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A B S T R A C T

Purpose
To determine whether the hormone receptor status of the primary breast cancer (PBC) is
predictive of the hormone receptor status of the subsequent contralateral breast cancer (CBC).

Patients and Methods
We identified patients in our database with known estrogen receptor (ER; n � 193) and/or
progesterone receptor (PgR; n � 178) status in their PBC and in their subsequent CBC. One
hundred twenty-six of these patients had received no adjuvant therapy, 34 had received
adjuvant tamoxifen, and 33 had received adjuvant chemotherapy alone. The median interval
between the first diagnosis of PBC and the development of the subsequent CBC was 3
years. ER and PgR assays were assessed biochemically in two central reference laboratories
using identical quality-controlled ligand-binding methods.

Results
Among systemically untreated patients (n � 126), 88% of patients with ER-positive PBC and
75% of patients with ER-negative PBC developed an ER-positive CBC (P � .11). Among the
tamoxifen-treated patients, those with an ER-positive PBC were almost equally likely to
develop an ER-positive (47%) or ER-negative (53%) CBC (P � .99). PgR status was similar.
In the untreated group (n � 112), 59% of patients with a PgR-positive PBC and 66% with a
PgR-negative PBC developed a PgR-positive CBC (P � .48). Among tamoxifen-treated
patients (n � 33), 50% of patients with a PgR-positive PBC versus 27% of patients with a
PgR-negative PBC developed a PgR-positive CBC (P � .28).

Conclusion
ER and PgR status of the primary tumor does not predict the hormone receptor status of the
subsequent CBC in the absence of selective pressure of adjuvant therapy. Thus, other
reasons should be considered to clarify the failure of tamoxifen to reduce the incidence of
CBC in patients with a receptor-negative PBC.

J Clin Oncol 23:4687-4694. © 2005 by American Society of Clinical Oncology

INTRODUCTION

The increasing incidence of breast cancer cou-
pled with improved long-term survival after
effective treatment of the primary tumor have
placed an increased number of women at risk
for development of another cancer in the op-
posite breast. Five years of adjuvant tamoxifen
treatment is associated with a 45% reduction
in the risk of contralateral breast cancer

(CBC).1 Although the cumulative database is
still relatively small, this benefit seems limited
largely to the subset of patients whose initial
breast cancer was estrogen receptor (ER) pos-
itive (R. Peto, personal communication).2,3

Why adjuvant hormonal therapy may
reduce the incidence of CBC mainly in pa-
tients with receptor-positive primary tu-
mors is still unclear. Data addressing this
question are sparse, especially in patients
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not receiving adjuvant tamoxifen or other forms of endo-
crine therapy, a therapy that could confound the results by
selecting relatively more ER-negative tumors as shown in
the National Surgical Adjuvant Breast and Bowel Project
(NSABP) P-1 Study prevention trial.4 As a possible expla-
nation, we hypothesized that the receptor status of the CBC
may be related to that of the primary breast cancer (PBC),
so that patients with ER-negative PBC would be more likely
to develop an ER-negative CBC that would not be sup-
pressed by tamoxifen.

To determine whether the hormone receptor status of
the PBC is predictive of the hormone receptor status of the
CBC, we examined the ER and progesterone receptor (PgR)
status and other tumor characteristics of the PBC and of
subsequent CBCs in the same patients with synchronous or
metachronous bilateral breast cancer. We performed sepa-
rate analyses for patients who had or had not received
adjuvant tamoxifen for their PBC.

PATIENTS AND METHODS

Study Population

The Breast Center at Baylor College of Medicine (Houston,
TX) maintains databases of breast cancer patients whose biopsy or
mastectomy specimens were sent to central laboratories for steroid
receptor assays. These patients were diagnosed and treated at more
than 370 academic and community institutions throughout the
United States. Histologic diagnoses were made by pathologists at
community hospitals and were not reviewed centrally. Follow-up
information was obtained from tumor registries, by direct review
of medical records performed by data managers, or by data collec-
tion forms completed by the office of the referring physicians.
These databases contain 50,538 patients who were diagnosed be-
tween 1970 and 1998. Breast cancer was defined as invasive or in
situ lesions. Overall, a total of 2,855 patients with CBC were
identified in our databases. However, the number of patients for
whom reliable clinical and biologic information could be obtained
was limited to 1,158 patients. Among those, only patients whose
ER and/or PgR status were performed in the two central laborato-
ries on both the PBC and the subsequent CBC were included in
this study (n � 193). Among the 193 PBCs, 77% were invasive
ductal carcinoma (IDC); 7% were invasive lobular carcinoma
(ILC); 14% were less frequent invasive histotypes such as tubular,
mucinous, mixed ILC and IDC, and adenocystic; and 2% were in
situ lesions. Information on tumor histotype was available for 117
CBCs. The vast majority of CBCs (75%) were IDC, 12% were ILC,
10% were less frequent invasive histotypes, and 3% were in situ
lesions. The low incidence of in situ lesions may be a result of the
fact that, until recently, receptor assays were not required for their
management and, thus, the tissue was not submitted for testing.
The following clinical data were examined: age, date of diagnosis,
stage, interval between PBC and CBC, and adjuvant treatment for
the PBC. The median follow-up time for the patients included
onto the study was 111 months (range, 15 to 301 months), and
these patients were observed in a manner consistent with commu-
nity standards at the time.

Steroid Receptor Determination

ER levels were measured by the dextran-coated charcoal
method as previously described.5 From 1970 to 1984, [3H]estra-
diol was used as labeled ligand. During the same time period, PgR
levels were measured by sucrose density gradient.6 In 1985, the
standard multipoint dextran-coated charcoal assay was modified
to incorporate 125I-labeled estradiol and [3H]R5020 in a single
assay, allowing the simultaneous determination of both ER and
PgR.7 Levels � 3 fmol/mg protein were considered positive for ER,
and levels � 5 fmol/mg protein were considered positive for PgR.
These cutoffs represent the lower level of assay sensitivity.

S-Phase Fraction and DNA Ploidy Determination

DNA ploidy and S-phase fraction were evaluated by DNA
flow cytometry as previously described.8,9 S-phase fractions less
than 6% were considered low, S-phase fraction of 6% to 10% were
considered intermediate, and S-phase fractions more than 10%
were considered high.

Statistical Analysis

Analysis was performed in the overall patient group and
separately for the untreated, tamoxifen-treated (tamoxifen only
and chemotherapy plus tamoxifen), and chemotherapy only–
treated patients. The proportion of CBC tumors that were ER or
PgR positive was compared with the proportion of PBC tumors
that were ER or PgR positive using �2 or Fisher’s exact tests.
Because chemotherapy may cause amenorrhea in premenopausal
women, thus acting like an endocrine therapy, we included only
the subset of untreated and tamoxifen-treated premenopausal
patients in addition to all postmenopausal patients in the logistic
regression models. The univariate association of the characteris-
tics of the PBC with ER and PgR status of the PBC was evaluated
using the logistic regression model. In addition, the association of
each of the PBC variables with ER and PgR status of the CBC was
also assessed using logistic regression models with adjustment for
treatment group (untreated v tamoxifen treated). The simulta-
neous modeling of all the variables in a multivariate model was not
performed because of smaller patient numbers resulting from
missing data. Odds ratios (ORs) and 95% CIs were calculated for
each variable with adjustment for the effect of treatment group
(untreated v tamoxifen treated) in the model.

Because age may influence the hormone receptor status of
breast cancer and because patients would be older when they were
diagnosed with a CBC, we determined whether we needed to adjust
for patient age in assessing ER positivity rates for the CBC. Using our
entire database, we estimated age-specific ER positivity rates accord-
ing to 5-year age groups. These probabilities were then applied to our
study set, and logistic regression modeling was used to determine
whether the probability of ER positivity according to age at diagnosis
of the CBC was associated with CBC ER positivity rates.

RESULTS

Patients and Tumor Characteristics

To test whether the population of patients included
in the present study (n � 193) was representative of the
whole CBC patient population available in our database
(n � 965), we compared clinical and biologic tumor char-
acteristics of PBCs between the two patient populations
stratified by decades of diagnosis (1970 to 1979, 1980 to
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1989, and 1990 to 1999). None of the clinical and tumor
characteristics analyzed (ER status, PgR status, tumor size,
axillary node status, S phase, and ploidy), except the num-
ber of metastatic lymph nodes among patients diagnosed
from 1980 to 1989, was statistically significantly different.

Among the 193 patients included in this study, 126
(65%) received no adjuvant treatment, allowing assessment
of the natural development and progression of CBC unin-
fluenced by the selective pressure of systemic treatment.
Thirty four patients (18%) received tamoxifen (27 received
tamoxifen only and seven received chemotherapy plus ta-
moxifen), and 33 patients (17%) received chemotherapy
only as adjuvant therapy for their PBC.

Women at PBC diagnosis were younger, by definition,
than at CBC diagnosis. The median age at the PBC diagnosis
was 62 years (range, 28 to 96 years), and the median age at
diagnosis of the CBC was 65 years (range, 30 to 99 years;
Table 1). Overall, CBCs were smaller in size compared with
PBCs (73% v 52% were � 2 cm in diameter, respectively;
P � .013).The slightly higher incidence of metastases in the
axillary lymph nodes (33% in CBC v 27% in PBC, P � .08)
was not significant. Among the PBCs, 153 (79%) of 193
were ER positive, and 106 (59%) of 178 were PgR positive.
Fifty-seven (48%) of 120 PBCs were diploid, and 73 (71%)
of 103 PBCs were considered to have a low or intermediate

S-phase fraction. In the CBCs, 141 (73%) of 193 and 97
(52%) of 187 were ER positive and PgR positive, respec-
tively; 49 (41%) of 120 were diploid, and 68 (63%) of 108
had low or intermediate S-phase fractions. With exception
of tumor size, none of these characteristics of the CBCs was
statistically significantly different from the PBCs (Table 1).

The median interval between the PBC and the CBC was
3 years (range, 5 months to 16 years). To evaluate the
potential drift (time-dependent change) on tumor receptor
status, we evaluated the impact of the time interval between
PBC and CBC diagnosis for both ER and PgR status (Table
2). Whether patients were initially ER positive or ER nega-
tive, the median interval between diagnosis was not signif-
icantly different for concordant versus discordant ER status
on the subsequent CBC. Median interval between diagnosis
of PBC and CBC did not affect the ER status of CBC in
either the untreated or the tamoxifen only–treated patients
(data not shown). A similar result was found for PgR status
(Table 2), suggesting that a longer time interval between
diagnoses is not a contributing factor in the evolution of
tumors from hormone receptor positivity to hormone re-
ceptor negativity or vice versa.

Hormone Receptor Status in PBC and CBC

ER status was available for 193 sequential pairs of as-
says, and PgR status was available for 178 assays. Because
intervening therapy might be expected to have a significant
impact on both ER and PgR status, we further analyzed our
study population according to the adjuvant therapy that
was administered for the PBC.

Overall, 75% of women with ER-positive PBC and 65%
of women with ER-negative PBC developed an ER-positive
CBC (P � .20; Table 3). Among the patients who received
no systemic adjuvant therapy (n � 126), 88% who had an
ER-positive PBC and 75% who had an ER-negative PBC
developed an ER-positive CBC (P � .11). In this group of
126 patients, the median ER value in the PBCs was similar to
that in the CBCs (62 fmol/mg protein v 82 fmol/mg protein,
respectively; P � .48). In the tamoxifen-treated patients
(n � 34), those with an ER-positive PBC were equally likely
to develop an ER-positive or ER- negative CBC. Only two
patients in this subset had an ER-negative PBC (Table 3). It
should be noted that the ER positivity rate of the CBCs
in the tamoxifen-treated patients was only 47%. Further-
more, the median ER values in the CBCs were markedly
lower than in the PBCs in this subset (0 fmol/mg protein v 55.5
fmol/mg protein, respectively), and this difference was statis-
tically significant (P � .0030). The difference between the CBC
ER positivity rates between untreated and tamoxifen-treated
patients with ER-positive PBCs was statistically significant
(P � .0001). This finding is consistent with results from the
NSABP P-1 prevention study.4,10,11 However, an alternative
explanation might be that tamoxifen, by occupying ER,
may interfere with the ligand-binding assay that was used to

Table 1. Patients and Tumor Characteristics of PBC and CBC

Characteristic PBC (n � 193) CBC (n � 193) P �

Tumor size
No. with data 193 120
� 2 cm, % 52 73
2-5 cm, % 37 23 .013
� 5 cm, % 11 4

Age
No. with data 193 193 —
Median age, years 62 65

Positive lymph nodes
No. with data 184 110
� 1, % 27 33 .08

Estrogen receptor
No. tested 193 193
Positive, % 79 73 .13

Progesterone receptor
No. tested 182 187
Positive, % 59 52 .13

DNA ploidy
No. tested 120 120
Diploid, % 48 41 .27

S-phase fraction
No. tested 103 108
Low, % 51 45
Intermediate, % 20 18 .56
High, % 29 37

Abbreviations: PBC, primary breast cancer; CBC, contralateral breast cancer.
�P value based on paired PBC and CBC data using the McNemar’s test.
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determine ER status in the subsequent CBC.12 The majority
of CBCs in the tamoxifen-treated subgroup occurred within
5 years from the diagnosis of the first invasive breast cancer
(n � 28, 82%). During the time period when these patients
were treated, tamoxifen was usually administered for 2 to 5
years. Thus, we cannot exclude the possibility that some of the
apparent discordance of ER positivity rates might be a result of
false-negative CBC assay results in the subset of patients with
ER-positive PBC caused by receptor occupancy by the drug.

Overall, 54% of patients with PgR-positive PBCs com-
pared with 49% of patients with PgR-negative PBCs devel-
oped a PgR-positive CBC (P � .50; Table 4). In the
untreated group of patients whose PgR status was known
for both PBC and CBC (n � 112), 59% of patients with
PgR-positive PBCs and 66% of patients with PgR-negative
PBCs developed a PgR-positive CBC (P � .48). Among
tamoxifen-treated patients (n � 33), 50% of patients with
PgR-positive PBCs compared with 27% of patients with
PgR-negative PBCs developed a PgR-positive CBC (P � .28;
Table 4). If only PgR-positive PBCs were considered, the
incidence of a PgR-positive CBC was similar for the un-

treated patients (59%) compared with tamoxifen-treated
patients (50%; P � .45).

Interestingly, patients treated only with adjuvant che-
motherapy seemed to behave like patients administered
tamoxifen (Tables 3 and 4). Only 53% of the patients with
ER-positive PBCs and 50% of patients with ER-negative
PBCs administered adjuvant chemotherapy developed
ER-positive CBCs, which is in striking contrast to the
88% and 75% ER-positive rate in the untreated subset.
However, 26 (79%) of the 33 patients administered che-
motherapy were � 50 years of age and likely to be pre-
menopausal. Thus, chemotherapy might be expected to
induce ovarian ablation in many of these women, result-
ing in an antiestrogenic effect on the receptor profiles
similar to that with tamoxifen.

It is known that there is an increasing number of ER-
positive cancers with increasing age, whereas the number of
ER-negative cancers remains constant.13,14 Thus, older
women are more likely to be ER positive. To investigate
whether the rate of ER-positive CBCs, which were observed
especially in the untreated group, was affected by the older

Table 2. Median Intervals Between Diagnosis of the PBC and the CBC

PBC

CBC

P

ER Positive ER Negative PgR Positive PgR Negative

Interval (years) No.� Interval (years) No.� Interval (years) No.� Interval (years) No.�

ER positive 2.49 115 2.86 38 — — — — .70
ER negative 3.62 26 3.74 14 — — — — .81
PgR positive — — — — 2.11 57 2.94 49 .43
PgR negative — — — — 3.01 35 2.94 37 .69

Abbreviations: PBC, primary breast cancer; CBC, contralateral breast cancer; ER, estrogen receptor; PgR, progesterone receptor.
�No. of patients demonstrating given assay response.

Table 3. ER Status of the PBC and CBC

PBC ER Status

CBC ER Negative CBC ER Positive Total

PNo. % No. % No. %

All patients, n � 193
Negative 14 35 26 65 40 100 .20
Positive 38 25 115 75 153 100

Untreated patients, n � 126
Negative 6 25 18 75 24 100 .11
Positive 12 12 90 88 102 100

Tamoxifen-treated patients, n � 34
Negative 1 50 1 50 2 100 .99
Positive 17 53 15 47 32 100

Chemotherapy treated patients, n � 33
Negative 7 50 7 50 14 100 .99
Positive 9 47 10 53 19 100

Unknown treatment, n � 0 — — — — — —

Abbreviations: PBC, primary breast cancer; CBC, contralateral breast cancer; ER, estrogen receptor.
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age of the patients at the time of the CBC diagnosis, we
calculated the age-specific incidence of ER-positive breast
cancer in our entire database (n � 50,538). There was no
statistically significant association between the ER status of
the CBC and the probability of ER positivity at the age of
diagnosis of the CBC (data not shown). Therefore, the ER
status of the CBC was completely independent of patient
age at diagnosis. Indeed, the estimated ER positivity rates
from the logistic model were similar to the observed ER
positivity rates in this study set.

Logistic Regression Analyses

We next performed logistic regression analyses to iden-
tify factors potentially influencing ER and/or PgR status.
We first evaluated tumor and patient characteristics at PBC
diagnosis and the ER status of the PBC. We found a signif-
icant association between ER-positive status and older pa-
tient age, PgR-positive status, tumor size, and low S-phase
fraction. The incidence of ER-positive breast cancer in-
creased with the age of patients in a linear manner (OR � 1.08
per year, P � .0001). Not unexpectedly, ER status was
strongly and directly correlated with PgR status (OR � 9.5,
P � .0001). Larger tumors and tumors with high S-phase
fractions were more likely to be ER negative (OR � 1.69,
P � .04; and OR � 2.27, P � .012, respectively). There was
no consistent relationship between ER status, DNA ploidy,
and nodal status.

None of the patient or tumor characteristics measured
in the PBC was predictive of the hormone receptor status of
the CBC, with the exceptions of tamoxifen adjuvant therapy
and S-phase fraction (Tables 5 and 6). As shown earlier, the
relative proportion of ER-positive CBCs was significantly
reduced among women treated with tamoxifen (OR � 0.15,
P � .0001). Interestingly, patients with a high S-phase frac-

tion in their PBC were not only more likely to have an
ER-negative PBC, but were also more likely to develop an
ER-negative CBC (OR for ER positivity � 0.5, P � .031;
Table 5).

Similarly, the PgR-positive status of the PBC was sta-
tistically significantly associated with low S-phase fraction
and older patient age at diagnosis, ER-positive status, and
aneuploidy (data not shown). Furthermore, the same pat-
terns of association observed between ER status and tumor
characteristics of the PBC and the CBC were found with
PgR. High S-phase fraction was inversely associated with

Table 4. PgR Status of the PBC and CBC

PBC PgR Status

CBC PgR Negative CBC PgR Positive Total

No. % No. % No. % P

All patients, n � 178
Negative 37 51 35 49 72 100 .54
Positive 49 46 57 54 106 100

Untreated patients, n � 112
Negative 14 34 27 66 41 100 .54
Positive 29 41 42 59 71 100

Tamoxifen-treated patients, n � 33
Negative 8 73 3 27 11 100 .28
Positive 11 50 11 50 22 100

Chemotherapy-treated patients, n � 33
Negative 15 75 5 25 20 100 .99
Positive 9 69 4 31 13 100

Unknown treatment, n � 0 — — — — — —

Abbreviations: PBC, primary breast cancer; CBC, contralateral breast cancer; PgR, progesterone receptor.

Table 5. Association Between PBC Characteristics and ER Positivity
of the CBC

Variable OR 95% CI P

Endocrine treatment, n � 160
Tam 0.15 0.06 to 0.34 � .0001

ER status, n � 160�

ER positivity 2.20 0.77 to 6.28 .143
Age at CBC, n � 160�

Older age 1.01 0.98 to 1.04 .412
S-phase fraction, n � 82�

High S-phase fraction 0.51 0.27 to 0.94 .031
PgR status, n � 149�

PgR positivity 0.69 0.28 to 1.70 .424
DNA ploidy, n � 95�

Aneuploidy 0.49 0.18 to 1.34 .424
Positive lymph nodes, n � 153�

� 1 0.56 0.22 to 1.43 .226
Tumor size, n � 160�

� 2 cm 0.67 0.37 to 1.21 .182

Abbreviations: PBC, primary breast cancer; CBC, contralateral breast
cancer; ER, estrogen receptor; PgR, progesterone receptor; OR, odds
ratio; Tam, tamoxifen.

�Adjusted for treatment group (tamoxifen-treated v not treated).
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the PgR-positive status of the CBC (OR � 0.55, P � .032),
and a trend for tamoxifen treatment to be inversely associ-
ated with the PgR-positive status of the CBC was also ob-
served (OR � 0.47, P � .057; Table 6).

DISCUSSION

Results from this study suggest that the ER and PgR status of
the PBC are not related to the hormone receptor status of
the subsequent CBC and that they are independent events.
In the absence of adjuvant tamoxifen, patients with an
ER-negative PBC are just as likely to develop an ER-positive
CBC as patients with an ER-positive PBC. Conversely, we
found a greater proportion of ER-negative CBCs among
tamoxifen-treated patients than among patients without
tamoxifen treatment, which is consistent with previous ev-
idence that tamoxifen treatment reduces the incidence of
ER-positive CBC.1,3 The same trends were true for the PgR
status. Among other tumor characteristics of the PBC, high
S-phase fraction was associated with hormonal receptor
negativity in the CBC. Thus, the data do not support the
hypothesis that the failure of tamoxifen to reduce the inci-
dence of CBC when the PBC is ER negative is a result of the
more likely development of an ER-negative CBC.

One possible explanation for these discrepant observa-
tions is that the interpretation of the clinical data suggesting
that the beneficial effect of tamoxifen in reducing the inci-
dence of CBC is restricted to ER-positive PBC is incorrect. It
is well known that tamoxifen reduces the incidence of
CBC.1,15-17 A recent update of the Early Breast Cancer Tri-

alists’ Collaborative Group overview analysis of all adjuvant
tamoxifen trials does suggest that only patients with an
ER-positive PBC have a significant reduction in the risk of
CBC when treated with tamoxifen (R. Peto, personal com-
munication). However, even in this overview of all the
studies, there are relatively few events. In the group with
ER-positive or ER-unknown PBCs, there were 172 of 5,137
CBCs with tamoxifen and 260 of 5,092 CBCs without ta-
moxifen. In the ER-negative subset, there were 67 of 2,209
CBCs with tamoxifen and 70 of 2,259 CBCs without tamox-
ifen. Two large trials prospectively addressed the value of
tamoxifen in patients with ER-negative tumors.2,3 Prelimi-
nary results presented in abstract form only from one of
these trials showed that, among tamoxifen-treated patients,
the subgroup of women with ER-negative tumors had no
improvement in disease-free survival and no apparent re-
duction in the risk of CBC. In the ER-positive cohort, there
were 34 CBCs without tamoxifen and 11 CBCs with tamox-
ifen; and in the ER-negative cohort, there were 17 CBCs
without tamoxifen and 20 CBCs with tamoxifen.3 The re-
sults of the other trial, NSABP B-23, also suggest
that women with ER-negative tumors do not benefit from
tamoxifen in terms of either disease-free survival or the
development of a CBC. Only ER-negative patients were
included in this study, and 19 CBCs occurred in patients not
treated with tamoxifen, and 18 CBCs occurred in patients
administered tamoxifen.2 Thus, although the reduction in
the incidence of CBC observed in women taking tamoxifen
seems to be restricted only to the subset of patients whose
initial breast cancer is ER positive, the available data are
limited and may not be able to exclude a benefit in the
ER-negative subset.

Other studies have addressed the relationship between
hormone receptors in PBC and CBC. Coradini et al18 re-
ported an analysis on 399 patients with known ER and PgR
levels in PBC and CBC. In this report, the mean steroid
hormone receptor level did not differ markedly between
PBC and CBC. This observation was true especially in syn-
chronous tumors, and the author concluded that PBC and
CBC, although independent, tend to be characterized by a
similar receptor profile. Unfortunately, none of the analyses
in study by Coradini et al18 were performed in patients not
receiving endocrine therapy. Thus, the comparison with
our study in this subgroup is not possible. In the tamoxifen-
treated population of patients, however, they observed
lower ER levels in CBCs compared with PBCs, which is
consistent with our data that also demonstrated a higher
proportion of ER-negative CBCs in this group.

Our data do not support a correlation between the time
interval between the diagnoses and the discordance or con-
cordance rate of hormone receptor status on PBC and CBC.
No association between the hormone receptor status of
the PBC and CBC was found in synchronous breast can-
cers when we analyzed these tumors separately from the

Table 6. Association Between PBC Characteristics and PgR Positivity of
the CBC

Variable OR 95% CI P

Endocrine treatment, n � 154
Tam 0.47 0.21 to 1.0 .057

ER status, n � 154�

ER positivity 1.11 0.46 to 2.65 .814
Age at CBC, n � 154�

Older age 1.01 0.99 to 1.04 .321
S-phase fraction, n � 82�

High S-phase fraction 0.55 0.32 to 0.95 .032
PgR status, n � 145�

PgR positivity 0.99 0.49 to 1.99 .979
DNA ploidy, n � 95�

Aneuploidy 0.61 0.26 to 1.39 .238
Positive lymph nodes, n � 147�

� 1 0.78 0.33 to 1.85 .575
Tumor size, n � 154�

� 2 cm 0.93 0.56 to 1.54 .771

Abbreviations: PBC, primary breast cancer; CBC, contralateral breast
cancer; ER, estrogen receptor; PgR, progesterone receptor; OR, odds
ratio; Tam, tamoxifen.

�Adjusted for treatment group (tamoxifen-treated v not treated).
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metachronous tumors (data not shown), although the
number of patients in this subgroup (n � 6) was small.

A recent NSABP analysis19 evaluated the ER status of
PBC and CBC in patients included in several NSABP studies
(B-18, B-22, and B-25).20-22 Tamoxifen therapy in these stud-
ies was administered based on the patient’s age rather than ER
status. Women older than 50 years received tamoxifen, regard-
less of ER and PgR status; whereas younger patients did not
receive tamoxifen. Results from this study showed that, among
the young patients not treated with tamoxifen, the hormone
receptor status of the CBC correlated with the status of the
PBC.19 According to this study, women whose PBCs were ER
negative were more likely to develop an ER-negative CBC,
providing a potential reason why tamoxifen is not effective in
reducing the incidence of CBC in this subset. However, the
NSABP studies B-18, B-22, and B-25 were designed to test the
effectiveness of high and standard doses of chemotherapy in
breast cancer patients at a high risk of relapse. The untreated
women included in the reported analyses were mostly pre-
menopausal (patients 49 years old or less), and they had all
been treated with intensive chemotherapeutic regimens that
were likely to induce ovarian ablation in the majority. There-
fore, although the patients in these trials were not administered
tamoxifen, the chemotherapy-induced ovarian ablation
through its similar antiestrogenic effects could suppress the
development of ER-positive tumors just like treatment with
tamoxifen. In addition, women younger than 49 years of age
who develop an aggressive breast cancer are more likely to be
carriers of a hereditary genetic mutation or susceptibility gene,
such as BRCA1, that is associated with the development of
ER-negative breast cancer.23,24 In the present study, to avoid
these confounding factors for premenopausal patients, we in-
cluded only the subsets of totally untreated patients (endocrine
or chemotherapy) and tamoxifen-treated patients in the logis-
tic regression models.

Not surprisingly, adjuvant tamoxifen therapy in the
present study significantly impacted the hormone receptor
status of the CBC. Indeed, we found a statistically significantly
greater proportion of ER-negative CBCs in tamoxifen-treated
patients than in patients without tamoxifen treatment. This
finding is consistent with the concept that tamoxifen therapy
selectively inhibits the growth of tumor cells expressing ER.
Several other studies have previously reported that CBCs
evolving in patients receiving adjuvant tamoxifen are more
frequently ER negative than the respective PBCs or CBCs
evolving in untreated patients.25-27 However, we have previ-
ously shown that measuring ER by ligand-binding assay dur-
ing tamoxifen therapy or within 2 months after its
discontinuation results in a high rate of false-negative ER as-
says caused by receptor occupancy by the drug.12 In our study,

the exact date of stopping tamoxifen therapy was not uni-
formly recorded for all patients, and therefore, it is not possible
to estimate the false ER-negative rate in CBCs. However,
because the majority of CBCs in the treated patients oc-
curred within the 5 years after the PBC diagnosis, we cannot
exclude the possibility that some of the ER-negative CBCs
are falsely negative as a result of the presence tamoxifen.
Many of the preceding studies in which patients received
tamoxifen have this same concern. Studies using an immu-
nohistochemical antireceptor antibody method for mea-
suring ER that can detect ligand-occupied receptors are
necessary to address this question.

Interestingly, many patients develop an ER-positive CBC
despite receiving adjuvant tamoxifen.25,27,28 Thus, the emer-
gence of ER-negative breast cancer is only one mechanism of
tumor escape of CBCs evolving in tamoxifen-treated patients,
and alternative mechanisms, such as altered ER coactivator or
corepressor expression and cross talk between growth factor
and ER pathways,29,30 may be equally relevant.

High S-phase fraction is a marker of more aggressive
tumor behavior,31 and it has been associated with tumor ER
negativity in several studies.32-34 Interestingly, our study
also found that the S-phase fraction of the PBC was associ-
ated with the ER status of not only the PBC, but also the
CBC. However, the association between S-phase fraction
and ER status of the CBC was not strong, and because the
analyses included only half of the patients enrolled onto the
study, it could have been a result of the play of chance given
the multiple analyses performed. Future studies are needed
to confirm or reject this finding and to clarify the biologic
phenomena underlying it.

In conclusion, data from the present study indicate that
the hormonal receptor status of the CBC is independent of
the receptor status of the PBC in patients who have not
received adjuvant tamoxifen therapy. Further studies are
needed to confirm these findings. To date, evidence, al-
though not definitive, suggests that patients with ER-
negative PBCs may not experience a risk reduction in CBCs
when treated with tamoxifen. The explanation for this ob-
servation, if true, remains unclear, but our data do not
support the idea that CBCs occurring in patients with ER-
negative PBCs are more likely to be ER negative.
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