reference.
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Figure 2. Kaplan-Meier curves for disease specific survival stratified by
cyclin D1 overexpresson. Kaplan-Meier survival curve for patients with
(solid line) or without (dotted line) cyclin D1 overexpression showed sta-
tistically significant different overall survival (p=0.008).

cation of the CCNDI gene at the chromosome locus 11q13 has
even been reported to be a potentially negative prognostic fac-
tor. Our findings indicate that cyclin D1 overexpression is sig-
nificantly correlated with increased disease specific survival.
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Table 4. Cox proportional multivariate hazard model for disease-specific
mortality

Variable HR (95% Cl) p-value*
T stage 0.043
T1t 1.0
T2 1.70(0.16-17.97) 0.662
T3 15.21 (1.17-197.61) 0.037
N stage 0.001
NO, 17 1.0
N2 16.08 (1.27-204.16) 0.032
N3 113.21 (8.86-1447.33) <0.001
Cyclin D1 overexpression 0.034
Negative 7.97 (1.17-54.22)
Positive 1.0

HR=hazard ratio; Cl=confidence interval.
*Cox multivariate regression analysis; "Reference.

Cyclin D1 (-)
Cyclin D1 (+)
| | | | | | | | |
30 20 10 0 10 20 30 40 50 60 70
< >
MST of RFS MST of lethality
Months

Figure 3. Median survival time (MST) of recurrence free survival and sur-
vival after recurrence by cyclin D1 overexpression in patients with experi-
enced recurrence. Cyclin D1 overexpression was not correlated with a
difference in recurrence free survival (p=0.269) but significantly associ-
ated with increased survival after disease recurrence (p=0.012).
RFS=recurrence free survival.

The conflicting views of the prognostic significance of cyclin
D1 stem from the fact that cyclin D1 is thought to play a pivot-
al role in breast cancer progression [3,5,21]. Patients with cy-
clin D1 overexpressing breast cancer have a better prognosis in
terms of longer disease-free survival and overall survival, but
cyclin D1 is thought to play a pivotal role in breast cancer pro-
gression, making it indicative of poor prognosis when progres-
sion is the factor being considered [2,12,20,22]. We believe a
reason for the conflicting information found in the literature
has to do with the fact that breast cancer that overexpresses cy-
clin D1 may progress through more indolent evolutional path-
way among several various evolutionary pathways [11], result-
ing in less aggressive or more dormant breast cancer. It was
initially believed that a CDK-dependent function of cyclin D1
resulted in progression through the G1 phase of the cell cycle,
and that the associated enhanced cellular proliferation was the
mechanism of its oncogenic potential [3,5,21,23]; however, evi-
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dence from various clinical studies has failed to support this
hypothesis. Therefore, it has been suggested that there may be
an alternative, CDK-independent function that results in tu-
morigenesis [3]. Recent studies have shown that cyclin D1 can
interact with a variety of transcription factors such as androgen
receptor, dentin matrix acidic phosphoprotein 1, CCAAT en-
hancer binding protein b, and histone acetylases and deacetyl-
ases that are independent of CDKS, suggesting that cyclin D1
may function as a transcriptional regulator in addition to its
well-established CDK-dependent role in cell cycle progression
[3,8,13,24-28]. From these past studies, we reasoned that breast
cancer that overexpresses cyclin D1 may progress through one
of these evolutionary pathways [13,29,30], resulting in less ag-
gressive or more dormant breast cancer.

We analyzed recurrence-free survival because most breast
cancer deaths are due to metastatic disease, not from the pri-
mary tumor, and we suspected that cyclin D1 overexpression
was associated with a difference in recurrence-free survival.
However, we found that there was no difference in recurrence-
free survival between patients that had tumors that over-
expressed cyclin D1 and those that did not.

Next, we analyzed survival after disease recurrence to try to
understand why there was a statistical difference in DSS, but
not in recurrence-free survival. We found that patients with
cyclin D1-overexpressing breast cancer lived longer, though
this did not mean they lived a disease-free life. Other previous
studies that reported that cyclin D1 overexpression was signif-
icantly associated with longer overall survival also failed to
show a significant difference in disease-free survival.

Though metastatic breast cancer is currently an incurable
disease, it is treatable with serial administration of endocrine,
cytotoxic, and biologic therapies. It is critical that we gain a
better understanding of the features that underlie the clinical
course after disease recurrence in order to identify potential
candidate biomarkers or targets for the subgroup of patients
with more indolent disease progression, even after disease re-
currence. We suggest that our results give a reasonable basis
for future studies of cyclin D1 as a candidate target for pa-
tients who have longer survival even though they are not dis-
ease-free.
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