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 Abstract 
  Introduction.  Estrogen receptor (ER) status is not an optimal marker for response to adjuvant endocrine therapy since 
approximately 30% of patients with ER-positive tumors eventually relapse. Bcl-2 is regulated by ER and may thus be 
considered as an indicator of ER activity and a candidate supplementary marker to ER status.  Patients and methods.  Tumor 
tissue from 257 patients with ER-positive breast cancer treated with tamoxifen was used for determination of the best 
threshold for immunohistochemical Bcl-2 assessment as prognostic marker. Subsequently, samples from the Danish patients 
of the randomized clinical trial BIG 1   -   98 comprising 1191 ER-positive patients treated with tamoxifen, letrozole or a 
sequence of the two were immunohistochemically stained for Bcl-2 to further explore the prognostic value of Bcl-2.  Results.  
Two Bcl-2 levels were found to divide the population of the primary study into signifi cantly different groups according to 
disease-free survival (DFS). Multivariate analysis confi rmed the signifi cance of the lowest level, and showed Bcl-2 to be an 
independent prognostic marker. Analysis of the Danish cohort of the BIG 1  -  98 confi rmed that Bcl-2 was a signifi cant 
predictor of DFS, independent of known prognostic markers. However, in an additional analysis of a subset of the Danish 
cohort of BIG 1  -  98 including only HER-2 normal patients, the effect of Bcl-2 was not statistically signifi cant.  Discussion.  
Low Bcl-2 can predict poor outcome of patients with ER-positive tumors treated with adjuvant endocrine therapy, whereas 
the use of Bcl-2 for determination of addition of chemotherapy was not supported by this study.   

 Adjuvant endocrine treatment improves the survival 
of patients with estrogen receptor (ER)-positive 
tumors. Nevertheless, 30% of the patients who 
received adjuvant tamoxifen therapy relapsed during 
the 10-years postoperative period [1]. Therefore, it is 
important to identify patients with endocrine-
resistant breast cancer, since alternative or additional 
treatments with chemotherapy, other kinds of endo-
crine treatment, or targeted agents may be more 
effective. Currently, ER is the only marker used rou-
tinely to predict endocrine response [1,2], but much 
effort is devoted to fi nding new markers. 

 Bcl-2 is an antiapoptotic protein [3] that is upreg-
ulated by estrogen stimulation [4] and reported to 
be overexpressed in 28 – 80% of breast cancer patients, 

when using different cutpoints for dichotomous 
assessment of positive status [5 – 10]. Bcl-2 expres-
sion correlates with clinical prognostic markers, such 
as small tumor size and low tumor grade [5,11], low 
proliferation rate, ER positivity and weak or absent 
p53 [9 – 12] and has also been shown to have prog-
nostic value as recently confi rmed in a large 
meta-analysis by Dawson et   al. [7].   We hypothesize 
that since Bcl-2 expression depends on functional ER, 
the expression level of Bcl-2 will supplement the ER 
measurement in estimating endocrine responsiveness, 
resulting in a worse prognosis for patients with tumors 
having low levels of Bcl-2. 

 To assess whether a given protein in a malignant 
tumor has prognostic and/or predictive properties, it 
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is important, in advance, to determine a valid thresh-
old where the tumor is defi ned as negative or posi-
tive. Furthermore a specifi c subgroup of tumors, like 
the ER-positive tumors, might have properties that 
infl uence the expression of a marker and hereby 
infl uence the threshold for prognostic value of that 
marker. Therefore, the threshold should be defi ned 
in a clinical setting and related to the outcome of the 
relevant patient group. In the present study we inves-
tigated the prognostic value of Bcl-2 in the adjuvant 
setting of endocrine treatment including fi nding the 
best threshold for Bcl-2 in two independent study 
populations.  

 Patients and methods  

 Patients 

 This study included two comparable but indepen-
dent populations of breast cancer patients. One 
cohort was used for defi ning the best threshold for 
Bcl-2 positivity, and another cohort, the Danish 
patients in the BIG 1   -   98 study, served to validate 
the results. 

 The fi rst cohort (called Odense) was a retrospec-
tive cohort of 257 high-risk, post- or perimenopausal 
patients who between 1989 and 2001 had breast 
conserving surgery or mastectomy at Odense Hospi-
tal, Denmark. The patients were treated with tamox-
ifen as adjuvant treatment according to guidelines 
of the Danish Breast Cancer Cooperative Group 
(DBCG) [13]. The allocated duration of tamoxifen 
treatment was 0.5, 1, 2, or 5 years. High-risk criteria 
included one of the following: positive axillary lymph 
nodes, tumor size  �    50 mm ( �    20 mm since 1999) 
or ductal grade II – III (since 1999). Additional crite-
ria for inclusion was age at surgery less than 75 years 
( �    70 years until 1989). All patients had positive or 
unknown status of ER and/or progesterone receptor 
(PgR). Patients were selected on the basis of the 
availability of fresh, frozen tumor tissue from a total 
cohort of 589 patients; patients with unknown or 
negative ER status ( �    1% positive cells) at central 
reassessment were excluded.   

 BIG 1  -  98 Danish cohort:   The BIG 1   -   98 trial was 
a randomized, phase 3, double-blinded clinical inves-
tigation of hormone receptor-positive breast cancer 
in postmenopausal women [14]. Patients were 
enrolled from 1998 to 2003. Treatment arms were: 
tamoxifen or letrozole for fi ve years, two years of 
tamoxifen or letrozole followed by three years of 
letrozole or tamoxifen. In total, 1396 Danish patients 
were randomized in BIG 1   -   98. Primary tumor sam-
ples from 1323 patients were suitable for tissue 
microarray (TMA) preparation and 1301 samples 
were available for immunohistochemical (IHC) 
staining. Patients with ER-negative tumors ( �    1% 

positive cells), found in the central evaluation of the 
present study, and patients with unknown ER status 
were excluded from the analysis (n  �    23 and n  �    5); 
82 additional patients were excluded because tissue 
was missing in TMA slides for Bcl-2 evaluation. The 
remaining 1191 patients were included in the analy-
ses. In an additional analysis, patients with human 
epidermal growth factor receptor 2 (HER-2) ampli-
fi cation (n  �    109) were further excluded from the 
study population since HER-2 is a negative prognos-
tic marker that often requires chemotherapy irre-
spective of other markers. The study has been 
approved by the local ethics committees: The Danish 
National Committee on Biomedical Ethics in Den-
mark (BIG 1   -   98 trial in 1997 (KF 02   -   178/97) with 
the current biomarker study as an addendum 
approved in 2004 (KF 12   -   142/04)) and The Region 
South Denmark (S-VF-20040064).   

 Tissue microarray construction 

 Archival formalin-fi xed and paraffi n-embedded pri-
mary tumor tissue was used to generate TMAs from 
both studies comprising two, 2 mm cores from each 
tumor using a TMA builder (AH diagnostics) [15].   

 Immunohistochemistry and fl uorescence in situ 
hybridization (FISH) analyses 

 Sections cut from the TMA blocks were stained for 
Bcl-2, ER, PgR, HER-2 and Ki-67. All protocols 
used were part of routine clinical testing. 

 Supplementary Table I to be found online at 
http//www.informahealthcare.com/doi/abs/10.3109/
0284186X.2011.653009 shows details about anti-
bodies, dilutions, retrieval methods and visualization 
systems used. HER-2 IHC results scored as 2  �  was 
further analyzed by FISH as recommended by Her-
ceptest Guidelines. A HER-2/centromere ratio of 
 �    2.0 was considered as HER-2 gene amplifi cation. 
Herceptest staining, FISH procedure and resulting 
evaluation were performed according to the manu-
facturer ’ s manual in both studies.   

 Evaluation of immunohistochemistry 

 At the time of the IHC evaluation, investigators 
were blinded to the clinical outcomes.   The evalu-
ation of the IHC staining for Bcl-2 in the Odense 
cohort was performed by two pathologists, inde-
pendently. Cases of disagreement were reviewed 
jointly to reach a consensus score. ER, HER-2, 
PgR and Ki-67 IHC were scored by one of the 
pathologists (MSL or A-VL) or a trained observer 
(KLH). One or two cores were scored. The vast 
majority of cases had identical score values. If 
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score values differed, the higher value was used for 
Bcl-2, Ki-67 and HER-2, whereas the median 
value was used for ER and PgR. 

 Bcl-2 staining was assessed as the percentage of 
stained tumor cells ( �    1%, 1 – 9%, 10 – 49%, 50 –
 100%) combined with staining intensity (weak, mod-
erate, strong). A combined classifi cation of Bcl-2 was 
subsequently made: 0 – 9%, 10 – 49%, 50 – 100% weak, 
moderate, or strong intensity. ER and PgR were 
assessed as percentage positive tumor cells in a cat-
egory of less than 1% and thereupon categories of 
10% percentiles. For Ki-67 staining the total fraction 
of tumor cells expressing any nuclear Ki-67 reaction 
was counted. 

 HER-2 was scored according to the guidelines for 
HER-2 staining as 0, 1  � , 2  �  or 3  � .   In subsequent 
analyses, ER was grouped as 1 – 49%, 50 – 79% and 
80 – 100%, while PgR, Ki-67 and HER-2 were dichot-
omized where  �    1% (PgR),  �    14% (Ki-67) and 
scores 0, 1  � , 2  � /negative FISH (HER-2) were 
interpreted as negative.   

 Clinical data 

 For the Odense cohort, data on primary patient char-
acteristics and follow-up until 10 years after surgery 
were obtained from the DBCG-registry [13] and was 
supplemented by local examination of medical records 
and by record linkage to the Danish Central Population 
Registry (date of death or emigration). For the Danish 
BIG 1   -   98 population, clinical data and follow-up data 
were obtained from the International Breast Cancer 
Study Group (IBCSG) Statistical Center.   

 Endpoint 

 In the Odense cohort disease-free survival (DFS) 
was defi ned as: the time from surgery, and in BIG 
1   -   98, as time from random assignment to the earli-
est of invasive recurrence in local, regional, or distant 
sites, new contra-lateral invasive breast cancer, new 
secondary non-breast malignancy, or death from any 
cause. For the Odense cohort, observations of 
follow-up were censored at emigration, 10 years after 
surgery, or April 1, 2008, whichever came fi rst. For 
the BIG 1   -   98 population, observations of follow-up 
were censored at the date of last patient contact 
before the data cut-off date of July 2008.   

 Statistics 

 Inter-observer agreement on Bcl-2 score was deter-
mined as percentage agreement and systematical bias 
in non-agreement scores was assessed by a binomial 
sign test. The association between Bcl-2 and prog-
nostic markers was assessed by Wilcoxon rank-sum 
test. Proportions were tested by Fisher ’ s exact test. 

 Follow-up time and DFS according to Bcl-2 
score was estimated by the Kaplan-Meier (KM) 
method and statistical signifi cance was estimated by 
using the log-rank test. Cox proportional hazard 
regression models were used to examine the associa-
tion between DFS and Bcl-2 and other prognostic 
markers. The proportional hazards assumption was 
investigated by Schoenfeld residuals. When non-
proportional hazard rates were found, time depen-
dent variables were constructed or the variable was 
included as a stratifi cation factor. Models used in 
analyses of the Odense cohort were stratifi ed by the 
allocated duration of tamoxifen treatment, whereas 
models in BIG 1   -   98 analyses were stratifi ed for ran-
domization option, treatment allocation and age at 
randomization. Univariate analyses of the Odense 
cohort were used to assess thresholds for Bcl-2 and 
ER classifi ed by hierarchical indicator variables [16]. 
Multistep backward selection was used to remove 
non-statistically signifi cant (p  �    0.05) indicator vari-
ables from the model. If more than two levels differed 
signifi cantly from each other, multiple thresholds 
were allowed. The overall level of statistical signifi -
cance of variables was assessed by tests of the global 
hypothesis of no difference among groups. Thresh-
olds were evaluated in multivariate models including 
the effects of Bcl-2 and ER and adjusted for the 
effects of HER-2 status, age at surgery, tumor size, 
axillary nodal status, histological type and tumor 
grade. In all analyses the stratum with the most 
observations was chosen as reference. Models were 
fi tted to data by the PROC PHREG of SAS version 
9.2 (SAS Institute, Cary, NC, USA). All statistical 
tests were two-sided, and p-values less than 0.05 
were considered statistically signifi cant.    

 Results 

 In the Odense cohort of 257 women, the median age 
at surgery was 61 years with a median duration of 
1.8 years of tamoxifen treatment. Thirty-one patients 
(12%) switched to an aromatase inhibitor. Median 
potential follow-up for DFS was 10 years after sur-
gery.   Bcl-2 immunostaining was exclusively localized 
in the cytoplasm. The frequency of cells expressing 
Bcl-2 protein was high and the intensity of the stain-
ing strong in most of the tumors. At least 50% Bcl-
2-positive cells were detected in 97% (250/257) of 
the tumors, a cell-positive frequency from 10 – 49% 
was detected in 2% (5/257), and 1 – 9% positive cells 
were detected in about 1% (2/257). The intensity of 
the staining was weak in tumors with 1 – 9% positive 
cells; in tumors with 10 – 49% positive cells the inten-
sity could be either weak, moderate or strong, whereas 
for tumors with  �    50% positive cells staining was 
mainly of strong intensity. 
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  Table I. Odense cohort, association between Bcl-2 and DFS and 
determination of threshold values for Bcl-2 by univariate 
analysis. a   

Bcl-2 b n Period c HR (95% CI) p

1 – 49% 7 4.7 (2.0–11.1) 0.0003
  �    50%/weak  �  mod 76 0 – 5 years 2.32 (1.40–3.85) 0.0011

5 – 10 years 0.63 (0.31–1.27) 0.20
  �    50%/strong 174 1.00 (reference)

  CI, confi dence interval; HR, hazard ratio; mod, moderate. 
 a Model stratifi ed by duration of allocated tamoxifen treatment 
(0.5 or 1, 2, and 5 years).   
  b Global test for Bcl-2 (p  �    0.0001).   
  c Time-dependent variables. If nothing is mentioned the follow-up 
period is 0 – 10 years postsurgery.     

  Figure 1.     Kaplan-Meier estimates of DFS according to level of Bcl-2 in the Odense cohort (n  �    257).  

 Inter-observer agreement was 86.9% and direc-
tional differences between observers were not found 
(p  �    0.30). 

 Due to the low frequency of 1 – 9% scores the 
classifi cation of Bcl-2 was modifi ed to 1 – 49%,  �    50%/
weak,  �    50%/moderate and  �    50%/strong. 

 Bcl-2 score was positively associated with ER 
(p  �    0.0042), negatively associated with number of 
positive lymph nodes (p  �    0.038), histological grade 
(p  �    0.0001), and positive HER-2 status (p  �    0.0001), 

but not associated with age at surgery or tumor 
size. 

 Univariate analysis of the association between 
Bcl-2 and DFS showed that patients with low Bcl-2 
scores of 1 – 49% had a poor prognosis relative to the 
reference group of high score  �    50%/strong intensity 
(Table I). For the group of intermediate score  �    50%/
weak and moderate intensity, the prognosis was also 
worse than the reference group during the fi rst fi ve-
year postoperative period (Table I). 

 The Kaplan-Meier curves for the three groups of 
low, intermediate, and high Bcl-2 score are shown in 
Figure 1. In multivariate analysis Bcl-2 was highly 
signifi cant (p  �    0.001) whereas this was not the case 
for ER (p  �    0.32) (Table II). As in the univariate 
analysis, a highly increased risk of a DFS event was 
found in the Bcl-2 low score group relative to the 
reference group of high Bcl-2 score. In the Bcl-2 
intermediate score group, a decreased risk was found 
5 – 10 years after operation. 

 In the study population of 1191 patients in the 
BIG 1   -   98 study (Table III), the median age at 
randomization was 61 years. Cross-over to letrozole 
was done for 132 patients originally allocated to 
tamoxifen monotherapy. The median potential 
follow-up for DFS was six years after randomization. 
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The distribution of Bcl-2 score was skewed towards 
high values with 95.5% of the tumors having  �    50% 
positive cells; the intensity of the staining within each 
of the frequency categories was very similar to the 
results in the Odense cohort. 

 Bcl-2 was positively associated with ER 
(p  �    0.0001) and negatively associated with HER-2 
positive status (p  �    0.0001) and tumor grade 
(p  �    0.0001). Bcl-2 was not associated with age at 
randomization, histological type, tumor size, or num-
ber of positive lymph nodes. 

 The survival analyses of the BIG 1   -   98 Danish 
cohort were based on Bcl-2 thresholds determined 
in the Odense study supplemented with the pre-
planned threshold at 10% Bcl-2 positive cells. 

 The Kaplan-Meier estimates of DFS for the BIG 
1   -   98 Danish Cohort divided in four groups are 
shown in Figure 2. In univariate analysis the asso-
ciation between Bcl-2 and DFS was signifi cant 
(p  �    0.0002). Patients with the lowest Bcl-2 level 
(0 – 9%), and patients with Bcl-2 level of  �    50%/weak 
and moderate intensity for the fi rst fi ve years, had a 
poor prognosis relative to the highest Bcl-2 level of 
 �    50%/strong (Table IV). 

 The association between Bcl-2 and DFS was also 
signifi cant (p  �    0.028) in a multivariable analysis 

including the classic prognostic variables ER, HER-2, 
number of positive lymph nodes, tumor size, histo-
logical type and grade (Table V). 

 In order to evaluate the value of Bcl-2 in a clini-
cal context of current treatment, we made an addi-
tional analysis on a subset of the Danish BIG 1   -   98 
cohort including only patients with normal or 
unknown HER-2 status (n  �    1082). Multivariable 
analysis including non-standard prognostic variables 
Ki-67 and PgR showed no prognostic effect of Bcl-2 
(p  �    0.06).   

 Discussion 

 We evaluated the prognostic effect of Bcl-2 in a spe-
cifi c subgroup of ER-positive tumors from patients 
treated with endocrine therapy as the only adjuvant 
medical treatment. Different thresholds of Bcl-2 level 
and intensity might be required for the different 
breast subtypes for prognostication; to our knowl-
edge this matter has not been addressed with Bcl-2 
in previous studies. 

 In this study we applied a simple scoring system 
that assessed both percentage of stained tumor cells 
and intensity of the staining and demonstrated its 
reproducibility among two pathologists. 

  Table II. Association between Bcl-2 and DFS in the Odense cohort by multivariable analysis. a   

Risk factor p-value b Level n Period c HR (95% CI)

Bcl-2 0.001 1 – 49% 7 4.14 (1.55–11.1)
 �    50%/weak  �  mod 76 0 – 5 years 1.62 (0.95–2.78)

5 – 10 years 0.39 (0.19–0.82)
 �    50%/strong 174 1.00 (reference)

ER 0.32 1 – 79% 50 1.52 (0.67–3.46)
80 – 100% 207 1.00 (reference)

Positive lymph nodes   �    0.0001 0 22 0.90 (0.36–2.29)
1 – 3 142 1.00 (reference)
4 – 9 57 1.51 (0.92–2.47)
10  � 36 4.67 (2.72–8.02)

Age 0.81 45 – 54 64 1.09 (0.66–1.79)
55 – 64 114 1.00 (reference)
65 – 74 79 0.91 (0.58–1.42)

Histological grade 0.09 Non-ductal 36 1.28 (0.74–2.22)
Ductal grade I 61 0.54 (0.30–0.98)
Ductal grade II 103 1.00 (reference)
Ductal grade III 57 1.08 (0.66–1.77)

Tumor size 0.02 1 – 20 mm 105 0 – 5 years 0.71 (0.39–1.32)
5 – 10 years 2.10 (1.15–3.84)

21 – 50 mm 133 1.00 (reference)
51  �  mm 19 1.70 (0.88–3.27)

HER-2 0.16 Normal 238 1.00 (reference)
Amplifi ed 19 1.69 (0.81–3.51)

  Bcl-2, ER and HER-2 were centrally assessed for the purpose of this study. 
 CI, confi dence interval; ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; HR, hazard ratio. 
 a Model stratifi ed by duration of allocated tamoxifen treatment (0.5 or 1, 2, and 5 years).   
  b P-value assessed by the Global test.   
  c Time-dependent variables. If nothing is mentioned the follow-up period is 0 – 10 years post surgery.       
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  Table III. Demographic characteristics of Danish patients randomized (n  �    1396) in the BIG 1   -   98 study.  

Study population Excluded Total

Characteristic N (%) N (%) N (%) p a 

All 1191 (100.0) 205 (100.0) 1396 (100.0)
Age at randomization, y
 45 – 54 136 (11.4) 36 (17.6) 172 (12.3) 0.053
 55 – 64 658 (55.2) 107 (52.2) 765 (54.8)
 65 – 75 397 (33.3) 62 (30.2) 459 (32.9)
Tumor size, mm
 0 – 20 568 (47.7) 116 (56.6) 684 (49.0) 0.068
 21 – 50 585 (49.1) 84 (41.0) 669 (47.9)
  �    51 38 (3.2) 5 (2.4) 43 (3.1)
Histological type
 Inv Ductal 999 b (83.9) 170 (82.9) 1169 (83.7) 0.89
 Inv Lobular 160 (13.4) 29 (14.1) 189 (13.5)
 Other 32 (2.7) 6 (2.9) 38 (2.7)
Tumor grade
 I 249 (20.9) 61 (29.8) 310 (22.2) 0.020
 II 619 (52.0) 98 (47.8) 717 (51.4)
 III 164 (13.8) 18 (8.8) 182 (13.0)
 Unknown 159 (13.4) 28 (13.7) 187 (13.4)
Positive lymph nodes
 0 416 (34.9) 89 (43.4) 505 (36.2) 0.010
 1 – 3  � 516 b (43.3) 64 (31.2) 580 (41.5)
 4 – 9  � 166 (13.9) 32 (15.6) 198 (14.2)
 10  � 93 (7.8) 20 (9.8) 113 (8.1)
ER
  �    1% 0 (0.0) 23 (11.2) 23 (1.6) 0.65 c 
 1 – 79% 207 (17.4) 16 (7.8) 223 (16.0)
 80 – 100% 984 (82.6) 66 (32.2) 1050 (75.2)
 Unknown 0 (0.0) 100 (48.8) 100 (7.2)
HER-2
 Normal 1077 (90.4) 83 (40.5) 1160 (83.1) 0.85 d 
 Amplifi ed 109 (9.2) 7 (3.4) 116 (8.3)
 Unknown 5 (0.4) 115 (56.1) 120 (8.6)

 ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2. 
  a Comparison of study population and excluded patients by Fisher ’ s exact test.   
  b Including one observation with missing value.   
  c Unknown and  �    1% was excluded from analysis. ER was centrally assessed for this study.   
  d Unknown excluded from analysis. HER-2 was centrally assessed for this study.     

 We have hypothesized that Bcl-2 level refl ects the 
activity of the ER and that Bcl-2 will therefore supple-
ment the ER measurement as a prognostic marker in 
endocrine treated patients. In concordance, a positive 
correlation between semiquatitative ER and Bcl-2 
levels were found. However, we also found some 
tumors with simultaneous low expression of Bcl-2 and 
high ER supporting that the presence of large amounts 
of ER is not identical to an active ER. 

 We also found a trend towards a quantitative 
effect of Bcl-2: the patients with the lowest Bcl-2 
category having the largest increase in risk, again 
supporting the idea that Bcl-2 level is a refl ection 
of the activity of the ER and has the ability to 
predict the prognosis following ER-directed 
therapy. 

 We found that low Bcl-2 score correlates with 
high tumor grade, more positive lymph nodes and 

high Ki-67, which is in agreement with previous 
studies showing that Bcl-2 expression is associated 
with a less aggressive subset of breast carcinomas. We 
disclosed a strong association between low Bcl-2 
score and positive HER-2 status, suggesting that loss 
of Bcl-2 is associated with activation of alternative 
growth pathways, which may be contributing to 
endocrine resistance and therefore lead to a poor 
outcome for the patient. 

 We found few tumors with low Bcl-2 score as a 
natural consequence of the skewed distribution of 
Bcl-2 expression in these ER-positive populations. 
Combined with a relatively small sample size of 
available tumors from the Odense cohort, this 
limited our ability to explore all relevant thresholds. 
However, in the larger BIG 1   -   98 cohort the 10% 
threshold was applicable and was found to be the 
only signifi cant threshold for Bcl-2 evaluation. Thus, 
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  Table IV. Association between Bcl-2 and DFS in the Danish 
Cohort of BIG 1   -   98 by univariate analysis. a   

Bcl-2 b n Period c HR (95% CI) p

0 – 9% 37 2.90 (1.83–4.61) 0.0001
10 – 49% 32 1.23 (0.65–2.34) 0.52
 �    50%/weak  �  mod 234 0 – 5 years 1.41 (1.06–1.90) 0.02

5 – 10 years 0.49 (0.23–1.02) 0.06
 �    50%/strong 888 1.00 (reference)

 CI, confi dence interval; HR, hazard ratio; mod, moderate. 
  a Model stratifi ed by randomization option, allocated treatment 
and age at randomization.   
  b Global test for Bcl-2 (p  �    0.0002).   
  c Time-dependent variables. If nothing is mentioned the follow-up 
period is 0 – 10 years postrandomization.     

0

  Figure 2.     Kaplan-Meier estimates of DFS according to level of Bcl-2 in Danish Cohort of BIG1   -   98 (n  �    1191).  

our data confi rm the fi nding of Dawson et   al. [7] that 
Bcl-2 is an independent prognostic marker in ER-
positive patients. 

 Our fi nding that Bcl-2 can predict the outcome 
in an endocrine treated population could be due to 
poor response to endocrine treatment in tumors 
with low Bcl-2 because of a less actively functioning 
ER as hypothesized. The current study lacks an untreated 
population for comparison since all the patients were 
treated with endocrine therapy; therefore, only the 

prognostic but not the predictive value of Bcl-2 
could be investigated. Prognostic markers are used 
to identify high risk patients that will need addi-
tional treatment. One of these markers is HER-2. 
Contemporary patients with HER-2 positive breast 
cancer will be recommended trastuzumab in com-
bination with chemotherapy. Bcl-2 as a prognostic 
marker in patients with ER-positive tumors in 
today ’ s clinical setting is only relevant if they have 
HER-2 negative status. To evaluate Bcl-2 as a prog-
nosticator in a HER-2 negative population we 
conducted a subset analysis and no evidence of a 
signifi cant prognostic impact was observed in the 
HER-2 negative subset. A possible explanation is 
the strong correlation between Bcl-2 and HER-2 
leaving very few Bcl-2 low tumors when HER-2 
positive tumors are excluded. 

 Bcl-2 IHC is a low cost analysis used in routine 
diagnostics in pathology departments which makes 
it attractive for implementation as a marker in 
breast cancer management. We have confi rmed 
that Bcl-2 can identify a small proportion of 
patients (3.1%) with negative prognosis indepen-
dent of other known prognostic markers among 
patients with ER-positive tumors. However, the 
clinical relevant subset of patients is those only 
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  Table V. Association between Bcl-2 and DFS in the Danish Cohort of BIG 1   -   98 by multivariable analysis. a   

Risk factor p-value Level n Period b HR (95% CI)

Bcl-2 0.004 0 – 9% 37 2.11 (1.30–3.42)
10 – 49% 32 0.79 (0.41–1.53)
  �    50%/weak-mod 234 0 – 5 years 1.20 (0.89–1.63)

5 – 10 years 0.44 (0.21–0.93)
  �    50%/strong 888 1.00 (reference)

ER 0.82 1 – 79% 207 1.03 (0.78–1.38)
80 – 100% 984 1.00 (reference)

Tumor grade 0.004 Not known 159 1.22 (0.70–2.12)
Grade I 249 0.72 (0.52–1.00)
Grade II 619 1.00 (reference)
Grade III 164 1.47 (1.09–2.00)

Positive lymph nodes 0.0001 0 416 0.70 (0.53–0.93)
1 – 3 516 1.00 (reference)
4  � 166 1.13 (0.82–1.57)
10  � 93 3.05 (2.18–4.27)

Histological type 0.25 Ductal 999 1.00 (reference)
Non-ductal 192 0.73 (0.43–1.24)

Tumor size 0.001 1 – 20 mm 568 0.69 (0.54–0.89)
21 – 50 mm 585 1.00 (reference)
  �    51 mm 38 1.62 (1.01–2.61)

HER-2 0.034 normal 1082 1.00 (reference)
amplifi ed 109 1.47 (1.03–2.06)

 CI, confi dence interval; ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; HR, hazard ratio. 
  a Model stratifi ed by randomization option, allocated treatment and age at randomization.   
  b Time-dependent variables. If nothing is mentioned the follow-up period is from 0 years after randomization.     

treated with endocrine therapy that might need 
additional treatment. 

 In conclusion, this study shows that Bcl-2 has 
prognostic signifi cance. However, the use of Bcl-2 
as a combined prognostic and predictive marker of 
DFS is still an open question. Neoadjuvant studies 
of endocrine treatment with the ability of direct eval-
uation of treatment response could provide an answer 
to this question.   
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