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A B S T R A C T

Purpose
Several mechanisms have been proposed to explain tamoxifen resistance of estrogen receptor
(ER) –positive tumors, but a clinically useful explanation for such resistance has not been
described. Because the ER is the treatment target for tamoxifen, a linear association between ER
expression levels and the degree of benefit from tamoxifen might be expected. However, such an
association has never been demonstrated with conventional clinical ER assays, and the ER is
currently used clinically as a dichotomous marker. We used gene expression profiling and ER
protein assays to help elucidate molecular mechanism(s) responsible for tamoxifen resistance in
breast tumors.

Patients and Methods
We performed gene expression profiling of paraffin-embedded tumors from National Surgical
Adjuvant Breast and Bowel Project (NSABP) trials that tested the worth of tamoxifen as an
adjuvant systemic therapy (B-14) and as a preventive agent (P-1). This was a retrospective subset
analysis based on available materials.

Results
In B-14, ESR1 was the strongest linear predictor of tamoxifen benefit among 16 genes examined,
including PGR and ERBB2. On the basis of these data, we hypothesized that, in the P-1 trial, a
lower level of ESR1 mRNA in the tamoxifen arm was the main difference between the two study
arms. Only ESR1 was downregulated by more than two-fold in ER-positive cancer events in the
tamoxifen arm (P � .001). Tamoxifen did not prevent ER-positive tumors with low levels of
ESR1 expression.

Conclusion
These data suggest that low-level expression of ESR1 is a determinant of tamoxifen resistance
in ER-positive breast cancer. Strategies should be developed to identify, treat, and prevent
such tumors.

J Clin Oncol 29. © 2011 by American Society of Clinical Oncology

INTRODUCTION

The antiestrogen tamoxifen is a commonly used
treatment for patients with estrogen-receptor (ER) –
positive breast cancer. As adjuvant therapy in
patients with ER-positive early breast cancer, ta-
moxifen improves overall survival1and reduces risk
for development of hormone-dependent breast can-
cer in women at increased risk for developing breast
cancer.2 Unfortunately, some patients who receive
adjuvant tamoxifen eventually experience relapse
and die as a result of the disease1; in the National
Surgical Adjuvant Breast and Bowel Project (NSABP)

prevention trial (P-1), 30% of ER-positive tumors
were not prevented by tamoxifen.2

The mechanisms of de novo and acquired re-
sistance to tamoxifen in ER-positive breast cancer
are not clear and have been the subject of studies by
many investigators.3 From a biologic viewpoint, the
amount of ER should be predictive of the degree of
benefit from tamoxifen, which targets the receptor.
However, there has been no clear demonstration of
this relationship.4 Instead, only a threshold effect has
been demonstrated, in that patients diagnosed with
ER-negative breast cancer (defined by � 10 fmol/g
protein by ligand binding assay [LBA]) did not gain
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significant benefit from adjuvant tamoxifen.5-7 Such observations
have led to hypotheses that mutations of the ER gene (ESR1) or
changes in molecules other than ER are responsible for tamoxifen
resistance.3 However, studies exploring these possibilities have
not led to the development of clinically useful predictors of
tamoxifen resistance.3

Here, we provide evidence from retrospective gene expression
analyses of available tumor blocks collected from two pivotal trials
conducted by the NSABP that a determinant of tamoxifen resistance
in both adjuvant treatment and prevention settings is a low level of
ESR1 mRNA. ESR1 expression level is the strongest linear predictor of
benefit from tamoxifen among 16 genes from the 21-gene recurrence
score assay8 using tumor samples from NSABP trial B-14,9 which
tested the worth of adjuvant tamoxifen in the treatment of ER-
positive, node-negative breast cancer. In the P-1 prevention trial2

tamoxifen failed to prevent 30% of ER-positive breast cancer. We
hypothesized that the ER-positive breast cancer that developed in
women on the tamoxifen arm, which by definition is tamoxifen resis-
tant, would have lower levels of ESR1 mRNA than would those from
women in the placebo arm. Data from microarray gene expression
analyses of cancer events from P-1 supported this hypothesis.

PATIENTS AND METHODS

Human investigations were performed after approval by a local hu-
man investigations committee and were in accordance with an assur-
ance filed with and approved by the Department of Health and
Human Services. This is a retrospective subset analysis that is based on
available materials. A CONSORT diagram for the B-14 and P-1 trials is
shown in Figure 1.

Patients

Paraffin blocks containing sufficient invasive breast cancer for
RNA extraction were available from 645 of the 2,817 randomly as-
signed patients in the NSABP B-14 study (n � 355 from the placebo
arm and n � 290 from the tamoxifen arm).10 ER and progesterone
receptor (PR) proteins were measured by ligand binding at the time of

enrollment. Ten fmol/mg protein was the ligand binding cutoff point
for ER positivity. The proportion of patients who did not have distant
recurrence at 10 years after surgery was 75.4% (95% CI, 70.7% to
80.1%) for the placebo arm, and it was 83.6% (95% CI, 79.2% to
88.1%) for the tamoxifen arm of the study subset.

Of 13,388 women who participated in the P-1 trial, 264 experi-
enced invasive breast cancer events (n � 175 in the placebo arm and
n � 89 in the tamoxifen arm) before the trial results were reported and
treatment was unblinded.2 Paraffin blocks with sufficient invasive
tumor tissue were available from 108 (n � 69 from the placebo arm
and n � 39 from the tamoxifen arm). Central ER immunohistochem-
istry (IHC) identified 84 of these as ER positive (n � 57 from the
placebo arm and n � 27 from the tamoxifen arm).

Histopathology and Other Markers

From hematoxylin and eosin–stained whole-tissue sections, his-
tologic subtype and tumor grade (modified Bloom-Richardson grad-
ing criteria) were assessed centrally (by F.L.B. for B-14 and by O.L.B.
for P-1). ER IHC was performed with the PharmDx kit (Dako,
Carpinteria, CA), and Allred scores were determined. Amplification
of HER2 and MYC were examined by fluorescence in situ hybridiza-
tion with commercial probes (Vysis, Downers Grove, IL).

Gene Expression Profiling for B-14

Gene expression profiling for B-14 specimens was performed by
Genomic Health and was blinded to clinical outcome data by using the
previously described OncotypeDX (Genomic Health, Redwood City,
CA) assay.8 In brief, the expression levels of 16 cancer-related genes
comprising the recurrence score were measured in triplicate with
TaqMan real-time quantitative reverse transcription polymerase
chain reaction (RT-PCR) and were normalized relative to five refer-
ence genes. Normalized expression levels ranged from 0 to 15 units, for
which each 1-unit increase reflected a two-fold increase in mRNA.
The recurrence score was calculated on a scale from 0 to 100 and was
derived from the reference-normalized expression measurements for
the 16 cancer-related genes.

Women with invasive
breast cancer

(n = 264)

With tumor blocks and
sufficient invasive

tumor tissue
(n = 108)*

NSABP P-1
randomly assigned

(n = 13,388)

NSABP B-14
randomly assigned

(n = 2,892)

Clinically eligible
with follow-up

(n = 2,817)

With tumor blocks and
successful RT-PCR

(n = 645)*

Ineligible or no
follow-up
(n = 75)

No block or
successful RT-PCR

(n = 2,172)

No invasive
breast cancer
(n = 13,124)

No sufficient
tissue

(n = 156)

Placebo arm
(n = 355)

Tamoxifen arm
(n = 290)

Placebo arm
(n = 69)

Tamoxifen arm
(n = 39)

Fig 1. CONSORT diagram. NSABP, National
Surgical Adjuvant Breast and Bowel Project;
RT-PCR, reverse transcriptase polymerase
chain reaction. (*) Included in analysis.
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Gene Expression Profiling for P-1

Microarray gene expression profiling of blocks from P-1 was
achieved by using an in-house–developed protocol (Data Supple-
ment). Hybridization intensity data were compiled by using the Partek
Genomics Suite (Partek, St Louis, MO). After quantile normalization,
genes with a mean intensity less than 500 were filtered out, and 7,734
probes with informative data remained. Data were log2 transformed
for statistical analyses. Raw microarray data files and anonymized
clinical data have been deposited to Gene Expression Omnibus
(GSE 12,665).

Statistical Analyses

In the B-14 retrospective study, the primary end point was distant
recurrence–free interval. Contralateral disease, other second primary
cancers, and deaths before distant recurrence were considered censor-
ing events. Ipsilateral breast recurrence, local chest wall recurrence,

and regional recurrences were not considered either as events or as
censoring events. Cox proportional hazards models were utilized
to determine if clinical or gene expression variables were predictive
of tamoxifen response. This was accomplished by using the likeli-
hood ratio test to evaluate the statistical significance of the interac-
tion term in a model that included parameters for treatment, the
individual variable, and the interaction between treatment and the
individual variable. A P value less than .05 was considered statisti-
cally significant. Penalized Cox proportional hazards models were
used to test whether log-hazard was a linear function of predictors
or not.11

Statistical analysis for microarray data was performed by using
the Partek Genomics Suite. For P-1, a t test was performed to identify
differentially expressed genes between two phenotypes. Two-sided P
values were reported.

Table 1. Hazard Ratios for Tamoxifen Treatment According to Clinical Variables and the Gene Expression Variables for Distant Recurrence-Free Interval
in NSABP Clinical Trial B-14

Variable Interacting
With Treatment

Evaluable Patients (n � 645) All Patients (N � 2,817)

Hazard Ratio 95% CI Interaction P Hazard Ratio 95% CI Interaction P

Clinical variable
Age � 50 years� 0.440 0.217 to 0.892 .023 0.892 0.631 to 1.261 .518

Tumor size � 2 cm† 1.179 0.600 to 2.316 .633 1.257 0.9 to 1.754 .179
Quantitative ER � 50 0.457 0.232 to 0.899 .024 0.74 0.53 to 1.032 .075
Quantitative PR � 50 0.831 0.425 to 1.625 .588 0.975 0.7 to 1.36 .885
Grade

Poor‡ 1.854 0.639 to 5.380 .123 — —
Moderate‡ 1.074 0.392 to 2.947 — —

Gene expression variable§
Recurrence score� 1.967 0.978 to 3.958 .06 — —
ER gene group 0.757 0.619 to 0.926 .008 — —

ESR1 0.744 0.630 to 0.878 � .001 — —
SCUBE2 0.806 0.695 to 0.934 .004 — —
PGR 0.965 0.832 to 1.120 .643 — —
BCL2 0.770 0.579 to 1.023 .074 — —

Proliferation gene group 1.075 0.747 to 1.546 .698 — —
MKI67 1.224 0.884 to 1.696 .224 — —
SURV 1.053 0.813 to 1.365 .693 — —
STK15 0.912 0.622 to 1.336 .636 — —
CCNB1 0.857 0.587 to 1.253 .428 — —
MYBL2 1.138 0.890 to 1.455 .303 — —

Invasion gene group 0.927 0.621 to 1.386 .712 — —
MMP11 0.886 0.693 to 1.132 .334 — —
CTSL2 1.102 0.823 to 1.477 .515 — —

HER2 gene group 1.046 0.777 to 1.408 .768 — —
HER2 0.942 0.677 to 1.310 .721 — —
GRB7 1.052 0.788 to 1.404 .732 — —

Nongrouped genes
GSTM1 0.901 0.722 to 1.125 .359 — —
BAG1 0.786 0.511 to 1.208 .272 — —
CD68 0.939 0.585 to 1.506 .791 — —

NOTE. Results are from univariate analyses with no adjustment of P values for multiple comparisons. P values are based on likelihood ratio tests.
Abbreviations: NSABP, National Surgical Adjuvant Breast and Bowel Project; ER, estrogen receptor; PR, progesterone receptor.
�Age at surgery categorized as a binary factor: 0, age at surgery � 50 years; 1, age at surgery � 50 years.
†Clinical tumor size categorized as a binary factor: 0, size � 2 cm; 1, size � 2 cm.
‡Grade was categorized as binary variables; poorly differentiated compared with well differentiated and moderately differentiated compared with

well differentiated.
§Individual genes and gene groups listed, unless otherwise specified, were used as a continuous variable, with hazard ratio for the interaction relative to a one-unit

increment in gene expression.
�Recurrence score used as a continuous variable, with hazard ratio for the interaction relative to an increment of 50 units.

ESR1 mRNA Expression and Benefit From Tamoxifen
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RESULTS

Assessment to Determine Predictive Markers of

Tamoxifen Benefit in NSABP B-14

The B-14 study subset was similar to all eligible randomly as-
signed patients in the B-14 (Data Supplement). The results from the
assessment to determine markers of tamoxifen benefit in B-14 are
listed in Table 1. Among clinical variables, ER by the LBA (� 50
fmol/mg v � 50 fmol/mg) and patient age (� 50 years v � 50 years)
showed a significant interaction with tamoxifen treatment (interac-
tion P � .024 and 0.023, respectively). The interaction P value for ER
by LBA for the parent B-14 study cohort approached, but did not
achieve, statistical significance (P � .075). By gene expression, the
quantitative assessment of two genes, ESR1 (P � .001) and SCUBE2
(P � .004), and the ER group (P � .008) showed a highly significant
interaction with tamoxifen treatment, and higher gene expression was
associated with greater degree of benefit from tamoxifen. Even after
adjusting for the interaction between treatment and age, ESR1
(P � .005) and SCUBE1 (P � .009) still had significant interactions
with treatment. Notably, PGR or HER2 were not predictive. The
21-gene recurrence score showed a trend for interaction (P � .06) in
which high-risk patients derived little benefit from tamoxifen. Kaplan-
Meier estimates of placebo- and tamoxifen-treated patients according to
tertiles of ESR1 mRNA expression showed increased benefit of tamox-
ifen treatment with increasing levels of ESR1 expression (Fig 2).

The reason for the different strength of interaction observed
between two measures of ER (LBA v RT-PCR) was investigated by
examining the linearity of the relationship between distant recurrence
and the quantitative level of ER as continuous measures by these
assays. The relative risk reduction by tamoxifen (the differential be-
tween two curves in Fig 3A) increases with increasing ESR1 mRNA
expression. A formal statistical test for nonlinearity of the relationship
between the log-hazard of tamoxifen-treated patients and ESR1 mRNA
expression was not significant (P � .457), which confirmed the linear
nature of the association (Fig 3B). On the basis of data from the 2,817
randomly assigned patients on B-14, ER protein by LBA was neither a
significant prognostic factor for tamoxifen-treated patients (P � .1)
nor a significant predictor of treatment effect (P � .14; Fig 3C).

In a subset of 177 of the 290 tamoxifen-treated patients, the ER
protein expression level of tumors was measured by using quantitative
image analysis after staining with a US Food and Drug Administration–
approved ER immunostaining kit (PharmDx; Dako). ER by IHC was
strongly associated with distant recurrence (P � .004); its relationship
with distant recurrence–free interval tended to be volatile, though the
test for nonlinearity was not significant (P � .129; Fig 3D). When data
were combined from 115 tamoxifen-registered patients on B-14, the
nonlinearity was significant (P � .008; Data Supplement). These data
suggest that a low level of ESR1 mRNA expression is an important
determinant of tamoxifen resistance in ER-positive breast cancer.

Microarray Gene Expression Profiling of P-1 Breast

Cancer Events

It would be of great interest to confirm in another data set the
observation that low ESR1 mRNA is associated with tamoxifen resis-
tance. However, to our knowledge, no other clinical trial cohort of
randomly assigned patients with an annotated tissue bank available
exists to directly confirm these findings. Therefore, we examined the
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Fig 2. Quantitative estrogen receptor expression by reverse transcriptase
polymerase chain reaction and distant recurrence at 10 years. Each Kaplan-Meier
plot represents tamoxifen and placebo arms of patients diagnosed with tumors
that express (A) low, (B) middle, and (C) high tertile levels of ESR1 mRNA. HR,
hazard ratio.
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whole genome expression profiles of all available tumor blocks with
sufficient material from the NSABP P-1 trial that tested the worth of
tamoxifen in prevention of breast cancer in women at high risk.

In the P-1 trial, 70% of the expected ER-positive tumors were
prevented by tamoxifen. The 30% that developed on tamoxifen were
functionally resistant to tamoxifen.2 Analysis of data in all available
blocks from P-1 also showed a decrease in the percentage of ER-
positive tumors that arose in the tamoxifen arm compared with the
placebo arm, albeit this decrease was somewhat smaller than that seen
in the entire cohort (Table 2). In the placebo arm, 57 tumors (82.6%)
were ER positive, and 12 were ER negative (17.4%); in the tamoxifen
arm, 27 (69.2%) were ER positive, and 12 (30.8%) were ER negative.

As seen in B-14, ER-positive breast cancers from the tamoxifen arm of
P-1 (which by definition were tamoxifen-resistant) had lower levels of
ESR1 mRNA.

We first tested this by examining ER IHC results with the semi-
quantitative score as described by Harvey et al.12 A comparison by
treatment group of the distribution of this variable is listed in Table 2.
ER protein expression was lower in ER-positive tumors in the tamox-
ifen arm than in the placebo arm (P � .001; Fig 4B). We also per-
formed global gene expression profiling, because B-14 demonstrated
that ESR1 mRNA is a better quantitative measure of ER level than IHC
or LBA, and we wanted to determine if other genes might contribute to
tamoxifen resistance.
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Fig 3. RNA and protein measurement of estrogen receptor (ER) and clinical outcome. (A) Rate of distant recurrence at 10 years as a function of quantitative ER by reverse
transcriptase polymerase chain reaction (RT-PCR) in the placebo (blue line) and tamoxifen (gold line) groups. Solid lines are estimates, and dashed lines are 95% confidence
bands. (B) Log-hazard ratio against the mean versus ESR1 mRNA on the basis of 290 patients randomly assigned to tamoxifen. Dashed lines are 95% confidence bands. (C)
Log-hazard ratio against the mean versus ER by ligand binding assay (LBA) on the basis of 1,345 patients randomly assigned to tamoxifen, with ER by LBA less than 450 fmol/mg.
(D) Log-hazard ratio against the mean versus ER by immunohistochemistry (IHC) on the basis of 177 patients randomly assigned to tamoxifen. DRFI, distant recurrence–free interval.
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When differences between the ER-positive tumors that devel-
oped in the placebo arm were compared with those in the tamoxifen
arm by microarray, the only differentially expressed gene with a fold
difference greater than a two was ESR1, which was significantly under-
expressed in the tumors from the tamoxifen arm (Data Supplement).
The mean log2 intensity of ESR1 was 9.89 for the placebo arm, and it
was 8.59 for the tamoxifen arm, with a 1.30 log2-fold (or 2.47-fold)
difference. This is best demonstrated with a volcano plot (Fig 4A), with
log(fold difference) in the x-axis and log(P value) from the t test in the y-axis
for all genes examined. ESR1 and GFRA1 are distinctly separated from
other genes in this plot (Fig 4A). The GFRA1 gene was differentially
expressed by 1.79-fold13 (Data Supplement). Because the volcano plot
does not provide insight into the distribution of occurrences for a
single gene within each cohort, a scattergram of the ESR1 mRNA
expression level of individual occurrences categorized by treatment
arm was constructed. Visual inspection of the plot shows that tamox-
ifen was less effective in preventing tumors with low expression of
ESR1 mRNA (Fig 4B).

There are other genes that were differentially expressed in the
ER-positive tumors that occurred in the tamoxifen arm, but the de-
gree of difference was not as marked as it was for ESR1 or GFRA1. It is

possible that some of these are false-positive findings. These genes are
listed in the Data Supplement.

DISCUSSION

This study represents a retrospective subset analysis of available tissues
from two prominent and different clinical trials: NSABP B-14, a treat-
ment trial to test the benefit of adjuvant tamoxifen, and NSABP P-1, a
prevention trial to test the ability of tamoxifen in preventing breast
cancers. Data from the B-14 trial showed that both ER protein and
ESR1 RNA levels had a highly significant interaction with tamoxifen
and that the maximum benefit from tamoxifen was achieved in the
highest tertile of ESR1 mRNA expression levels.

Data from the P-1 trial validated this relationship between ER
and tamoxifen. ER protein and ESR1 RNA levels and whole-
transcriptome expression analysis of P-1 tumors confirmed the obser-
vation that low levels of ER were associated with tamoxifen resistance.
ER protein expression was lower in ER-positive tumors that arose in
the tamoxifen arm than those in the placebo arm (P � .001). ESR1
expression was underexpressed by 2.5-fold in tumors that arose in the
tamoxifen arm compared with tumors that arose in the placebo arm
(P � .0005). Expression profiling of the entire human genome (more
than 44,000 probes on Agilent arrays) identified ESR1 as the most
significantly differentially expressed gene between the placebo and
tamoxifen treated tumors. These two different trials with both protein
and RNA analyses both indicated that low ER levels were associated
with the tamoxifen resistance.

The limitations of subset analysis have been detailed elsewhere
and are always a concern in interpretation of data. However, the
confirmation of B-14 results by P-1 results supports the conclusion
that low levels of ER are at least in part responsible for tamoxifen
resistance in breast cancer.

ER is used as a dichotomous variable in clinical decision making.
This practice has been appropriate, because the examination of B-14
data never demonstrated a statistically significant interaction between
ER protein levels (measured by LBA) and the degree of benefit from
tamoxifen,4 and because the current generation of IHC assays is essen-
tially bimodal in distribution as a result of saturation of the assay at
relatively low levels of ER expression.14 However, examination of the
NSABP B-14 trial with a quantitative assay method using On-
cotypeDX demonstrated a clear linear relationship between ESR1
mRNA and the degree of benefit from tamoxifen; patients with lower
levels of ESR1 mRNA did not gain significant benefit from adjuvant
tamoxifen, even though their tumors were classified as ER positive by
the dichotomous clinical definition.9

This finding has important implications, because it suggests that
lower expression levels of ESR1 mRNA may be one of the mechanisms
responsible for tamoxifen resistance. Cancer events from the P-1 trial
provided a unique cohort in which to test this hypothesis developed
from B-14, because ER-positive tumors arising in the tamoxifen arm
are, by definition, tamoxifen resistant. Microarray gene expression
profiling was used to examine differentially expressed genes between
the ER-positive tumors that arose in the tamoxifen arm compared
with the placebo arm, and an a priori hypothesis stated that ESR1
would be the major differentially expressed gene. The result is in
agreement with that hypothesis. The only gene that was significantly
differentially expressed between the two cohorts by more than two-
fold was ESR1 (2.47-fold). Another gene, GFRA1, which is associated

Table 2. Distribution of Invasive Cancer Cases From the Breast
Cancer Prevention Trial, NSABP P-1, by Treatment Group and

Tumor Characteristics

Tumor
Characteristic

All Cases ER Positive Only

Placebo Tamoxifen Placebo Tamoxifen

No. % No. % No. % No. %

ER IHC
Negative 12 17.4 12 30.8
Positive 57 82.6 27 69.2

ER IHC Allred score
0 9 13.0 11 28.2
1 1 1.4 0 0.0
2 2 2.9 1 2.6
3 2 2.9 2 5.1 2 3.5 2 7.4
4 3 4.3 5 12.8 3 5.3 5 18.5
5 1 1.4 6 15.4 1 1.8 6 22.2
6 16 23.2 5 12.8 16 28.1 5 18.5
7 12 17.4 6 15.4 12 21.1 6 22.2
8 23 33.3 3 7.7 23 40.4 3 11.1

HER2 status
Negative 58 84.1 34 87.2 51 89.5 24 88.9
Positive 11 15.9 5 12.8 6 10.5 3 11.1

Histologic grade
1 18 26.1 9 23.1 17 29.8 7 25.9
2 30 43.5 17 43.6 27 47.4 13 48.1
3 21 30.4 13 33.3 13 22.8 7 25.9

Histologic type
Ductal 64 92.8 33 84.6 52 91.2 22 81.5
Lobular 5 7.2 6 15.4 5 8.8 5 18.5

cMYC amplification�

Negative 66 95.6 38 97.4 54 94.7 26 96.3
Positive 2 2.9 1 2.6 2 3.5 1 3.7

Total 69 100.0 39 100.0 57 100.0 27 100.0

Abbreviations: NSABP, National Surgical Adjuvant Breast and Bowel Project;
ER, estrogen receptor; IHC, immunohistochemistry.

�One case in the placebo group is unknown.
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with the ER-positive phenotype, was also distinctly differentially ex-
pressed, although only by 1.79 fold.13 Tamoxifen was more effective in
preventing ER-positive tumors with higher levels of ESR1 mRNA but
was not effective in preventing those with lower levels. The absence of
other significant differentially expressed genes suggests that low ESR1
mRNA levels are associated with tamoxifen resistance in many of these
tumors, but other mechanisms are possible.

Because tamoxifen primarily prevented tumors with high ESR1
mRNA, an interpretation could be made that breast cancer chemopre-
vention with tamoxifen is clinically meaningless, because it only pre-
vents tumors with good prognoses. However, ESR1 itself was not
prognostic in untreated patients (Data Supplement), and there was
only modest correlation between ESR1 and the 21-gene recurrence
score in such a way that even high ESR1 tumors can have a high
recurrence scores (Data Supplement).15 Therefore, one could have a
tumor high in ESR1 and still have a poor prognosis. Furthermore,
prevention of even good-prognosis breast cancer is a desirable and
meaningful outcome.

Because tamoxifen is less effective in preventing the occurrence
and relapse of ER-positive tumors with low levels of ESR1 expression,
it is important to develop strategies to treat and prevent such tumors.
A report by the Trans-ATAC (ie, Arimidex, tamoxifen, alone or in
combination trial) investigators16 provided an important perspective
on this question. In that study, benefit from anastrazole was indepen-
dent of the quantile levels of ER measured by IHC or ESR1 mRNA.
Therefore, it is possible that aromatase inhibitors could be better
preventive agents than tamoxifen by inhibiting the occurrence of even
low-ER tumors.

HER2 has been implicated as an instigator of tamoxifen resis-
tance in some studies.17-19 However, in our two study cohorts, HER2
gene amplification or expression levels did not directly predict tamox-
ifen resistance; as reported previously,20 there were generally fewer
instances of high ESR1 expression among the HER2-amplified tumors
in B-14 (data not shown).

In summary, these data suggest that the low-level expression of
ESR1 is associated with tamoxifen resistance in ER-positive breast

cancer. Strategies should be developed to identify, treat, and prevent
such tumors.
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Fig 4. Results of microarray gene expres-
sion analysis of National Surgical Adjuvant
Breast and Bowel Project (NSABP) Breast
Cancer Prevention Trial (P-1) estrogen recep-
tor (ER) –positive cancer events. (A) Volcano
plot of the results of t test for differences of
expression levels of all filtered genes
(N � 7,743) from Agilent array (Agilent Tech-
nologies, Santa Clara, CA) between ER-
positive invasive cancer events that occurred
initially in the tamoxifen versus the placebo
arm from NSABP P-1 (N � 84). The x axis
represents log (fold difference between two
phenotypes); the y axis represents log
(P value). Each spot represents a gene. Loca-
tions of the ER gene probe (ie, ESR1) and of
GRFA1 are noted. (B) Scattergram of normal-
ized ESR1 mRNA levels of ER-positive inva-
sive breast cancer events from the NSABP
P-1 according to treatment assignment (N �
84). Note the absence of tumors with high
levels of ESR1 mRNA in the tamoxifen arm.
Horizontal bars represent mean with standard
errors. P value for the difference was less than
.001. Data are plotted in a natural scale to
better demonstrate the differences in higher
expression level data range.
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