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Abstract
Background: Bcl-2 is positively regulated by hormonal receptor pathways in breast cancer. A
study was conducted to assess the prognostic significances of clinico-pathologic variables and of ER,
PR, p53, c-erbB2, bcl-2, or Ki-67 as markers of relapse in breast cancer patients who had received
the identical adjuvant therapy at a single institution.

Methods: A cohort of 151 curatively resected stage III breast cancer patients (M:F = 3:148, median
age 46 years) who had 4 or more positive lymph nodes and received doxorubicin and
cyclophosphamide followed by paclitaxel (AC/T) as adjuvant chemotherapy was analyzed for
clinico-pathologic characteristics including disease-free survival (DFS) and overall survival (OS).
Patients with positive ER and/or PR expression received 5 years of tamoxifen following AC/T. The
protein expressions of biomarkers were assessed immunohistochemically.

Results: The median follow-up duration was 36 months, and 37 patients (24.5%) experienced a
recurrence. Univariate analyses indicated that the tumor size (P = 0.038) and the number of
involved lymph nodes (P < 0.001) significantly affected the recurrences. However, the type of
surgery, the histology, histologic grade, the presence of endolymphatic emboli, and a close
resection margin did not. Moreover, ER positivity (P = 0.013), bcl-2 positivity (P = 0.002) and low
p53 expression (P = 0.032) were found to be significantly associated with a prolonged DFS.
Furthermore, multivariate analysis identified 10 or more involved lymph nodes (HR 7.366; P <
0.001), negative bcl-2 expression (HR 2.895; P = 0.030), and c-erbB2 over-expression (HR 3.535;
P = 0.001) as independent indicators of poorer DFS. In addition, bcl-2 expression was found to be
significantly correlated with the expressions of ER and PR, and inversely correlated with the
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expressions of p53, c-erbB2 and Ki-67. Patients with bcl-2 expression had a significantly longer DFS
than those without, even in the ER (+) subgroup. Moreover, OS was significantly affected by ER,
bcl-2 and c-erbB2.

Conclusion: Bcl-2 is an independent prognostic factor of DFS in curatively resected stage III breast
cancer patients and appears to be a useful prognostic factor in combination with c-erbB2 and the
number of involved lymph nodes.

Background
Many therapeutic modalities have become available for
the treatment of breast cancer. As a consequence, interest
has grown for the delineation of prognostic markers iden-
tifying subsets of patients more likely to benefit from
adjuvant systemic therapies and for the development of
predictive markers for response to diverse treatments.
Adjuvant systemic chemotherapy reduces the risk of recur-
rence and death in breast cancer. Taxane-containing adju-
vant regimens have been reported to be more effective
than anthracycline-based regimens for curatively resected
node-positive breast cancer [1,2]. Doxorubicin/cyclo-
phosphamide followed by paclitaxel (AC/T) is generally
accepted as a standard for patients with node-positive
breast cancer [3,4].

Analyses of the usefulness of clinico-pathologic variables
as prognostic and predictive factors are clinically impor-
tant, but invariably imperfect. Hormonal receptor and C-
erbB2 expressions aid the selection of therapies, such as,
tamoxifen and trastuzumab, and are also used to select
adjuvant chemotherapies [5,6]. However, more accurate
and convenient markers are needed to identify patient
subgroups requiring individualized adjuvant chemother-
apy.

Most anticancer agents, independently of their mecha-
nisms of action, kill cancer cells by inducing apoptosis in
response to a drug-induced damage. Alterations in the reg-
ulatory mechanisms of apoptosis are, therefore, responsi-
ble not only for the progression of breast cancer, but for
different response to treatment as well [7].

Bcl-2 is a cytoplasmic protein belonging to the bcl-2 fam-
ily, is expressed in normal glandular epithelium, but it is
overexpressed in 25%–50% of breast cancers [8]. The bcl-
2 gene was initially identified in human B-cell lymphoma
because of its activity as an inhibitor of apoptosis in can-
cer cells. Other members of the bcl-2 family, such as bax,
also promote apoptosis [9]. As a consequence, the expres-
sion of bcl-2 in cancer cells is thought to inhibit apoptosis
and therefore relate to a worse outcome. However, the
expression of bcl-2 in breast cancer has been found to be
associated with favorable prognostic factors such as
smaller tumor size, ER positivity, and low nuclear grade.
Bcl-2 also predicts a more favorable outcome in metastatic

disease as well as in early breast cancer patients who
received heterogeneous adjuvant chemo- and hormonal
therapies [10-13]. One possible explanation is that the
acquisition of bcl-2 expression creates a restrictive envi-
ronment for the expansion of genetically unstable and
potentially malignant p53-deficient cells, causing a delay
in tumor progression and explaining the different prog-
nostic value of bcl-2 and p53 [14]. In addition, bcl-2 is
known to be up-regulated by estrogen and to be down-
regulated by p53 [15,16]. However, reports are contradic-
tory concerning whether bcl-2 is an independent predic-
tive marker for responses to primary chemotherapy [17].

In the present study, immunohistochemical staining was
used to determine the prognostic significance of ER, PR,
p53, c-erbB2, bcl-2, and Ki-67 expression in a homoge-
nous patient cohort who received AC/T as adjuvant ther-
apy for stage III breast cancer at a single institution.

Methods
Patients and treatment
Patients meeting the following characteristics were chosen
from electronically archived medical records: (1) Curative
resection of breast cancer at Seoul National University
Hospital, Korea between 1999 and 2004; (2) Pathologi-
cally determined involvement of 4 or more lymph nodes;
(3) The administration of AC/T as an adjuvant chemo-
therapy; (4) No trastuzumab adjuvant therapy; and (5)
Sufficient tissue samples available for immunohistochem-
ical analysis.

Adjuvant chemotherapy consisted of 60 mg/m2 doxoru-
bicin and 600 mg/m2 cyclophosphamide every 3 weeks
for 4 cycles followed by 175 mg/m2 paclitaxel every 3
weeks for 4 cycles [3]. Adjuvant radiotherapy or hormonal
therapy was performed as appropriate.

One hundred and fifty one patients, including 3 male
patients, met these inclusion criteria and were included in
this study. Patients with stage IIIB disease (T4 by AJCC
staging) were not included in this study, because these
patients were treated with a neoadjuvant chemotherapy
protocol. Thus, all 151 patients were at stage IIIA or IIIC
disease. Surgical treatment was radical modified mastec-
tomy, without removal of the pectoralis muscles, in 120
cases (79.5%) and breast conserving surgery including
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quadrantectomy in 31 cases (20.5%). A level II axillary
dissection was performed in all patients and the mean
number of lymph nodes removed was 22.9 (range 7–54).
Of the 151 patients, 89 (58.9%) were ER and/or PR posi-
tive, and 87 (97.8%) of these patients received 5 years of
adjuvant tamoxifen. Thirty-one patients received breast-
conserving surgery and all, except one lost to follow-up,
received adjuvant radiotherapy. Of the 120 patients who
underwent modified radical mastectomy, 108 received
adjuvant radiotherapy. Patient characteristics are listed in
Table 1.

Pathologic Examination and Immunohistochemistry
Primary tumor specimens were paraffin-embedded after
surgery. Standard histopathological examination
included the type of cancer, the pathological tumor stage
assessed according to the criteria established by the 6th
edition of AJCC cancer staging manual [18], the grade of
the tumor according to the Scarff-Bloom-Richardson
(SBR) classification modified by Elston and Ellis [19], and
the presence of endolymphatic emboli.

The routinely formalin-fixed, paraffin-embedded tissue
blocks were sectioned at 4- µm thickness and then proc-
essed for immunohistochemistry. Tissue sections were
deparaffinized in xylene, rehydrated with graded ethanol,
and immersed in Tris-buffered saline. After an antigen-
retrieval process, representative sections were immunos-
tained and more than 10 randomly chosen high power
fields were examined under an optical microscope.

The companies that supplied the primary antibodies and
the dilution factors used were; ER (Dako Corporation,
Carpinteria, CA; 1:50), PR (Dako Corporation; 1:50), p53
(Dako Corporation; 1:1200), c-erbB2 (Novocastra Labo-
ratories Ltd., New Castle-Upon-Tyne, U.K.; 1:200), bcl-2

(Dako Corporation; 1:50), and Ki-67 (Dako Corporation;
1:800). All primary antibodies were mouse monoclonal
antibodies. Biotinylated anti-mouse antibody was used as
secondary antibody and streptavidin horseradish peroxi-
dase (Zymed laboratories, San Francisco, CA) methods
were used following the instructions provided by the
manufacturer. Finally, the sections were counter-stained
in Mayer's hematoxylin, dehydrated, cleared, and
mounted for examination.

A cut-off value of 10% or more positively stained nuclei in
ten high-power fields was used to define ER and PR posi-
tivity. Only cytoplasmic staining was scored as positive for
bcl-2, regardless of the intensity of the stained cells. Mem-
branous staining for C-erbB2 was scored as: 0, faint
incomplete staining in 10% or less of cells; 1, faint incom-
plete staining in more than 10% of cells; 2, weak to mod-
erate complete staining in more than 10% of cells; 3,
strong complete staining in more than 10% of cells. Cells
stained for Ki-67 were counted and expressed as percent-
ages, and the number of cells stained for p53 were scored
semi-quantitatively, as follows; 0%, 1–25%, 26–50%, 51–
75%, or > 75%.

Statistical analysis
Statistical analyses of categorical variables were performed
using Pearson's χ2 test or Fisher's exact test as appropriate.
Disease free survival (DFS) was calculated from the date of
surgery to the first observation of disease recurrence, and
overall survival (OS) from the date of surgery to the date
of death or the date when the patient was last known to be
alive. The median durations of DFS and OS were calcu-
lated using the Kaplan-Meier method. Comparisons
between groups were made using log-rank tests. Multivar-
iate analysis was carried out using the Cox proportional
hazards model. A significance level of 0.20 was used for

Table 1: Clinicopathologic characteristics of 151 patients

Pt. number %

Sex M 3 2.0%
F 148 98.0%

Age median 46 years range 28–70 years
≤50 111 73.5%
> 50 40 26.5%

Surgery MRM 120 79.5%
BCS 31 20.5%

Histology ductal 138 91.4%
others 13 8.6%

Stage IIIA 79 52.3%
IIIC 72 47.7%

Tumor size pT ≤ 2 cm 11 7.3%
2 < pT ≤ 5 110 72.8%
pT > 5 cm 30 19.9%

Involved LNs 4–9 79 52.3%
≥10 72 47.7%
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covariate entry. Two-sided P values of < 0.05 were consid-
ered significant. All analyses were performed using SPSS
for Windows, version 12.0 (SPSS Inc, Chicago, IL).

Ethics
The study protocol was reviewed and approved by the
institutional review board of Seoul National University
Hospital, and complied with the recommendations of the
Declaration of Helsinki for biomedical research involving
human subjects.

Results
Patient characteristics
Baseline patient characteristics are presented in Table 1.

The median follow-up duration for the 151 patients was
36 months (range 8–78). Thirty-seven (24.5%) patients
experienced breast cancer recurrence, and 34 of these had
distant metastases. Frequent sites of distant metastases
were bone in 17 patients, lung in 11, liver in 7, and brain
in 2.

Expressions of markers and their inter-associations
Immunohistochemical results were obtained for 151
patients. ER was positive in 83 (55.0%), PR in 59
(39.1%), and bcl-2 in 92 (60.9%). P53 was expressed in
more than 25% of the tumor cells in 46 patients (30.5%);
C-erbB2 was 3+ in 30 patients (19.9%); and Ki-67 was 5%
or more in 56 patients (37.1%). Details are shown in
Table 2.

The relationships between bcl-2 and the other markers
were evaluated. Ninety two % (76 of 83) of the tumors
showing ER expression co – expressed bcl-2, and bcl-2
expression was found to be correlated with PR expression.
However, p53 (> 25%), c-erbB2 (3+), and Ki-67 (= 5%)
expression were found to be inversely correlated with bcl-
2. In addition, bcl-2 (-) tumors were significantly corre-
lated with the histologic grade III. Details are shown in
Table 3.

Univariate analysis: clinicopathological factors and 
molecular markers
Tumor size (3 yr DFS, 78.6% for < 5 cm vs. 42.3% for = 5
cm, P = 0.038) and the number of involved lymph nodes
(3 yr DFS, 89.8% for 4–9 nodes vs. 52.7% for = 10 nodes,
P < 0.001) significantly affected recurrence, but the type of
surgery, the histology, histologic grade, the presence of
endolymphatic emboli, and a close resection margin < 2
mm did not.

Of the molecular markers, ER (3 yr DFS, 77.2% for ER (+)
vs. 64.9% for ER (-), P = 0.013), bcl-2 (3 yr DFS, 77.6% for
bcl-2 (+) vs. 62.0% for bcl-2 (-), P = 0.002) and p53 (3 yr
DFS, 75.5% for p53 = 25% vs. 62.1% for p53 > 25%, P =

0.032) were found to be significantly related to DFS, but
PR, c-erbB2, and Ki-67 were not.

OS was found to be significantly related to the number of
involved lymph nodes (3 yr OS, 100% for 4–9 nodes vs.
83.7% for = 10 nodes, P < 0.001) and histologic grade (3
yr OS, 98.4% for histologic grade I, II vs. 84.3% for III, P
= 0.043).

ER (3 yr OS, 100% for ER (+) vs. 83.4% for ER (-), P =
0.006), bcl-2 (3 yr OS, 97.4% for bcl-2 (+) vs. 83.9% for
bcl-2 (-), P = 0.009) and c-erbB2 (3 yr OS, 79.6% for c-
erbB2 (3+) vs. 96.3% for c-erbB2 (-) to (2+), P < 0.001)
were significantly correlated with OS (Table 4, Figure 1).

Multivariate analysis for DFS
Multivariate analysis was performed for DFS using tumor
size, number of lymph nodes, ER, PR, bcl-2, p53, c-erbB2,
and Ki-67 as covariates. Ten or more lymph nodes (HR
7.366; p < 0.001), negative bcl-2 expression (HR 2.895; p
= 0.033), and c-erbB2 over-expression (HR 3.535; p =
0.002) were identified as independent indicators of a
shorter DFS.

DFS according to bcl-2 status in ER (+) and ER (-) 
subgroups
Because bcl-2 was found to be strongly correlated with ER
expression, ER (+) and ER (-) subgroups were analyzed
separately for DFS according to bcl-2 status. In 83 patients
with ER (+) tumors, 7 patients had tumors not expressing
bcl-2 and these patients had a significantly shorter DFS.
However, in the ER (-) subgroup no significant differences
were found on DFS according to bcl-2 status (Figure 2).

Discussion
The identification of prognostic and predictive markers is
clinically important, because breast cancer is a group of
heterogenous diseases with various biological and clinical
characteristics. ER and PR, as determined by IHC, have
been used as predictive markers for hormonal therapy and
prognostic factors. C-erbB2 status, as determined by IHC
or FISH, indicates poorer survival. Possible benefits may
be derived by therapeutically targeting these molecules.
Recently, gene expression microarray studies have shown
a strong prognostic power [20-22], but immunohisto-
chemistry remains a convenient and powerful means of
prognostication in a clinical setting as it is less expensive
and easier to perform.

The present study highlights the importance of bcl-2 in
breast cancer in a homogenous patient cohort. This role as
an independent prognostic factor of DFS is in addition to
the known prognostic factors c-erbB2 and the number of
involved lymph nodes. This observation is in accordance
with previous reports [10-12], and further validates the
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role of bcl-2 as an independent prognostic marker. How-
ever, the present study is the first to evaluate bcl-2 in high-
risk patients with stage III breast cancer treated with a
homogenous adjuvant regimen, i.e., AC/T. Tsutsui et al
[13] recently reported that decreased bcl-2 expression is
associated with a poorer disease free survival by an univar-
iate analysis but loses its statistical significances in a mul-
tivariate analysis if proliferation activity as represented by
MIB-1 counts was used as a covariate. The prognostic
importance of bcl-2 in the present study is also in agree-
ment with that of Tsutsui et al [13], but is further vali-
dated, by the multivariate analysis. Bcl-2 is a prognostic
marker independent of the proliferation marker, Ki-67,

possibly because of the homogeneity of the patients with
4 or more positive lymph nodes (Table 5). In addition,
bcl-2 was identified in another study as a prognostic
marker independent of the Nottingham prognostic index
in 930 cases of mainly node-negative breast cancer with a
longer follow-up period [12]. The present study reports
similar results in more advanced cases with 4 or more pos-
itive lymph nodes with a shorter follow-up period.

Because bcl-2 blocks apoptosis in vitro, and thus contrib-
utes to malignant cell accumulation, its over-expression is
expected to be associated with more aggressive tumor
biology. Indeed, genetic alteration of the bcl-2 gene

Table 2: Molecular characteristics of the tumors

Pt. number %

ER (-) 68 45.0
(+) 83 55.0

PR (-) 92 60.9
(+) 59 39.1

bcl-2 (-) 59 39.1
(+) 92 60.9

p53 0 47 31.1
1–25% 58 38.4
26–50% 11 7.3
51–75% 8 5.3
76–100% 27 17.9

c-erbB2 0 65 43.0
+ 36 23.8

++ 20 13.2
+++ 30 19.9

Ki-67 < 5% 67 44.4
≥5% 84 55.6

Table 3: The association between bcl-2 and other markers

Bcl-2 expression P
(-) (+)

Histology ductal 55 (39.9) 83 (60.1) 0.521
others 4 (30.8) 9 (69.2)

Histologic grade I, II 14 (21.2) 52 (78.8) < 0.001
III 42 (54.5) 35 (45.5)

Endolymphatic tumor 
emboli

absent 2 (33.3) 4 (66.7) 1.000

present 43 (37.1) 73 (62.9)
ER (-) 52 (76.5) 16 (23.5) < 0.001

(+) 7 (8.4) 76 (91.6)
PR (-) 55 (59.8) 37 (40.2) < 0.001

(+) 4 (6.8) 55 (93.2)
p53 ≤25% 33 (31.4) 72 (68.6) 0.004

>25% 26 (56.5) 20 (43.5)
c-erbB2 (-)~(2+) 42 (34.7) 79 (65.3) 0.027

(3+) 17 (56.7) 13 (43.3)
Ki-67 < 5% 18 (26.9) 49 (73.1) 0.006

≥5% 41 (48.8) 43 (51.2)

n (%) patients for each variable. P-values were obtained using the chi-square test.
Page 5 of 9
(page number not for citation purposes)



BMC Cancer 2007, 7:63 http://www.biomedcentral.com/1471-2407/7/63
located on chromosome 18 is considered to be a key proc-
ess in the pathogenesis and chemoresistance of human
tumors, such as follicular lymphoma [23]. However, in
breast cancer specimens, bcl-2 expression is associated
with markers of better differentiation, like lower grade
lesions, ER positivity, and a low proliferation status [24].
These aspects of bcl-2 are reproduced in the present study.
In the present study, bcl-2 was identified as an independ-
ent marker of DFS by multivariate analysis when other
associated factors were used as covariates. Tumors express-
ing ER are considered more indolent, as exemplified by
'luminal tumors' in gene expression microarray studies
[20-22]. In the present study, bcl-2 was found to be a
stronger predictor of DFS than ER expression, as shown in
Table 4, and ER (+), bcl-2 (-) patients were observed to
have a shorter DFS than ER (+), bcl-2 (+) patients. These
results suggest the important role of bcl-2 expression inde-
pendently of hormonal receptor markers.

However, whether bcl-2 is a predictive marker of benefit
from the specific adjuvant chemotherapy AC/T, which
contains paclitaxel, is not clear. This was difficult to deter-
mine in our cohort which included patients treated with a
single regimen containing paclitaxel but not controls. Bcl-
2 was not found to have any predictive value in terms of
response to a single cycle of perioperative 5-FU/doxoru-

bicin/cyclophosphamide chemotherapy in a previous
study of 423 patients [8]. A small number of preclinical
reports are available regarding taxane chemosensitivity
and bcl-2 protein expression. Bcl-2 expression was found
to be related to a response to paclitaxel in human non-
small cell lung cancer tumors heterotransplanted into
nude mice [25]. Positive bcl-2 expression was found to be
significantly associated with enhanced docetaxel sensitiv-
ity in vitro in non-small cell lung cancer [26]. Moreover,
bcl-2 down-regulation has been associated with paclitaxel
resistance [27]. These preclinical findings suggest the pos-
sibility that bcl-2 is a predictive marker of response to
paclitaxel, and this possibility requires further evaluation.

In the present study, C-erbB2, also called HER2, as is bcl-
2 was found to be an independent predictor of a shorter
DFS. C-erbB2 amplification is known to be associated
with clinical responsiveness to anthracycline-containing
chemotherapy [28,29]. Furthermore, the CALGB 9344
trial, which demonstrated improved outcomes for AC/T,
showed that the benefit of adding paclitaxel to AC is
greater for C-erbB2 (+) tumors, whereas paclitaxel showed
no apparent benefit in the ER (+), c-erbB2 (-) group
[3,30], which suggests the efficacy of paclitaxel against c-
erbB2 (+) tumors. In the present study, c-erbB2 over-
expression indicated a poorer outcome, despite the use of

Table 4: Univariate analyses of clinicopathological factors and molecular markers

Number 3 yr DFS P 3 yr OS P

Tumor size < 5 cm
≥5 cm

121
30

78.6%
42.3%

0.038 92.1%
91.1%

0.952

Number of lymph nodes 4–9
≥10

79
72

89.8%
52.7%

< 0.001 100%
83.7%

0.001

Surgery MRM
BCS

120
31

70.0%
79.0%

0.808 90.9%
96.3%

0.953

Histology Ductal
Others

138
13

71.1%
76.9%

0.461 91.0%
100.0%

0.323

Histologic grade I, II
III

65
76

74.7%
69.5%

0.160 98.4%
84.3%

0.043

Endolymphatic tumor emboli absent
present

5
116

55.6%
71.7%

0.459 100%
91.6%

0.490

Close RM ≤2 mm
> 2 mm

5
146

70.8%
80.0%

0.590 91.5%
100%

0.475

ER (-)
(+)

68
83

64.9%
77.2%

0.013 83.4%
100%

0.006

PR (-)
(+)

92
59

68.3%
76.2%

0.136 87.1%
100%

0.121

p53 ≤25%
>25%

105
46

75.5%
62.1%

0.032 93.8%
87.8%

0.213

bcl-2 (-)
(+)

59
92

62.0%
77.6%

0.002 83.9%
97.4%

0.009

c-erbB2 (-) to (2+)
(3+)

121
30

74.3%
60.6%

0.112 96.3%
79.6%

0.050

Ki-67 < 5%
≥5%

94
56

85.6%
61.8%

0.146 91.0%
92.4%

0.631
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two active chemotherapeutic agents, doxorubicin and
paclitaxel. Patients treated with adjuvant trastuzumab
were not included in this study, and thus the effects of this
targeting agent were excluded.

Conclusion
We conclude that bcl-2, and the known prognostic factors
c-erbB2 and the number of involved lymph nodes are
independent prognostic factors of DFS in curatively
resected stage III breast cancer patients, and that molecu-
lar marker analysis is useful to discriminate subsets of
patient with different prognoses.
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Kaplan-Meier plots of (A) disease-free and (B) overall survival according to bcl-2 expressionFigure 1
Kaplan-Meier plots of (A) disease-free and (B) overall survival according to bcl-2 expression. The expression of bcl-2 was found 
to be significantly and positively associated with disease-free and overall survivals.
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Disease-free survival according to bcl-2 status in (A) ER-positive and (B) ER-negative pateintsFigure 2
Disease-free survival according to bcl-2 status in (A) ER-positive and (B) ER-negative pateints. Bcl-2 (+) patients showed better 
disease-free survival even in those with an ER (+) status, suggesting that bcl-2 has a prognostic role that is independent of ER 
expression.

DFS (months)

P
ro

b
ab

ili
ty

P=0.006

bcl-2 (+)

bcl-2 (-)

(A) ER (+) subgroup

P
ro

b
ab

ili
ty

P=0.514

bcl-2 (-)

(B) ER (-) subgroup

DFS (months)

bcl-2 (+)

Table 5: Multivariate analysis for disease free survival

HR 95% CI P-value

tumor size (≥ 5 cm) 1.260 (0.602, 2.637) 0.539
number of lymph nodes (≥ 10) 7.366 (2.982, 18.197) < 0.001

ER (-) 0.988 (0.316, 3.089) 0.984
PR (-) 0.717 (0.254, 2.025) 0.530

bcl-2 (-) 2.895 (1.090, 7.690) 0.033
p53 (> 25%) 1.065 (0.507, 2.237) 0.868
c-erbB2 (3+) 3.535 (1.616, 7.731) 0.002
Ki-67 (≥ 5%) 1.247 (0.614, 2.534) 0.541



BMC Cancer 2007, 7:63 http://www.biomedcentral.com/1471-2407/7/63
Acknowledgements
This study was supported by a Korean Research Foundation Grant funded by 
the Korean Government (MOEHRD, Basic Research Promotion Fund) (KRF-
2006-531-E00034) and by a grant from the Korean Health 21 R&D Project, 
Ministry of Heath & Welfare, Republic of Korea (0412-CR01-0704-0001). 
We also thank Julian Kanfer, English editor of BioMed Proofreading for her 
assistance. This study was presented in part at the 42nd Annual Meeting of 
the American Society of Clinical Oncology, Atlanta, GA, Jun. 2–6, 2006.

References
1. Trudeau M, Charbonneau F, Gelmon K, Laing K, Latreille J, Mackey J,

McLeod D, Pritchard K, Provencher L, Verma S: Selection of adju-
vant chemotherapy for treatment of node-positive breast can-
cer.  Lancet Oncol 2005, 6:886-98.

2. Martin M, Pienkowski T, Mackey J, Pawlicki M, Guastalla JP, Weaver C,
Tomiak E, Al-Tweigeri T, Chap L, Juhos E, Guevin R, Howell A, Forn-
ander T, Hainsworth J, Coleman R, Vinholes J, Modiano M, Pinter T,
Tang SC, Colwell B, Prady C, Provencher L, Walde D, Rodriguez-Les-
cure A, Hugh J, Loret C, Rupin M, Blitz S, Jacobs P, Murawsky M, Riva
A, Vogel C: Breast Cancer International Research Group 001
Investigators: Adjuvant docetaxel for node-positive breast
cancer.  N Engl J Med 2005, 352:2302-13.

3. Henderson IC, Berry DA, Demetri GD, Cirrincione CT, Goldstein LJ,
Martino S, Ingle JN, Cooper MR, Hayes DF, Tkaczuk KH, Fleming G,
Holland JF, Duggan DB, Carpenter JT, Frei E 3rd, Schilsky RL, Wood
WC, Muss HB, Norton L: Improved outcomes from adding
sequential paclitaxel but not from escalating doxorubicin dose
in an adjuvant chemotherapy regimen for patients with node-
positive primary breast cancer.  J Clin Oncol 2003, 21:976-83.

4. Mamounas EP, Bryant J, Lembersky B, Fehrenbacher L, Sedlacek SM,
Fisher B, Wickerham DL, Yothers G, Soran A, Wolmark N: Paclitaxel
after doxorubicin plus cyclophosphamide as adjuvant chemo-
therapy for node-positive breast cancer: results from NSABP
B-28.  J Clin Oncol 2005, 23:3686-96.

5. Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch A, Untch
M, Smith I, Gianni L, Baselga J, Bell R, Jackisch C, Cameron D, Dowsett
M, Barrios CH, Steger G, Huang CS, Andersson M, Inbar M, Lichinitser
M, Lang I, Nitz U, Iwata H, Thomssen C, Lohrisch C, Suter TM, Ruschoff
J, Suto T, Greatorex V, Ward C, Straehle C, McFadden E, Dolci MS,
Gelber RD: Herceptin Adjuvant (HERA) Trial Study Team:
Trastuzumab after adjuvant chemotherapy in HER2-positive
breast cancer.  N Engl J Med 2005, 353:1659-72.

6. Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE Jr, Davidson NE,
Tan-Chiu E, Martino S, Paik S, Kaufman PA, Swain SM, Pisansky TM,
Fehrenbacher L, Kutteh LA, Vogel VG, Visscher DW, Yothers G,
Jenkins RB, Brown AM, Dakhil SR, Mamounas EP, Lingle WL, Klein PM,
Ingle JN, Wolmark N: Trastuzumab plus adjuvant chemotherapy
for operable HER2-positive breast cancer.  N Engl J Med 2005,
353:1673-84.

7. Meterissian SH: Apoptosis: its role in the progression of and
chemotherapy for carcinoma.  J Am Coll Surg 1997, 184:658-666.

8. van Slooten HJ, Clahsen PC, van Dierendonck JH, Duval C, Pallud C,
Mandard AM, Delobelle-Deroide A, van de Velde CJ, van de Vijver MJ:
Expression of Bcl-2 in node-negative breast cancer is associ-
ated with various prognostic factors, but does not predict
response to onecourse of perioperative chemotherapy.  Br J
Cancer 1996, 74:78-85.

9. Reed JC: Double identity for proteins of the Bcl-2 family.  Nature
1997, 387:773-6.

10. Elledge RM, Green S, Howes L, Clark GM, Berardo M, Allred DC, Pugh
R, Ciocca D, Ravdin P, O'Sullivan J, Rivkin S, Martino S, Osborne CK:
Bcl-2, p53, and response to tamoxifen in estrogen receptor-
positive metastatic breast cancer: a Southwest Oncology
Group study.  J Clin Oncol 1997, 15:1916-22.

11. Sjostrom J, Blomqvist C, von Boguslawski K, Bengtsson NO, Mjaaland
I, Malmstrom P, Ostenstadt B, Wist E, Valvere V, Takayama S, Reed JC,
Saksela E: The predictive value of bcl-2, bax, bcl-xL, bag-1, fas,
and fasL for chemotherapy response in advanced breast can-
cer.  Clin Cancer Res 2002, 8:811-6.

12. Callagy GM, Pharoah PD, Pinder SE, Hsu FD, Nielsen TO, Ragaz J, Ellis
IO, Huntsman D, Caldas C: Bcl-2 is a prognostic marker in breast
cancer independently of the Nottingham Prognostic Index.
Clin Cancer Res 2006, 12:2468-75.

13. Tsutsui S, Yasuda K, Suzuki K, Takeuchi H, Nishizaki T, Higashi H, Era
S: Bcl-2 protein expression is associated with p27 and p53 pro-
tein expressions and MIB-1 counts in breast cancer.  BMC Cancer
2006, 6:187.

14. Gurova KV, Kwek SS, Koman IE, Komarov AP, Kandel E, Nikiforov MA,
Gudkov AV: Apoptosis inhibitor as a suppressor of tumor pro-
gression: expression of Bcl-2 eliminates selective advantages

for p53-deficient cells in the tumor.  Cancer Biol Ther 2002,
1:39-44.

15. Teixeira C, Reed JC, Pratt MA: Estrogen promotes chemothera-
peutic drug resistance by a mechanism involving Bcl-2 proto-
oncogene expression in human breast cancer cells.  Cancer Res
1995, 55:3902-7.

16. Miyashita T, Krajewski S, Krajewska M, Wang HG, Lin HK, Liebermann
DA, Hoffman B, Reed JC: Tumor suppressor p53 is a regulator of
bcl-2 and bax gene expression in vitro and in vivo.  Oncogene
1994, 9:1799-805.

17. Bottini A, Berruti A, Bersiga A, Brizzi MP, Brunelli A, Gorzegno G,
DiMarco B, Aguggini S, Bolsi G, Cirillo F, Filippini L, Betri E, Bertoli G,
Alquati P, Dogliotti L: p53 but not bcl-2 Immunostaining is pre-
dictive of poor clinical complete response to primary chemo-
therapy in breast cancer patients.  Clin Cancer Res 2000,
6:2751-2758.

18. Greene FL, Page DL, Fleming ID, Fritz AG, Balch CM, Haller DG, Mor-
row M: AJCC cancer staging manual.  6th edition. New York:
Springer; 2002. 

19. Elston CW, Ellis IO: Pathological prognostic factors in breast
cancer. I. The value of histological grade in breast can-
cer:experience from a large study with long-term follow-up.
Histopathology 1991, 19:403-410.

20. Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pol-
lack JR, Ross DT, Johnsen H, Akslen LA, Fluge O, Pergamenschikov A,
Williams C, Zhu SX, Lonning PE, Borresen-Dale AL, Brown PO, Bot-
stein D: Molecular portraits of human breast tumours.  Nature
2000, 406:747-52.

21. Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, Hastie T,
Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist H, Matese JC,
Brown PO, Botstein D, Eystein Lonning P, Borresen-Dale AL: Gene-
expression patterns of breast carcinomas distinguish tumor
subclasses with clinical implications.  Proc Natl Acad Sci USA 2001,
98:10869-74.

22. van de Vijver MJ, He YD, van't Veer LJ, Dai H, Hart AA, Voskuil DW,
Schreiber GJ, Peterse JL, Roberts C, Marton MJ, Parrish M, Atsma D,
Witteveen A, Glas A, Delahaye L, van der Velde T, Bartelink H, Roden-
huis S, Rutgers ET, Friend SH, Bernards R: A gene-expression signa-
ture as a predictor of survival in breast cancer.  N Engl J Med
2002, 347:1999-2009.

23. McDonnell TJ, Korsmeyer SJ: Progression from lymphoid hyper-
plasia to high-grade malignant lymphoma in mice transgenic
for the t(14; 18).  Nature 1991, 349:254-256.

24. Hamilton A, Piccart M: The contribution of molecular markers to
the prediction of response in the treatment of breast cancer:
a review of the literature on HER-2, p53 and BCL-2.  Ann Oncol
2000, 11:647-63.

25. Perez-Soler R, Kemp B, Wu QP, Mao L, Gomez J, Zeleniuch-Jacquotte
A, Yee H, Lee JS, Jagirdar J, Ling YH: Response and determinants of
sensitivity to paclitaxel in human non-small cell lung cancer
tumors heterotransplanted in nude mice.  Clin Cancer Res 2000,
6:4932-8.

26. Inoue Y, Gika M, Abiko T, Oyama T, Saitoh Y, Yamazaki H, Nakamura
M, Abe Y, Kawamura M, Kobayashi K: Bcl-2 overexpression
enhances in vitro sensitivity against docetaxel in non-small cell
lung cancer.  Oncol Rep 2005, 13:259-64.

27. Ferlini C, Raspaglio G, Mozzetti S, Distefano M, Filippetti F, Martinelli E,
Ferrandina G, Gallo D, Ranelletti FO, Scambia G: Bcl-2 down-regula-
tion is a novel mechanism of paclitaxel resistance.  Mol Pharma-
col 2003, 64:51-8.

28. Paik S, Bryant J, Tan-Chiu E, Yothers G, Park C, Wickerham DL, Wol-
mark N: HER2 and choice of adjuvant chemotherapy for inva-
sive breast cancer: National Surgical Adjuvant Breast and
Bowel Project Protocol B-15.  J Natl Cancer Inst 2000, 92:1991-8.

29. Pritchard KI, Shepherd LE, O'Malley FP, Andrulis IL, Tu D, Bramwell
VH, Levine MN: National Cancer Institute of Canada Clinical
Trials Group: HER2 and responsiveness of breast cancer to
adjuvant chemotherapy.  N Engl J Med 2006, 354:2103-11.

30. Hayes DF, Thor A, Dressler L, Weaver D, Broadwater G, Goldstein L,
Martino S, Ingle J, Henderson IC, Berry D: HER2 predicts benefit
from adjuvant paclitaxel after AC in node-positive breast can-
cer: CALGB 9344.  Proc Am Soc Clin Oncol 2006, 24:18S. Abstract 510

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/7/63/prepub
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15930421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12637460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12637460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12637460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15897552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16236737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16236737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16236737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16236738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16236738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8679463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8679463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8679463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9194558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9164202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9164202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9164202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11895913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11895913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11895913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16638854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16638854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16839413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16839413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12170763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12170763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12170763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7641210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7641210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7641210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8183579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8183579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10914720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10914720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10914720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1757079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1757079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10963602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11553815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11553815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11553815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12490681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12490681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1987477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1987477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1987477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10942052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10942052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10942052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11156254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11156254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11156254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15643508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15643508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15643508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12815160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12815160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11121461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11121461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11121461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16707747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16707747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16707747
http://www.biomedcentral.com/1471-2407/7/63/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and treatment
	Pathologic Examination and Immunohistochemistry
	Statistical analysis
	Ethics

	Results
	Patient characteristics
	Expressions of markers and their inter-associations
	Univariate analysis: clinicopathological factors and molecular markers
	Multivariate analysis for DFS
	DFS according to bcl-2 status in ER (+) and ER (-) subgroups

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

