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ABSTRACT

Background: Adjuvant endocrine therapy has significantly improved survival of estrogen receptor o
(ER)-positive breast cancer patients, but around 20% relapse within 10 years. High expression of
ER-stimulated proteins like progesterone receptor (PR), Bcl-2 and insulin-like growth factor receptor |
(IGF-IR) is a marker for estrogen-driven cell growth. Therefore, patients with high tumor levels of these
proteins may have particularly good prognosis following adjuvant endocrine therapy.

Patients and methods: Archival tumor tissue was available from 1323 of 1396 Danish breast cancer
patients enrolled in BIG 1-98, a randomized phase-lll clinical trial comparing adjuvant letrozole, tamoxi-
fen or a sequence of the two drugs. Immunohistochemical staining for ER, HER-2, PR, Bcl-2 and IGF-IR
was performed and determined by Allred scoring (ER, PR and Bcl-2) or HercepTest (HER-2 and IGF-IR).
Results: Data on all five markers were available from 969 patients with ER-positive, HER-2-negative
tumors. These patients were classified in ER activity groups based on the level of PR, Bcl-2 and IGF-IR.
High ER activity profile was found in 102 patients (10.5%) and compared with the remaining patients,
univariate and multivariate analysis revealed HR (95% Cl) and p values for disease-free survival (DFS) of
2.00 (1.20-3.22), 0.008 and 1.70 (1.01-2.84), 0.04 and for the overall survival (OS) of 2.33 (1.19-4.57),
0.01 and 1.90 (0.97-3.79), 0.06, respectively. The high ER activity profile did not disclose difference in
DFS or OS according to treatment with tamoxifen or letrozole (p =.06 and .09, respectively).
Conclusions: Stratifying endocrine-treated patients in ER activity profile groups disclosed that patient
with high ER activity profile (10.5%) had significantly longer DFS and OS, and the profile was an inde-
pendent marker for DFS. High ER activity is a marker for estrogen-driven tumor growth. We suggest
further analyses to disclose whether the ER activity profile or other markers associated with estrogen-
driven growth may be used to identify ER-positive high-risk breast cancer patients who can be spared
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adjuvant chemotherapy.

Background

Estrogen and the estrogen receptor o (ER) play a central role
in development and growth of the majority of breast cancers.
Breast tumors with ER-driven tumor growth are responsive to
endocrine therapy and the antiestrogen tamoxifen, which
competes with estrogen for binding to ER, has been the
backbone of adjuvant endocrine therapy for early breast can-
cer [1]. In postmenopausal patients, switching from tamoxi-
fen to aromatase inhibitors, which block the conversion of
testosterone to estradiol, has further reduced the risk of
recurrence by about 30% [2]. Although the use of adjuvant
endocrine therapy has clearly improved breast cancer sur-
vival, a significant number of endocrine-treated patients
develop recurrent disease, 19.1% and 22.7% at 10-year fol-
low-up after 5 years of aromatase inhibitor or tamoxifen,
respectively [2]. Therefore, a large number of ER-positive
breast cancer patients will receive adjuvant chemotherapy

before endocrine therapy and at present, we have no bio-
marker to select patients who will require chemotherapy or
can be spared chemotherapy.

ER drives growth of breast tumors responding to endocrine
therapy. ER becomes activated upon binding of estrogen and
functions as a transcription factor, which regulates nearly a
thousand genes [3,4]. Patients with as little as 1% ER-positive
tumor cells derive benefit from endocrine therapy [5], but
superior benefit is observed in patients with tumors express-
ing higher level of ER [5] and also in patients with tumors
expressing the estrogen-inducible progesterone receptor (PR)
[6,7]. In a pilot study with archival tumor tissue from a small
subgroup of patients with advanced hormone receptor (ER
and/or PR) positive breast cancer participating in the inter-
national PO25 clinical trial comparing first line letrozole to
tamoxifen [8], we have previously tested an ER activity profile
consisting of ER and the three estrogen-stimulated proteins
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PR, Bcl-2 and IGF-IR [9-12]. In the subgroup of patients treated
with letrozole, we found significantly longer progression-free
survival for patients with high ER activity profile compared
with the other patients [9].

The aim of the current study was to test whether the high
ER activity profile was associated with longer disease-free
and overall survival, and whether the profile was predictive
of benefit from letrozole compared to tamoxifen.

Material and methods
Patients

Archival formalin-fixed and paraffin-embedded primary tumor
tissues from Danish breast cancer patients who participated
in the international randomized double-blinded clinical
phase-lll trial, BIG 1-98, were included in the study. In BIG
1-98, the efficacy of five years of tamoxifen or letrozole
monotherapy, or their sequence was compared in postmeno-
pausal women with hormone-receptor (ERa and/or PR)-posi-
tive breast cancer [13-15]. In total, 1396 Danish patients,
enrolled between 1998 and 2003, were randomized in BIG
1-98, and primary tumors from 1323 patients were available
for tissue microarray (TMA) preparation as previously
described [16]. The biomarker study was conducted accord-
ing to the Declaration of Helsinki and approved by The
Danish National Committee on Biomedical Ethics in Denmark
in 1997 (KF02 1 178/97), and an addendum approved in
2004 (KF 12 - 142/04). All patients had given written
informed consent before inclusion in the BIG 1-98 study.

Immunohistochemical (IHC) analysis and evaluation

Immunohistochemical staining of ER, HER-2, PR, Bcl-2 and
IGF-IR was performed as previously described [9,16]. The fol-
lowing primary antibodies were used: ER (clone ER1D5, 1:200;
Immunotech, Trichem Aps, Frederikssund, Denmark), PR
(clone 16, 1:200, Novocastra, Trichem Aps), IGF-IR (clone
24-31, 1:200, Thermo Fisher Scientific, Waltham, MA) and Bcl-
2 (clone 124, 1:300, Dako Denmark A/S, Glostrup, Denmark).
The specificity of the immunoreactions was verified by substi-
tution of the primary antibody with the corresponding con-
centration of mouse IgG;, X0931, (Dako Denmark A/S). HER-2
IHC staining was performed with the antibody included in
‘HercepTest for the TechMate Instrument’ (Dako Denmark A/
S) according to the manual. Tumors with IHC HercepTest
score 2+ were further analyzed by fluorescence in situ
hybridization (FISH) using Histology FISH accessory kit K5599
(Dako Denmark A/S), as recommended in the HercepTest
Guidelines. Positive control slides with breast tumor tissue
were included as controls in each run.

Semiquantitative determination of the IHC staining was
performed without knowledge of the clinical data. Nuclear
staining of ER and PR, and cytoplasmic staining of Bcl-2 was
determined according to the method by Allred et al. [17] as
previously described [16]. Membrane IHC staining of IGF-IR
and HER-2 was scored according to the HercepTest™ guide-
lines [16]. HER-2 gene amplification was determined by

counting 60 HER-2 signals (red) and CEN17 (green) signals in
nuclei from representative tumor areas and the HER-2/CEN17
ratio was calculated [18]. A HER-2/CEN17 ratio >2 indicates a
HER-2-amplified tumor, whereas an HER-2/CEN17 ratio <2
indicates a HER-2 nonamplified tumor, which is classified as
HER-2-negative.

Statistical analysis

All clinical data were collected and monitored by the
International Breast Cancer Study Group (IBSCG) and the
Danish Breast Cancer Cooperative Group (DBCG). The statis-
tical analyses were conducted at DBCG. Follow-up time was
quantified in terms of a Kaplan-Meier estimate of potential
follow-up. Kaplan—-Meier plots were used to illustrate disease-
free (DFS) and overall (OS) survival. As in the BIG 1-98 study,
DFS was defined as the time from randomization to the ear-
liest of any of the following events: recurrence of the disease
at a local, regional or distant site; a new invasive cancer in the
contralateral breast; new secondary nonbreast cancer; or
death without a previous cancer event. Time-to-event
outcomes, DFS and OS, were analyzed according to the inten-
tion-to-treat principle (ITT). Follow-up in the sequential arms
was censored at 2 years, that is, at the time of scheduled cross
over to enable comparison of pure tamoxifen- and letrozole-
treated patients. The associations between ER profile and
time-to-event endpoints, DFS and OS, were analyzed using
the log-rank test stratified by treatment arm. Hazard ratio (HR)
estimates were obtained from analysis using Cox proportional
hazards models. Multivariate analyses included age, nodal sta-
tus, tumor size, histological type and grade as covariates.
Potential treatment effect heterogeneity according to ER pro-
file and its component markers PR, Bcl-2 and IGF-IR was inves-
tigated by subgroup analysis and test for heterogeneity.

The number of deaths observed was compared with the
number of deaths expected, calculated by applying age- and
calendar year-specific female mortality figures of the general
Danish population to the person years of risk. Standard mor-
tality ratio (SMR) was computed as the ratio of the observed
to the expected number of deaths and 95% confidence inter-
vals (Cl) were computed based on the assumption that the
observed number of deaths followed a Poisson distribution.
The SMR was analyzed using univariate Poisson regression
model. All p values were two-tailed. Statistical analyses were
performed with the SAS v9.4 program package (SAS Institute
Inc.,, Cary, NC, USA).

Results
IHC staining and patient data

In this study, archival primary tumor tissues from 1323 of the
1396 Danish breast cancer patients enrolled in the BIG 1-98
study between 1998 and 2003 were included for IHC
analyzes to detect the expression of ER, HER-2 and the ER-
regulated proteins PR, Bcl-2 and IGF-IR. The staining was
scored semiquantitatively either using the Allred method (ER,
PR and Bcl-2) or the HercepTest score (HER-2, IGF-IR), as
described in Material and Methods. The results from the



Table 1. IHC scoring results.
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Allred score ER PR Bcl-2 HercepTest score IGF-IR HER-2
Negative 0 25 201 42 0 66 581
2 7 53 15 1 162 530
Intermediate 3 10 94 10 2 602 96°
4 40 107 32 - - -
5 103 162 75 - - -
6 193 153 277 - = -
High 7 371 237 454 3 335 75
8 533 252 345 - - -
N.A. - 41 64 73 - 158 41
Total - 1323 1323 1323 - 1323 1323

?FISH analysis revealed 41 with amplified DNA (HER-2/CENT17 >2.0) and thus HER-2-positive.

N.A.: not accessable.

scorings are shown in Table 1. Only 2% of the tumors were
classified as ER negative (Allred scores 0 and 2). Intermediate
(Allred scores 2-6) and high (Allred scores 7-8) ER levels
were found in 26% and 68%, respectively (Table 1). A total of
116 patients were classified as HER-2 positive, of these 75
had HER2 score 3 and 41 had HER-2 score 2 and gene ampli-
fication. The nuclear expression of PR was negative/low in
19% of the tumors, whereas 39% of the tumors expressed
intermediate and 37% high levels of PR. High cytoplasmic
staining of Bcl-2 was seen in 60% of the tumors, whereas
30% expressed intermediate and 4% negative/low level of
Bcl-2. Finally, the membrane expression of IGF-IR was high
(HercepTest score 3) in 25% of the tumors, whereas 46%
showed intermediate (HercepTest score 2) and 17% no or
low (HercepTest scores 0-1) expression.

Standard clinicopathological parameters have previously
been published [19]. For analysis, a complete set of the
investigated IHC markers were required. Patients with ER-
negative tumors were excluded. Also patients with HER2-
positive tumors were excluded as today, these patients will
receive treatment with trastuzumab and chemotherapy
before endocrine therapy. No statistical significant differences
were observed in included (N=969) and excluded (N =354)
patients in the prognostic variables; age, nodal status, tumor
size, tumor grade and histological type. The number of
patients randomized to letrozole or tamoxifen were well bal-
anced, 489 (50.5%) and 480 (49.5%), respectively.

Marker evaluation of ER activity profiles

ER-positive and HER-2-negative patients were classified in ER
activity profile groups based on the level of the IHC staining
for PR, Bcl-2 and IGR-IR, Table 1. High ER activity profile was
defined as high level of all three markers (102 patients), inter-
mediate ER activity profile required 2 markers at high level
and one at intermediate level (238 patients). Low ER activity
profile consisted of tumors with only one marker at high
level and tumors with at least one marker at intermediate
level (627), whereas negative ER activity profile required
negative values for all three markers (2), Table 2. The base-
line characteristics for the patients in the different ER activity
profile groups are shown in Table 3. The number of patients
randomized to letrozole or tamoxifen was well balanced in
all groups and the age distribution was similar among the
groups. Statistically significant differences in nodal status,

Table 2. Composition of ER activity profiles among 969 patients with ER-posi-
tive and HER-2-negative tumors.

ER activity profile Parameters High Intermediate Low Negative
PR - - - -
High 102 168 144 -
Intermediate - 70 322 -
Negative - - 161 2
Bcl-2 - - - -
High 102 214 336 -
Intermediate - 24 270 -
Negative - - 21

IGF-IR - - - -
High 102 94 92 -
Intermediate - 144 356 -
Negative - - 179 2
Total 102 238 627 2

tumor size and grade (p=.003, .006 and .005, respectively),
were observed between patients according to ER activity pro-
file groups.

The Kaplan-Meier plots shown in Figure 1 revealed a sig-
nificant association between the high ER activity profile and
increased disease-free (p =.008) and overall (p =.01) survival,
(Table 4). Noteworthy, only 16 of the 102 patients with high
ER activity profile had recurred and nine had died. The uni-
variate analysis comparing the 867 patients with intermediate
or lower ER activity profile with the 102 patients in the high
ER activity profile group revealed a significantly higher risk of
relapse (HR=2.00, Cl=1.20-332, p=.008) and death
(HR=2.33, C1=1.19-4.56, p=.01), (Table 4). A comparison of
the separate groups of intermediate and low ER activity pro-
file groups with the high ER activity profile group as refer-
ence showed a statistically significant higher risk of relapse
and death with lower ER activity profile (p=.0008 and
p =.0003, respectively). In the multivariate analysis including
the standard covariates; age, nodal status, tumor size, tumor
grade and histological type, the ER activity profile was a sig-
nificant and independent marker of prolonged disease free
(p =.04) but not of overall survival (p=.06), (Table 4).

No differences in DFS or OS were observed for tamoxifen-
or letrozole-treated patients grouped according to ER activity
profile, (Table 5). Also, the individual markers in the ER activ-
ity profile, PR, Bcl-2 and IGF-IR, did not disclose significant
differences between tamoxifen- or letrozole-treated patients,
(Table 5).

The finding that only nine of the 102 patients had died
during the estimated median potential observation time of
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Table 3. Baseline characteristics of ER activity profile groups among 969 patients with ER-positive and HER-2-negative tumors.

Negative ER activity Low ER activity Intermediate ER activity High ER activity
Parameter profile N (%) profile N (%) profile N (%) profile N (%) p Value*
Analysis population 2 627 238 102
Treatment arm - - - - .66
Tamoxifen 2 (100) 322 (51.5) 117 (49.2) 48 (47.1)
Letrozole 0 (0.0 305 (48.6) 121 (50.8) 54 (52.9)
Age - - - - .90
45-54 years 0 (0.0 72 (11.5) 27 (11.3) 14 (13.7)
55-64 years 1 (50.0) 349 (55.7) 129 (54.2) 58 (56.9)
65-75 years 1 (50.0) 206 (32.9) 82 (34.5) 30 (29.4)
Lymph nodes - - - - .003
0 positive 1 (50.0) 216 (34.4) 96 (40.3) 24 (23.5)
1-3 positive 0 (0.0 271 (43.2) 90 (37.8) 61 (59.8)
4-9 positive 1 (50.0) 88 (14.0) 28 (11.8) 15 (14.7)
>9 positive 0 (0.0 52 (8.3) 23 (9.7) 2 (2.0
Tumor size - - - - .006
0-20 mm 2 (100) 273 (43.5) 123 (51.7) 60 (58.8)
21-50 mm 0 (0.0 328 (52.3) 112 (47.1) 41 (40.2)
>50mm 0 (0.0 25 (4.0) 3(1.3) 1(1.0)
Tumor grade - - - - .005
Grade 1 0 (0.0 131 (20.9) 54 (22.7) 37 (36.3)
Grade 2 1 (50.0) 324 (51.7) 134 (56.3) 42 (41.2)
Grade 3 0 (0.0 84 (13.4) 23 (9.7) 9 (8.8)
Not classified 1 (50.0) 88 (14.0) 27 (11.3) 14 (13.7)
Histological type - - - - .26
Invasive ductal 1 (50.0) 519 (82.8) 203 (85.3) 89 (87.9)
Invasive lobular 1 (50.0) 94 (15.0) 26 (10.9) 10 (9.8)
Other 0 (0.0) 14 (2.2) 9 (3.8 2 (2.0)
Not classified 0 (0.0) 0 (0.0) 0 (0.0) 1(1.0)

*Excluding ER activity profile negative as well as unknowns.

Disease —Free Survival (%) Overall Survival (%)
100 100
80 80
60 60
40 40
20 ------- High ER p=0.008 20  ------- High ER p=0.01
1 — Other 1 — Other
0 0-
T T T T T T T T T T T T T T T T T T T T T T
0o 1 2 3 4 5 6 7 8 9 10 0o 1 2 3 4 5 6 7 8 9 10
No. at risk Years No. at risk Years
High ER 102 929 93 87 59 20 High ER 102 102 99 98 66 25
Other 867 804 727 652 432 131 Other 867 845 787 730 494 158

Figure 1. Kaplan—-Meier survival curves demonstrating percentage DFS and OS for patients whose tumors have high ER activity profile versus other patients.
p Values from log-rank testing.

Table 4. Comparison of disease-free and overall survival in patients with high ER activity profile versus others and high ER
activity profile versus intermediate and low ER activity profile.

DFS 0s
Variable HR (95% Cl) p HR (95% Cl) p
Others vs. high ER profile 2.00 (1.20-3.32) .008 2.33 (1.19-4.57) .01
Intermediate vs. high ER profile 1.43 (0.80-2.54) 0008 1.54 (0.72-3.29) 0003
Low vs. high ER profile 2.21 (1.32-3.69) ’ 261 (1.32-5.15) ’
Others vs. high ER profile® 1.70 (1.01-2.84) .04 1.91 (0.97-3.79) .06
*Multivariate analysis including; age, nodal status, tumor size, tumor grade, histological type, with stratification for treat-
ment group.

95.5 months prompted an exploratory analysis of the standar- SMR is 1.36 (Cl: 0.71-2.61). The SMR for the whole group of
dized mortality rate (SMR) of the high ER profile group versus  patients was 2.44 (Cl: 2.08-2.86) with no statistically significant
an age-matched female population. The expected number of difference comparing SMR for patients with high ER activity
deaths is 6.6 in the age-matched female population, and the profile and the remaining group, p =.07.
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Table 5. Cox-regression analysis comparing disease-free and overall survival between letrozole and tamoxifen grouped by ER activity profile, PR, bcl-2 and

IGF-IR.

DFS (0N

HR (95% Cl) HR (95% Cl) letrozol

Parameter N Events Letrozol vs Tamoxifen p Value interaction Events vs. tamoxifen p Value interaction
Overall 966° 230 0.95 (0.73-1.23) 150 0.92 (0.66-1.27)
Letrozole 480 115 - 73 -
Tamoxifen 486 115 - 77 -
ER profile - - - .06 - - .09
High 101 16 2.71 (0.87-8.44) 9 3.44 (0.71-16.7)
Other 865 214 0.89 (0.68-1.17) 141 0.85 (0.61-1.19)
PR - - - .53 - - A1
High 412 78 1.17 (0.74-1.83) 44 1.28 (0.70-2.34)
Intermediate 392 109 0.84 (0.57-1.23) 78 0.81 (0.51-1.27)
Negative 162 43 0.88 (0.48-1.61) 28 0.76 (0.36-1.61)
Bcl-2 - - - .05 - - .19
High 649 149 0.91 (0.66-1.26) 94 0.80 (0.53-1.20)
Intermediate 294 73 0.87 (0.55-1.40) 49 1.04 (0.59-1.84)
Negative 23 8 6.79 (1.35-4.28) 7 3.74 (0.70-19.8)
IGF-IR - - - 45 - - 49
High 286 48 1.20 (0.67-2.14) 31 1.16 (0.57-2.38)
Intermediate 499 128 1.01 (0.71-1.44) 84 0.98 (0.63-1.52)
Negative 181 54 0.73 (0.41-1.27) 35 0.65 (0.32-1.31)

?One patient was omitted from this analysis, due to lack of histologic type.

Discussion

Expression of ER in breast tumors is a prerequisite for
estrogen-driven tumor growth, but not all patients with
ER-positive tumors benefit from endocrine therapy, and
therefore, adjuvant chemotherapy followed by adjuvant
endocrine therapy is recommended for the majority of
ER-positive breast cancer patients. Estrogen regulates the
expression of a large number of genes and high expression
of known estrogen-stimulated proteins like PR, Bcl-2 and
IGF-IR in the tumor tissue reflects estrogen-driven tumor
growth and may be better markers to select patients who
may benefit from endocrine therapy than ER alone. In a pre-
vious small study with breast cancer patients receiving either
tamoxifen or letrozole for advanced disease, we have found
that letrozole-treated patients with a high ER activity profile
consisting of high expression of PR, Bcl-2 and IGF-IR had sig-
nificantly longer time to tumor progression [9]. In this study
including 1323 Danish patients from the BIG 1-98 study who
received tamoxifen, letrozole or a sequence of the two drugs
for early breast cancer, we found significantly improved DFS
and OS in the 102 patients with a high ER activity profile
compared to the remaining patients, p=.008 and p=.01,
respectively. The multivariate analysis adjusted for the prog-
nostic factors of age, lymph nodes, tumor size, grade and
histological type disclosed that high ER activity profile was
an independent marker for DFS (p =.04) and borderline for
OS (p=.06).

In a recent study including 6529 postmenopausal ER-posi-
tive high-risk Danish breast cancer patients who had received
only adjuvant endocrine therapy with 5 years of tamoxifen,
an aromatase inhibitor or both in sequence, excess mortality
compared to age-matched females was observed [20], sup-
porting that ER-positive high-risk breast cancer patients need
additional treatment, for example, adjuvant chemotherapy.
The standardized mortality rate for all 969 patients in this
study is 2.44 (Cl: 2.08-2.86), confirming the excess mortality
in ER-positive high-risk patients receiving only endocrine

therapy and supporting addition of adjuvant chemotherapy
to the majority of these patients. In order to select patients
who may be spared adjuvant chemotherapy, the number of
deaths in the selected group must be similar to the number
of deaths in an age-matched female population. Our finding
of nine deaths was not significantly different from the
expected 6.6. However, the ER activity profile group is too
small to allow a final conclusion and the statistical analysis
comparing SMR in the high ER activity profile group with the
remaining patients did not reach statistical significance
(p=.07). Our data support further analyses of the ER activity
profile or other markers associated with estrogen-driven
tumor growth as markers to select patients who may be
spared adjuvant chemotherapy. Today, several gene expres-
sion-based predictors for breast cancer are available and
most of these signatures identify a subset of luminal A
patients with node-negative disease, who might be consid-
ered suitable for adjuvant endocrine therapy alone [21]. A
potential selection marker for adjuvant chemotherapy may
be the 70-gene signature (MammaPrint), which divides breast
cancer patients into high and low genomic risk groups for
recurrent disease [22]. Thus, the addition of the 70-gene sig-
nature to the high and low clinical risk groups defined by
clinical-pathological factors disclosed that patients with high
clinical risk of distant metastasis but low genomic risk had
only slightly lower risk of distant metastasis with than with-
out chemotherapy, indicating that these patients may not
require chemotherapy [23]. Of particular interest in relation
to our ER activity profile is the EndoPredict® gene expression
assay based on eight cancer-related genes covering bio-
logical processes such as proliferation, apoptosis, cell
adhesion, cell signaling and ER expression [24]. A low
EndoPredict® risk score identifies patients who have signifi-
cantly improved RFS at both 5 and 10 years of follow-up
[25]. An explorative analysis using the EndoPredict®
assay showed that the expression levels of proliferative and
ER-signaling genes contributed differentially to the prediction
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of early and late metastasis. Thus, high expression level of
ER-signaling genes was significantly associated with reduced
number of late metastases, whereas expression of prolifera-
tive-associated genes were significant for early (before
5 years) but not late metastases [25]. These data are in good
agreement with our data and support that determination of
expression of estrogen-regulated genes may help selecting
patients who may be spared adjuvant chemotherapy.

In the high ER activity profile group, we did not find dif-
ferences in outcomes for patients treated with tamoxifen or
with letrozole, indicating that both tamoxifen and letrozole
are efficient therapy for these patients. This is in contrast to
the results from our study of advanced breast cancer, which
showed significantly improved progression-free survival and
overall survival only in letrozole-treated patients with high ER
activity profile [9]. Although the number of patients receiving
letrozole and tamoxifen was well balanced in the high ER
activity profile group, the lack of a significant difference
might be due to very few patients in each group or to the
fact that in the BIG 1-98 study, patients allocated to tamoxi-
fen monotherapy were allowed to cross over to treatment
with letrozole, when it became evident that DFS with letro-
zole monotherapy was superior to tamoxifen [13,26]. The
ability to cross over from tamoxifen to letrozole may also
explain the lack of superiority of letrozole to tamoxifen in
the whole group of Danish patients, (Table 5).

In summary, stratification of ER-positive, HER-2-negative
Danish breast cancer patients from the BIG 1-98 study in ER
activity profile groups disclosed significantly improved DFS
and OS in the group with high profile. High ER activity profile
is a marker for estrogen-driven tumor growth and these
patients may have a better prognosis and/or particular bene-
fit from adjuvant endocrine therapy. We suggest further anal-
yses to test whether the high ER activity profile or other
markers related to estrogen-driven tumor growth may be
used to identify ER-positive high-risk breast cancer patients
who may be spared adjuvant chemotherapy.
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