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Abstract

Background: GATA-3 is a transcription factor involved
in human growth and differentiation. Gene expression
profiling has shown that GATA-3 is highly expressed
in the Luminal A subtype of breast cancer. A recent
study found GATA-3 to be associated with favorable
breast cancer pathologic features, including negative
lymph node and positive estrogen receptor (ER) status.
GATA-3 levels were also found to be an independent
prognostic marker, with low expression predicting for
breast cancer recurrence.
Materials and Methods: Our case series consists of 3,119
cases of invasive breast cancer in which GATA-3
expression was assessed by immunohistochemistry on
tissue microarrays. We considered >5% nuclear staining
to be a positive result for GATA-3.
Results: Thirty-two percent of cases were GATA-3
positive. GATA-3 is almost exclusively expressed in
ER+ patients and is also associated with lower tumor

grade, older age at diagnosis, and the absence of
Her2 overexpression. In univariate analysis, the
presence of GATA-3 is a marker of good prognosis
and predicted for superior breast cancer–specific
survival, relapse-free survival, and overall survival.
However, in multivariate models including patient
age, tumor size, histologic grade, nodal status, ER
status, and Her2 status, GATA-3 was not indepen-
dently prognostic for these same outcomes. In the
subgroups of ER+ patients treated with or without
tamoxifen, GATA-3 was again nonprognostic for all
outcomes.
Discussion: GATA-3 is a molecular marker that is
highly associated with ER expression, but it does not
seem to have prognostic value independent of ER, nor
does it predict for response to tamoxifen among
ER-positive patients. (Cancer Epidemiol Biomarkers
Prev 2008;17(2):365–73)

Introduction

Estrogen receptor (ER) status in breast cancer is used to
estimate prognosis and to guide systemic treatment. ER
positive status is generally associated with a more
favorable prognosis (1, 2), but more importantly, it is a
predictive marker of response to hormonal therapies such
as tamoxifen and aromatase inhibitors (3, 4). However,
ER-positive tumors represent a large and heterogeneous
subgroup, and treatment decisions are most often based
on clinicopathologic features such as tumor grade and
lymph node status. Novel biomarkers can be used to
further refine prognostic models, and some may be useful
to predict response to adjuvant treatment.
Gene expression profiling studies have shown a

consistent separation of ER-positive tumors into Luminal

A and Luminal B subtypes, with Luminal B tumors
having significantly worse outcome (5-7). In addition,
from studies of tamoxifen in advanced breast cancer, it is
estimated that up to 30% to 50% of ER-positive tumors
are not tamoxifen responsive (8, 9). It would be of great
clinical significance if Luminal subtype and response to
tamoxifen could be determined with inexpensive and
readily available biomarker laboratory tests such as
immunohistochemistry.
The proteins of the GATA family are zinc-finger

transcription factors involved in embryogenesis and
development. GATA-3, in particular, plays a role in
placental development, hematopoiesis, and adipogenesis
(10-12). In breast epithelial cells, it has been proposed that
GATA-3 acts to maintain a differentiated state. Aberrant
expression of GATA-3 has been reported in breast cancer
as well as in pancreatic and cervical cancers (12-14).
Studies using both gene expression profiling and

immunohistochemistry have shown that GATA-3 expres-
sion in breast cancer is closely associated with the ER
(6, 15, 16). In another study, GATA-3 gene constructs
were transfected into breast cancer cell lines, and it was
found that many GATA-3–induced genes were also in
the luminal gene cluster (17). In a recent tissue micro-
array–based study [Mehra et al. (16)], GATA-3 protein
was found to have independent prognostic value in a
cohort of 139 breast cancer patients. More specifically,
low expression of GATA-3 predicted for breast cancer
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relapse. They also concluded that low GATA-3 levels
could identify a subgroup of ER-positive tumors with a
greater risk of relapse. This work suggests that GATA-3
may be useful in distinguishing Luminal A and Luminal
B subtype tumors. Herein we attempt to confirm these
findings with the immunohistochemical analysis of
GATA-3 in a much larger cohort of breast cancer patients,
with adjuvant treatment data and long follow-up.

Materials and Methods

Study Population. Our original study cohort consisted
of 4,444 breast cancer patients diagnosed between January
1986 and September 1992. This represents 34% of all

patients diagnosed with breast cancer in the province of
British Columbia during this time period. This large, well-
characterized cohort was derived from a consecutive
series of patients who were referred to the BC Cancer
Agency for consultation and had tumor samples sent to a
central laboratory at the Vancouver General Hospital for
ER testing. For all of these patients, we have available
detailed demographic and outcome data as well as
formalin-fixed paraffin-embedded primary tumor sam-
ples for immunohistochemical analysis. Patients with
in situ disease, recurrent disease, metastatic disease at
presentation, and male breast cancer were excluded from
analysis. Available clinical information includes age,
histology, tumor grade, tumor size, lymph node status,
type of local and adjuvant systemic therapy, and dates of
first recurrence and death. A portion of this cohort of
patients was recently used in a population study
validating the on-line breast cancer prognostic calculator
ADJUVANT! Online (18). This studywas approved by the
Clinical Research Ethics Board of the University of British
Columbia and the BC Cancer Agency.

Tissue Microarrays and Immunohistochemistry. The
VancouverHospital EstrogenReceptor laboratory retained
single archival tumor blocks from each case in this patient
cohort. The material had been frozen before neutral
buffered formalin fixation. H&E-stained slides from these
blockswere reviewed by two pathologists to identify areas
of invasive breast cancer. Cores of 0.6 mm were extracted
from the tumor blocks and used to construct a tissue
microarray as previously described (19, 20).
Using a single core per case, 17 tissue microarray

blocks were required to represent the series. Four-
micrometer sections were stained for GATA-3 using the
Ventana Systems Discovery XT automated immunos-
tainer. Slides were deparaffinized and incubated with

Figure 1. GATA-3 immunostaining was scored semiquantita-
tively; tumors with <5% nuclei stained were considered GATA-
3 negative (A), tumors with 5% to 20% nuclei stained were
moderately positive (B), and tumors with >20% nuclei stained
were strongly positive (C).

Table 1. Summary of clinicopathologic variables

Clinicopathologic variables Total (%)

Total 3,119 (100)
Age (y)
<40 234 (7)
40-49 662 (21)
50-65 1,112 (36)
>65 1,111 (36)

Size (cm)
<2 1,586 (51)
2-5 1,359 (44)
>5 149 (5)
Unknown 25 (<1)

Grade
1 or 2 1,341 (43)
3 1,649 (53)
Unknown 129 (4)

Nodal status
Negative 1,741 (56)
Positive 1,369 (44)
Unknown 9 (<1)

ER status
Negative 618 (20)
Positive 2,421 (78)
Unknown 80 (3)

Her2 status
Negative 2,627 (84)
Positive 413 (13)
Unknown 79 (3)
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Table 2. Comparison of univariate hazard ratios using BCSS, RFS, DRFS, and OS for the standard clinicopathologic
variables in this study

Variable Difference in BCSS
at 10 y (%)

Breslow test P Univariate hazard ratio

BCSS
Age (y)
40-49 vs <40 75 vs 62 5.6e�04 0.66
50-65 vs <40 75 vs 62 0.68
>65 vs <40 75 vs 62 0.69

Size (cm)
2-5 vs <2 66 vs 83 8.2e�34 1.94
>5 vs <2 52 vs 83 3.19

Grade
3 vs 1/2 67 vs 83 5.4e�27 1.98

Nodal status
Pos. vs neg. 61 vs 84 3.7e�51 2.69

ER status
Pos. vs neg. 77 vs 63 2.3e�17 0.63

Her2 status
Pos. vs neg. 60 vs 76 1.0e�15 1.76

RFS
Age (y)
40-49 vs <40 62 vs 53 3.4e�05 0.72
50-65 vs <40 64 vs 53 0.68
>65 vs <40 64 vs 53 0.65

Size (cm)
2-5 vs <2 57 vs 70 6.1e�25 1.59
>5 vs <2 42 vs 70 2.53

Grade
3 vs 1/2 56 vs 71 3.1e�23 1.70

Nodal
status
Pos. vs neg. 51 vs 73 5.8e�42 2.19

ER status
Pos. vs neg. 65 vs 56 2.2e�12 0.73

Her2 status
Pos. vs neg. 51 vs 65 6.5e�13 1.56

DRFS
Age (y)
40-49 vs <40 69 vs 57 3.9e�04 0.67
50-65 vs <40 68 vs 57 0.68
>65 vs <40 69 vs 57 0.66

Size (cm)
2-5 vs <2 60 vs 77 2.6e�33 1.90
>5 vs <2 46 vs 77 2.92

Grade
3 vs 1/2 61 vs 77 5.8e�26 1.86

Nodal
status
Pos. vs neg. 53 vs 79 5.8e�58 2.71

ER status
Pos. vs neg. 70 vs 60 3.9e�12 0.70

Her2 status
Pos. vs neg. 55 vs 70 2.0e�24 1.66

OS
Age (y)
40-49 vs <40 73 vs 61 4.9e�29 0.68
50-65 vs <40 68 vs 61 0.94
>65 vs <40 51 vs 61 1.63

Size (cm)
2-5 vs <2 56 vs 71 4.7e�26 1.60
>5 vs <2 46 vs 71 1.98

Grade
3 vs 1/2 56 vs 71 1.1e�19 1.48

Nodal status
Pos. vs neg. 52 vs 71 1.3e�38 1.90

ER status
Pos. vs neg. 64 vs 56 1.2e�7 0.84

Her2 status
Pos. vs neg. 51 vs 64 1.7e�9 1.39
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EDTA buffer (pH 8.0) for antigen retrieval. The slides
were incubated with anti–GATA-3 antibodies for 32 min
(Santa Cruz Biotechnology, Inc.; HG3-31 mouse mono-
clonal antibody, 1:20), and then with secondary antibody
(Ventana universal secondary antibody) for an additional
32 min. Slides were counterstained with hematoxylin,
rinsed with soap solution, and dehydrated through
graded ethanol. The slides were then cleared in xylene
and coverslipped with Cytoseal XYL (Richard-Allan
Scientific). Stained tissue microarray slides were digitally
scanned and linked to a relational database, and the
primary image data are available for public review.4

Scoring of GATA-3 immunostaining was semiquanti-
tative using digital images (Fig. 1). The scoring system
used by Mehra et al. was based on a combination of
percent positive nuclei and staining intensity, but cases
were subsequently binarized into low and high GATA-3
expression. For ease of reproducibility, we limited
interpretation to the percentage of positive nuclei and
applied the scoring system published by van de Rijn et al.
(21). Staining was considered negative (0) if <5% of
nuclei were stained above background, moderate (1+) if
5% to 20% of nuclei were stained, and strong (2+) if >20%
were stained. For statistical analysis, we dichotomized
GATA-3 staining into negative (0) and positive (1+ or
2+). We also excluded cases for which it was not possible
to assign a score to the immunostaining (insufficient
invasive tumor in the core, tissue core cut through, or
tissue disc lost or folded during sectioning).

Statistical Analysis. Statistical analysis was done
using SPSS 14.0. In univariate analysis, relapse-free
survival (RFS), breast cancer–specific survival (BCSS),
distant relapse-free survival (DRFS), and overall sur-
vival (OS) were estimated using Kaplan-Meier curves.
Significant differences in survival were assessed with
Breslow tests. For OS, any death was considered an
event, and patients were censored at the time of last
follow-up. For RFS, an event was defined as any breast
cancer relapse (locoregional or distant), and patients
were censored at the date of death or the date of last
follow-up. For DRFS, only distant relapses were
considered events. For BCSS, an event was defined as
a breast cancer death, and patients were censored at the
time of a non–breast cancer death or at the date of last
follow-up. For all outcomes, survival time was calcu-
lated from the date of surgery to the date of an event or
date that the patient was censored. Six patients with
unknown cause of death were excluded from RFS,
BCSS, and DRFS analysis (but they were included in OS
analysis). Cox proportional hazards models were used
to calculate adjusted hazard ratios accounting for
covariates. Pearson m2 and the Mann-Whitney tests
were used to measure the association of GATA-3 status
with common pathologic variables. All statistical tests
were two sided. The intent of this study was to validate
preexisting hypotheses on GATA-3 using a much larger
cohort of patients; in addition, we carried out relatively
few statistical tests on a large number of patients with
long-term follow-up. Consequently, we did not apply
corrections for multiple comparisons. The P value for
statistical significance in this study is 0.05.

Missing GATA-3 Data. There were a relatively large
proportion of cases with missing GATA-3 data, attribut-
able in part to the practical necessity of using a single
core per case in this very large tissue microarray series.
Variations in the thickness of the source blocks led to cut-
through and loss of some individual cores, and some
were also lost during staining and sectioning. To ensure
accurate scoring, we did not assign a GATA-3 score for
cores containing <50 definite invasive cancer cells. We
did carry out GATA-3 staining on a smaller tissue
microarray (n = 413) with duplicate cores and found 90%
concordance between duplicate cores.
With the exclusions stated previously (in situ disease,

male breast cancer, and patients presenting with recurrent
or metastatic disease), 4,049 patients remained in our
patient cohort. Nine hundred thirty (23%) tissue micro-
array cores were considered uninterpretable for GATA-3.
The size of the cohort with available GATA-3 data was
3,119.
Missing GATA-3 data points were not significantly

associated with age, lymph node status, ER status, or
Her2 status (full analysis available within the online
Supplementary data, Section 1). There was a statistically
significant association between missing GATA-3 data
and grade 1/2 tumors and tumors >5 cm; however, the
absolute differences were small. In the whole patient
cohort, the proportion of cases with missing GATA-3
data was 23%. In grade 1/2 tumors the proportion was
25%, versus 20% in grade 3 tumors (Pearson m2 test,
P = 3.0e�04). The proportion of missing GATA-3 data
was 32% in tumors >5 cm, 20% in tumors 2 to 5 cm, and
24% in tumors <2 cm (Pearson m2 test, P = 3.7 e�05). In

Figure 2. GATA-3–positive versus GATA-3–negative Kaplan-
Meier plots in the whole patient cohort, for the outcomes BCSS
(A), RFS (B), DRFS (C), and OS (D). In the whole patient
cohort, and for all outcomes, the presence of GATA-3 is a
weaker marker of good prognosis. The difference in 10-y BCSS
is 78% versus 72% (P = 9.6e�05; A); 10-y RFS, 65% versus
62% (P = 2.5e�03; B); 10-y DRFS, 71% versus 67% (P =
0.0016; B); and 10-y OS, 65% versus 62% (P = 0.0039; D).

4 http://www.gpecimage.ubc.ca
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consideration of these results, it is reasonable to
conclude that there is a bias in our methods leading to
very large tumors being underrepresented. It is possible
that areas of necrosis observed in large tumors lead to
sampling error during core extraction and tissue micro-
array construction. However, it should be noted that
tumors >5 cm represent only 5.5% of our whole study
population. Although these large tumors are associated
with an inferior prognosis, we found no difference in
survival between patients with missing GATA-3 data
and those with GATA-3 data (BCSS at 10 years, 74%
versus 74%; Breslow test, P = 0.57).

Results

Patient Demographics and Pathologic Data. In our
cohort of 3,119 patients, the mean age at diagnosis was
59 years and the median follow-up for BCSS is 12.6 years
(follow-up is defined as the time of diagnosis to time of
event or last follow-up). The range for follow-up is 1
month to 18.5 years. The median tumor size was 2.5 cm.
Fifty-three percent of patients had grade 3 tumors, 44%
were node positive, and 78% were ER positive (Table 1).
Forty-two percent had breast-conserving surgery and
58% had mastectomy; adjuvant radiation therapy was
given to 55%. Fifty-eight percent received adjuvant
systemic therapy (either chemotherapy or hormonal
therapy). Outcome was last updated June 30, 2004, and
to that date there were a total of 914 (29%) breast cancer
deaths, 1,202 (39%) relapses, 1,043 (33%) distant relapses,
and 1,556 (50%) total deaths.

GATA-3 Immunostaining. Of 3,119 breast cancer
tumors examined with interpretable GATA-3 staining,
2,140 (68%) cases were GATA-3 negative, 646 (21%)
exhibited moderate staining, and 333 (11%) were
strongly positive. Once GATA-3 data were dichoto-
mized, 68% of cases were GATA-3 negative and 32%
GATA-3 positive.

Associations with Known Pathologic Factors. In our
patient cohort, the common clinicopathologic variables
including patient age at diagnosis, tumor size, histologic
grade, nodal status, ER status, and Her2 status were all
statistically significant predictors of BCSS, RFS, DRFS,
and OS (Table 2) on univariate analysis.
There was a strong association between GATA-3

protein expression and positive ERs (Pearson m2 test,
P = 2.1e�67). Seventy-eight percent of this tissue micro-
array consists of ER-positive cases, and among the ER-
positive cases 39% were also GATA-3 positive. In
contrast, among the ER-negative cases, only 2.6% were
GATA-3 positive. Overall, 98% of GATA-3–positive
cases were also ER positive (full cross-tabulations with
numbers and frequencies available in Supplementary
data, Section 2).
There was a linear association between age at

diagnosis and GATA-3 expression (Mann-Whitney test,
P = 3.6e�05), with GATA-3 present in a greater
proportion of older patients. However, the actual
difference was small; the mean age in GATA-3–positive
cases was 60 years, versus 58 years in GATA-
3–negative cases. There was also a linear association
between GATA-3 expression and smaller tumor size
(Mann-Whitney test, P = 0.002). Again, the actual

difference was small. The mean tumor size in GATA-
3–positive cases was 2.3 cm, versus 2.6 cm in GATA-
3–negative cases.
There was a strong association between GATA-

3–positive cases and grade 1/2 tumors (Pearson m2 test,
P = 1.1e�16) and absence of Her2 overexpression
(Pearson m2 test, P = 9.7e�13). We did not find a
significant association between GATA-3 and lymph node
status (Pearson m2 test, P = 0.47).

Univariate Survival Analysis. In this study, we
carried out survival analysis for multiple outcomes;
however, the results from GATA-3 survival analysis
were consistent throughout all outcomes analyzed. In
this patient cohort, the presence of GATA-3 was a
statistically significant marker of good prognosis for all
outcomes including BCSS, RFS, DRFS, and OS (Fig. 2).
The BCSS at 10 years was 78% for GATA-3–positive
cases versus 72% for negative cases (Breslow test, P =
9.6e�05). The difference in 10-year RFS, DRFS, and OS
was 3%, 4%, and 3% respectively. However, within the
ER-positive subgroup, GATA-3 did not have statistically
significant prognostic value for any of these outcomes
(Fig. 3). The BCSS at 10 years was 78% versus 76% (P =
0.26). Our results show a difference in BCSS of +1.9% for
GATA-3–positive cases, with the 95% confidence inter-
val between +5.5% and �1.7%. The difference in 10-year
RFS, DRFS, and OS in the ER-positive subgroup was 1%,
2%, and 1%, respectively.
We also analyzed the prognostic significance of

GATA-3 in the patient subgroup that was ER positive
and did not receive adjuvant tamoxifen and in the
ER-positive subgroup that was treated with tamoxifen

Figure 3. GATA-3–positive versus GATA-3–negative Kaplan-
Meier plots in the ER-positive subgroup, for the outcomes
BCSS (A), RFS (B), DRFS (C), and OS (D). In the ER-positive
subgroup, and for all outcomes, GATA-3 is not a marker of
prognosis. The difference in 10-y BCSS is 78% versus 76% (P
= 0.26; A); 10-y RFS, 65% versus 64% (P = 0.55; B); 10-y
DRFS, 71% versus 69% (P = 0.34; C); and 10-y OS, 65%
versus 64% (P = 0.30; D).
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Table 3. Cox proportional hazard regression analysis for BCSS, RFS, DRFS, and OS

Multivariate hazard ratio

Whole cohort ER positive only ER positive + tamoxifen ER positive � tamoxifen

BCSS
Sample size 3,114 2,416 917 954
Age at diagnosis (y)
40-49 vs <40 0.76 0.72 NA* 1.65

P = 0.035 P = 0.057 P = 0.41
50-65 vs <40 0.84 0.82 NA 2.04

P = 0.16 P = 0.23 P = 0.23
>65 vs <40 0.93 0.88 NA 1.75

P = 0.54 P = 0.44 P = 0.35
Tumor size (cm)
2 < size V5 vs V2 1.60 1.65 1.57 1.65

P = 5.7e�10 P = 1.4e�8 P = 7.1e�4 P = 3.5e�5
>5 vs V2 2.25 3.13 4.58 0.75

P = 2.9e�8 P = 2.1e�12 P = 9.8e�9 P = 0.78
Grade
Grade 3 vs grade 1/2 1.54 1.50 1.52 1.44

P = 2.0e�9 P = 1.8e�6 P = 1.3e�3 P = 0.025
Nodal status
Positive vs negative 2.35 2.35 1.57 5.15

P = 5.6e�31 P = 1.4e�22 P = 1.1e�6 P = 7.0e�10
ER status
Positive vs negative 0.79 NA NA NA

P = 0.011
Her2 status
Positive vs negative 1.36 1.59 1.76 1.80

P = 0.0010 P = 1.7e�4 P = 0.0016 P = 0.023
GATA-3 status
Positive vs negative 1.01 1.03 0.90 1.29

P = 0.90 P = 0.69 P = 0.44 P = 0.12

RFS
Sample size 3,114 2,416 917 954
Age at diagnosis (y)
40-49 vs <40 0.81 0.75 NA* 1.08

P = 0.075 P = 0.055 P = 0.84
50-65 vs <40 0.80 0.73 NA 1.08

P = 0.045 P = 0.029 P = 0.83
>65 vs <40 0.82 0.70 NA 0.89

P = 0.082 P = 0.016 P = 0.74
Tumor size (cm)
2< size V5 vs V2 1.37 1.40 1.49 1.58

P = 1.1e�6 P = 7.1e�6 P = 8.9e�4 P = 5.3e�4
>5 vs V2 1.91 2.34 4.30 1.27

P = 2.3e�7 P = 1.5e�8 P = 3.8e�9 P = 0.68
Grade
Grade 3 vs grade 1/2 1.41 1.38 1.49 1.19

P = 3.4e�7 P = 1.0e�5 P = 4.8e�4 P = 0.17
Nodal status
Positive vs negative 1.97 1.92 2.14 4.35

P = 8.2e�27 P = 2.8e�19 P = 2.2e�8 P = 7.8e�11
ER status
Positive vs negative 0.90 NA NA NA

P = 0.18
Her2 status
Positive vs negative 1.31 1.40 1.69 1.33

P = 0.0016 P = 2.5e�3 P = 0.0015 P = 0.20
GATA-3 status
Positive vs negative 1.01 1.04 0.97 1.09

P = 0.85 P = 0.63 P = 0.81 P = 0.48

DRFS
Sample size 3,114 2,416 917 954
Age at diagnosis (y)
40-49 vs <40 0.78 0.71 NA* 1.06

P = 0.052 P = 0.036 P = 0.93
50-65 vs <40 0.85 0.79 NA 1.30

P = 0.17 P = 0.13 P = 0.57

(Continued on the following page)
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(full results and K-M plots available in Supplementary
data, Section 3). In the no adjuvant tamoxifen
subgroup, GATA-3 was not prognostic for any out-
come (i.e., BCSS at 10 years, 85% versus 85%; P = 0.55).
Similarly, in the subgroup treated with adjuvant
tamoxifen, GATA-3 was again not prognostic for
all outcomes (i.e., BCSS at 10 years, 76% versus 71%;
P = 0.10).

Multivariate Survival Analysis. Using a Cox propor-
tional hazards model including all patients, tumor size,

histologic grade, Her2 status, and nodal status were all
independent predictors of BCSS, RFS, DRFS, and OS
(Table 3). In comparison with baseline, certain age
groups were prognostic for BCSS, RFS, and OS. ER
status was independently prognostic only for BCSS.
GATA-3 was not independently prognostic for any of the
outcomes measured. We repeated the Cox proportional
hazards model for the ER-positive subgroup and the
ER-positive subgroups treated with and without adju-
vant tamoxifen. The results were similar to those of the

Table 3. Cox proportional hazard regression analysis for BCSS, RFS, DRFS, and OS (Cont’d)

Multivariate hazard ratio

Whole cohort ER positive only ER positive + tamoxifen ER positive � tamoxifen

>65 vs <40 0.88 0.78 NA 1.07
P = 0.29 P = 0.12 P = 0.88

Tumor size (cm)
2< size V5 vs V2 1.58 1.63 1.65 1.90

P = 1.1e�10 P = 2.7e�9 P = 5.6e�5 P = 2.2e�5
>5 vs V2 2.13 2.84 4.45 0.59

P = 8.2e�9 P = 2.0e�11 P = 2.9e�9 P = 0.60
Grade
Grade 3 vs grade 1/2 1.48 1.46 1.46 1.43

P = 5.8e�8 P = 1.7e�6 P = 0.0020 P = 0.017
Nodal status
Positive vs negative 2.39 2.34 2.18 5.23

P = 4.9e�36 P = 6.0e�26 P = 4.6e�8 P = 2.0e�11
ER status
Positive vs negative 0.88 NA NA NA

P = 0.13
Her2 status
Positive vs negative 1.34 1.44 1.68 1.53

P = 0.0011 P = 0.0020 P = 0.0021 P = 0.087
GATA-3 status
Positive vs negative 1.00 1.02 0.918 1.08

P = 0.98 P = 0.84 P = 0.48 P = 0.62

OS
Sample size 3,119 2,421 919 957
Age at diagnosis (y)
40-49 vs <40 0.74 0.69 NA* 1.17

P = 0.014 P = 0.025 P = 0.74
50-65 vs <40 1.07 1.09 NA 2.36

P = 0.53 P = 0.57 P = 0.060
>65 vs <40 1.97 2.00 NA 4.83

P = 9.1e�10 P = 4.2e�6 P = 5.2e�4
Tumor size (cm)
2< size V5 vs V2 1.42 1.45 1.45 1.60

P = 5.6e�10 P = 5.8e�9 P = 8.2e�5 P = 9.2e�6
>5 vs V2 1.81 2.49 3.15 1.25

P = 4.5e�7 P = 5.6e�11 P = 2.2e�7 P = 0.71
Grade
Grade 3 vs grade 1/2 1.33 1.29 1.24 1.16

P = 6.9e�7 P = 4.5e�5 P = 0.019 P = 0.15
Nodal status
Positive vs negative 1.77 1.75 1.79 3.25

P = 1.9e�25 P = 3.1e�19 P = 3.7e�8 P = 2.6e�9
ER status
Positive vs negative 0.88 NA NA NA

P = 0.075
Her2 status
Positive vs negative 1.27 1.45 1.54 1.44

P = 0.0023 P = 1.3e�4 P = 0.0026 P = 0.041
GATA-3 status
Positive vs negative 0.99 1.00 0.92 1.12

P = 0.82 P = 0.97 P = 0.40 P = 0.29

*Hazard ratio not available for age groups in the ER positive + tamoxifen subgroup because there were no patients diagnosed at age <40 y in this
subgroup.
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whole cohort, with GATA-3 not independently prognos-
tic in any subgroup, for any outcome.

Discussion

GATA-3 is a highly conserved protein that plays a critical
role in development and cellular differentiation (10, 12).
Usary et al. carried out mutational analysis of GATA-3 in
human breast tumors and proposed that GATA-3 is
involved in luminal differentiation. It was also suggested
that high expression of GATA-3 in breast luminal cells is
‘‘normal,’’ and a loss of GATA-3 expression may
contribute to tumorigenesis.
The association between GATA-3 and ER was previ-

ously recognized using hierarchal clustering analysis of
gene expression data from 34 primary breast carcinomas
(22) and subsequently confirmed on a separate study of
78 breast cancer tumors (6). This study from Sorlie et al.
found an ER gene cluster including ERa and GATA-3 ;
also in this gene cluster were X-box binding protein 1,
trefoil factor 3, hepatocyte nuclear factor 3a, and LIV-1.
Expression levels of this gene cluster separated the
Luminal/ER-positive tumors into subgroups. The good
prognosis Luminal A group exhibited the highest
expression of the ER gene cluster, whereas the Luminal
B/C group had low/moderate expression and was
associated with a worse prognosis.
Mehra et al. (16) carried out a meta-analysis of four

breast cancer microarray expression profile data sets
(including the previously mentioned data set from Sorlie
et al.) totaling 305 breast tumor samples. GATA-3 mRNA
levels were prognostic for RFS, with higher levels
associated with favorable outcome. GATA-3 mRNA
levels were lower in ER-negative and high-grade tumors.
In addition to the meta-analysis, these researchers

constructed a tissue microarray from 139 consecutive
single institution breast cancer patients and GATA-3
levels were assessed by immunohistochemistry. Their
GATA-3 score was based on both intensity of staining
and percentage of nuclei stained, but a binarized score
was used for analysis. Mehra et al. found that low levels
of GATA-3 were associated with larger tumor size,
positive lymph node status, higher grade, ER positive
status, and Her2 negative status. Overall, high GATA-3
expression was a marker of good prognosis for breast
cancer RFS and OS, and in multivariate analysis GATA-3
independently predicted for superior RFS.
Using an easily reproducible system for scoring

GATA-3 immunostaining, our study of GATA-3 protein
expression in a much larger cohort of breast cancer
tumors confirms some of these previously published
conclusions. We found that GATA-3 is almost exclusive-
ly expressed in association with ER (P = 2.1e�67), with
98% of GATA-3–positive cases also being ER positive. In
our study cohort, among ER-positive cases, 39% are
GATA-3 positive. This number is similar to the results of
Mehra et al., who found that 46% of ER-positive cases
were GATA-3 positive. In addition, we also confirm that
GATA-3 is associated with favorable prognostic features
including older age at diagnosis, lower histologic grade,
and Her2 negative status. However, in our study, GATA-
3 levels were not significantly associated with lymph
node status, and this is discordant with the results of
Mehra et al.

In univariate analysis of the entire cohort, we found
that the presence of GATA-3 is a relatively weak marker
of good prognosis for all outcomes including OS and RFS
(the outcomes presented by Mehra et al.). This finding is
consistent with the close association between GATA-3
and ER (ER is a stronger marker of good prognosis).
However, Mehra et al. reported that high GATA-3
protein expression predicted for superior RFS in univar-
iate analysis of the ER-positive subgroup and in
multivariate analysis of their whole cohort. In our study,
GATA-3 was not significantly prognostic in the ER-
positive subgroup for any of the survival outcomes
reported, nor did it have independent prognostic
significance in our multivariate models. Because of its
lack of prognostic significance within the ER-positive
subgroup, immunohistochemical assay of GATA-3 is
unlikely to be useful in distinguishing the Luminal A
from Luminal B biological subtypes. In the ER patients,
our results show a difference in 10-year BCSS of 2%
between GATA-3–positive and GATA-3–negative cases,
and the 95% confidence interval excludes an absolute
difference of >5.5%. Thus, GATA-3 is not a clinically
useful prognostic marker in breast cancer given that ER
status is already routinely obtained.
It has also been hypothesized that GATA-3 could be

a predictive biomarker for tamoxifen responsiveness in
ER-positive tumors (23). Parikh et al. carried out
GATA-3 immunohistochemistry on 14 tumor samples
from patients determined to be hormone unresponsive
(based on clinical progression or early recurrence on
hormonal therapy). They found that the hormone-
unresponsive patients were more likely to have low
expression of GATA-3 compared with the 14 hormone-
responsive controls. Their conclusion that GATA-3 is
predictive of tamoxifen response is not supported by
our study. We carried out Kaplan-Meier analyses of
GATA-3 expression among ER-positive patients receiv-
ing adjuvant tamoxifen and in ER-positive patients not
receiving any adjuvant systemic therapy. Although
evidence of predictive effect in a biomarker is best
shown in the context of a randomized clinical trial, we
can make some useful observations in our cohort.
If GATA-3 status were predictive of tamoxifen

response, then we would expect to see GATA-3 having
a reasonably strong prognostic effect in the ER-positive
group treated with tamoxifen. Similarly, this prognostic
effect would be reduced, or absent, in the ER-positive
group that did not receive tamoxifen. However, in both
the tamoxifen-treated and untreated subgroups, GATA-
3 did not have prognostic value for any of the
outcomes presented in this study. Consequently, there
is no evidence from our study that GATA-3 is a pre-
dictive biomarker for response to hormonal therapies.
Consistent with our finding is the exclusion of GATA-3
from the final 21-gene panel used to calculate the
Recurrence Score, a multigene molecular test that is
independently prognostic in a large series of node-
negative, ER-positive, and tamoxifen-treated breast
cancer patients (24).

Conclusion

Using a large, well-annotated tissue microarray series, a
clinically practical immunohistochemical assessment,
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and strict statistical analysis, we find that GATA-3 is a
breast cancer marker almost exclusively expressed
among ER-positive tumors. Similar to the ER, it is
associated with favorable prognostic features and is a
univariate marker of good prognosis across multiple
survival outcomes, including relapse, breast cancer
death, and OS. GATA-3 does not have independent
prognostic significance in multivariate Cox models
incorporating the standard clinicopathologic variables.
It is not prognostic, for any outcome, within the ER-
positive subgroup and does not seem to predict for
tamoxifen response in ER-positive patients.
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