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Expression of Forkhead-box protein A1,
a marker of luminal A type breast cancer,
parallels low Oncotype DX 21-gene
recurrence scores
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The Oncotype DX assay is one of the molecular tests that provide predictive and prognostic information to
breast cancer patients with estrogen receptor (ER)-positive and node-negative disease. This study evaluates
the association of Forkhead-box protein A1 (FOXA1) and GATA-binding protein 3 (GATA3) expressions with
Oncotype DX recurrences scores in 77 cases of patients with ER-positive node-negative breast carcinomas
diagnosed at Indiana University. The data were correlated with patient age, tumor size, histologic type, Scarff—
Bloom-Richardson score, histologic grade, and progesterone receptor status. The median FOXA1 and GATA3
scores were 240 and 200, respectively. The Oncotype DX recurrence scores were low in 57%, intermediate in
30%, and high in 13% of cases. FOXA1 expression correlated negatively with Oncotype DX recurrence scores
(P=0.004), and histologic type (P=0.0004). Oncotype DX recurrences score also correlated negatively with
progesterone receptor (P=0.035) with 100% of progesterone receptor-negative cases having high or
intermediate Oncotype DX scores. FOXA1 and GATA3 expressions correlated positively (P=0.014). The
correlation between FOXA1 expression and Oncotype DX recurrence scores remained significant after
adjusting for multiple comparisons and controlling for confounders such as histological type, grade, and
progesterone receptor. A statistically significant correlation between the Oncotype DX recurrence scores
and FOXA1 expression in our diverse cohort of ER-positive breast cancer patients was observed. We propose
that this may represent a more cost-effective strategy to further risk stratify patients with good prognosis in
whom chemotherapy may be omitted. To confirm these findings, further studies in a larger cohort of patients
are warranted.

Modern Pathology (2010) 23, 270-275; doi:10.1038/modpathol.2009.172; published online 27 November 2009

Keywords: FOXA1 expression; GATA3 expression; Oncotype DX; luminal A type breast cancer marker

In this era of personalized medicine, there has been
a proliferation of molecular tests in breast cancer to

predict response to systemic therapy and also to offer
prognostic information to patients. Several multi-
gene prognostic assays are either currently available
or are in development. The Oncotype DX recurrence
assay (Genomic Health, Redwood, CA, USA) is one
of the major commercially available prognostic tools
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licensed for use in the United States in patients
with node-negative estrogen receptor (ER)-positive
breast cancer." It assists clinicians in predicting
the likelihood of recurrence as well as predicts
the benefit of adjuvant systemic chemotherapy
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given in conjunction with hormonal manipulation.?
It is a reverse transcription-polymerase chain reac-
tion assay that examines the expression of 16 cancer-
related genes (Ki67, STK15, survivin, CCNBI,
MyBL2, MMP11, CTSL2, GRB7, Her2/neu, GSTM1,
CD68, BAG1, ER, progesterone receptor [PR], BCL2,
and SCUBE?2) and 5 reference genes from malignant
breast specimens. The expression pattern of each of
these genes is tabulated using an equation and a
recurrence score is assigned to each case. Among
these genes, higher expression levels of ER, PR,
BCL2, SCUBE2, GSTM1, and BAG1 reduce the
recurrence score (negative values) whereas higher
expression levels of remaining genes increase the
recurrence score. Although a direct relationship
between molecular subtypes and recurrence score
has not been investigated, indirect evidence sug-
gests that patients with low recurrence score belong
to luminal A subtype.® Patients in the high recur-
rence score category benefit from adjuvant che-
motherapy; however, those with a low recurrence
score tend to have a lower likelihood of benefiting
from cytotoxic chemotherapy and are a potential
group in whom chemotherapy can be avoided. Other
assays, either available or in development, include
the 70 gene profile/MammaPrint, Pro-Ex Br, wound
response gene signature, intrinsic subtypes, Mam-
mostrat, 2 gene ratio, MapQuant DX, and the
invasiveness gene signature.*'® Most of these
assays, including the Oncotype DX assay, are
expensive and have not been prospectively vali-
dated. In addition, some of these assays require the
use of fresh tissue for processing. It therefore
becomes necessary to develop novel strategies for
providing both prognostic and predictive informa-
tion to patients in a more cost-effective and efficient
manner using techniques that can be clinically
reproducible and prospectively validated. One such
strategy could be to develop immunohistochemical
assays that can identify luminal A subtype/low
recurrence score tumors in which cytotoxic che-
motherapy can safely be avoided.

The transcription factor network composed of ER,
Forkhead-box protein A1 (FOXA1), and GATA-
binding protein 3 (GATA3) controls the gene
expression pattern in luminal subtype A breast
cancers.”® This class of breast cancers tends to
be ER-positive, PR-positive, Her2/neu-negative, well
differentiated; therefore, it may correspond to the
majority of cases sent for Oncotype DX testing in
clinical practice. FOXA1 is a forkhead family
transcription factor that interacts with cis-regulatory
regions in chromatin and enhances the interaction
of ERa with chromatin.™ It is required for optimum
expression of approximately 50% of ER-regulated
genes and estrogen-induced cell proliferation.’"* In
mammary epithelial cells, FOXA1 expression is
positively regulated by GATA3,"” which is a line-
age-restricted transcription factor essential for the
differentiation of mammary luminal progenitor
cells.’®*® Therefore, luminal epithelial cells that
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express ER and GATA3 are expected to express the
highest levels of FOXA1 in the mammary gland.
Indeed, FOXA1, ER, and GATA3 are each expressed
in a specific subpopulation of normal luminal
epithelial cells and are likely coexpressed.'*'”-*®

As FOXA1, GATA3, and ER coexist in a network
regulating luminal subtype A breast carcinomas, we
hypothesized that tumors expressing FOXA1 and/or
GATA3 will have a low recurrence score. We there-
fore investigated the correlation of FOXA1 and
GATA3 expressions with the recurrence score in
breast cancers that were tested by Oncotype DX. To
our knowledge, this is the first attempt to correlate
the recurrence score with novel molecular markers.

Materials and methods

The study population comprised 77 consecutive
cases of invasive breast cancers that had Oncotype
DX testing performed on tumor blocks between 2005
and 2008 from the pathology department of the
Indiana University and affiliated hospitals. Onco-
type DX was performed on paraffin-embedded
tumor samples at Genomic Health Laboratories as
described earlier.” All patients had ER-positive and
node-negative invasive breast cancers. The slides
were reviewed by a breast pathologist and graded
according to the modified Nottingham grading
criteria. The study was approved by the Indiana
University School of Medicine Institutional Review
Board.

Her2/neu, ER, and PR status were obtained from
the pathology reports and verified from the Onco-
type DX report. ER and PR immunohistochemical
staining at our institutions is performed using 1D5
mouse monoclonal and clone PR636 (Dako, Carpen-
teria, CA, USA) antibodies for ER and PR, respec-
tively. Her2/neu protein is analyzed using the
Hercept test (Dako) using standard FDA-approved
methods. A positive result was indicated by 3+
immunoreactivity (overexpression) or fluorescence
in situ hybridization amplification.

Expression of FOXA1 was analyzed using goat
antihuman FOXA1 antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) by IHC. After de-
waxing and hydration, 4 mm sections from formalin-
fixed paraffin embedded tissue were treated with
target retrieval (Dako, pH 6.0), in a pressure cooker.
Endogenous peroxidase activity was blocked by
hydrogen peroxide for 10 min. The slides were then
incubated with polyclonal goat FOXA1 antibody
(1:200; Santa Cruz Biotechnology) for 1h at room
temperature. The sections were incubated with
donkey antigoat horseradish peroxidase polymer
conjugate (Jackson Labs, West Grove, PA, USA)
according to the manufacturer’s instructions. The
stain was developed using diaminobenzidine (DAB)
plus (Dako, Glostrup, Denmark) and hematoxylin
QS (Vector Laboratories, Burlingame, CA, USA)
counterstain. To verify the specificity of staining,
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nonimmune goat serum and PBS-negative controls
were used. Similar procedure was used for GATA3
using goat antihuman GATA3 antibody (1:100; Santa
Cruz Biotechnology). Percentage of staining was
categorized as ‘0%’ if there was no nuclear expres-
sion to a maximum score of ‘100%’. Intensity was
scored as 1+, 2+, and 3 + for weak, moderate, and
strong staining, respectively.

Percentage (P) and intensity (I) of nuclear expres-
sion for FOXA1 and GATA3 were multiplied to
generate a numerical expression score (S=P x I).
The maximum expression was therefore 300,
whereas the minimum was 0. A cutoff of 30 was
used for categorizing FOXA1 as positive.”” GATA3
was analyzed using a continuous variable. Oncotype
DX results were obtained from the pathology files.
The recurrence scores were used as a continuous
variable as well as categorized as low (0-17),
intermediate (18-30), or high (> 30).

Bivariate correlations of Oncotype DX recurrence
scores, FOXA1, and GATA3 expressions with each
other and with tumor type, grade, size, and PR were
tested. Partial correlations of Oncotype DX recur-
rence scores, FOXA1, and GATA3 with each other
were also tested controlling for variables correlating
significantly with the variable in the pair being
analyzed. x*, ANOVA, and Kruskal-Wallis tests
were appropriately applied for analysis of variables
in Oncotype DX recurrence score categories. All
tests were two sided and have been adjusted for
multiple comparisons using Bonferroni—-Holm'’s
method. We used 5% o-level to determine signifi-
cance. Data were analyzed using Statistical Package
for Social Sciences 16.0 (SPSS Inc., Chicago, IL,
USA).

Results

FOXA1 and GATA3 expressions were analyzed
in 77 consecutive cases referred for Oncotype DX
analysis between 2005 and 2008 by members of a
multidisciplinary team specializing in the treatment
of breast cancer at Indiana University and three
other affiliated hospitals. Patient characteristics are
shown in Table 1. Twenty-one of 77 cases (27%)
analyzed were <50 years of age; the median age was
55 years (mean, 55; range 29-77). Median tumor size
was 1.4 cm (mean, 1.6 cm; range, 0.3—7 cm). Invasive
ductal carcinomas accounted for 75% of tumors,
whereas 9% were lobular, and 16% were mixed.
Forty percent of tumors were histologic grade I, 46
and 14% were grades II and III, respectively. PR
expression was absent in 11 (14%) cases. Caucasians
accounted for 82% of cases vs 5% African-Amer-
icans. Race was undocumented in 13%.

Oncotype DX recurrence scores were low, inter-
mediate, and high in 57, 30, and 13% of cases,
respectively; the median recurrence score was 16.
Oncotype DX recurrence score categories did
not differ by age or tumor type. However, there
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Table 1 Patient characteristics

Age (mean, range) 55 (29-77)
<50 21 (27%)
>50 56 (73%)

Oncotype DX recurrence score (mean) 18.8
Low 44 (57%)
Intermediate 23 (30%)
High 10 (13%)

Histology
Invasive ductal carcinoma 58 (75%)
Invasive lobular carcinoma 7 (9%)
Mixed 12 (16%)

Race
Caucasian 63 (82%)
African-American 4 (5%)
Unknown 10 (13%)

Tumor size (mean, range) 1.6 cm (0.3-7.0)
<lcm 20 (26%)
1.1-2cm 39 (51%)
>2cm 18 (23%)

PR
Positive 64 (83%)
Negative 11 (14%)
Not assessable 2 (3%)

Grade
I 31 (40%)
11 35 (46%)
1T 11 (14%)

was a significant difference across the categories
when compared with tumor size and tumor grade
including Scarff-Bloom—Richardson score. High
Oncotype DX recurrence score category showed
a higher median Scarff-Bloom—-Richardson score.
Oncotype DX recurrence score also correlated
negatively with PR (P=0.035) with 100% of the
PR-negative cases having a high or intermediate
Oncotype DX score. Table 2 shows the relationship
between the variables and Oncotype DX recurrence
score categories.

The median FOXA1 score was 240 (range, 0—300).
FOXA1 score negatively correlated with the recur-
rence score both using a categorical (P<0.0001) and
continuous variable (P=0.004). A lower mean
FOXA1 score was observed in high Oncotype DX
recurrence score category (Figure la and b). Inter-
mediate Oncotype DX recurrence score category had
intermediate FOXA1 scores. Thus, FOXA1 score
significantly differed among the three Oncotype DX
recurrence scores categories. FOXA1 expression also
correlated with histologic type (P=0.0004); invasive
ductal carcinoma (mean=211.6) showing lower
FOXA1 scores as compared to invasive lobular
carcinoma (mean = 285.7) and mixed tumors show-
ing intermediate FOXA1 scores (mean = 222).

The median GATA3 score was 200 with a similar
range as FOXA1. GATA3 expression showed a



negative trend with Oncotype DX recurrence score
taken as a continuous variable (Figure 2a and b);
however, this did not reach statistical significance
(P=0.236). Moreover, GATA3 expression did not
significantly differ among the three Oncotype DX
recurrence score categories (P=0.204). GATA3 ex-
pression did not correlate with age, tumor size,
histological type, grade, SBR score, and PR expres-
sion status. FOXA1 and GATA3 expressions were
positively correlated (P=0.014).

The correlation between FOXA1 expression and
Oncotype DX recurrence score remained significant
after adjusting for multiple comparisons. As either

Table 2 Oncotype DX recurrence score categories and frequen-
cies of clinicopathologic variables

Variable ODX RS categories
Low  Intermediate = High P-value
(m=44) m=23) m=10)
Age (mean) 56 53 60 0.243%
Size (mean) 1.5 1.4 2.8 <0.0001*
Grade (N, %)
I 22 (50) 9 (39) 0 (0) 0.026°
I 19 (43) 9 (39) 7 (70)
111 3(7) 5 (22) 3 (30)
Histology (N, %)
Ductal 32 (72) 17 (74) 9(90) 0.451°
Lobular 6 (14) 1 (4) 0 (0)
Mixed 6 (14) 5 (22) 1 (10)
SBR score (median) 1.5 2 2 0.050°
FOXA1 expression 235 228 135.5 <0.0001*
GATAS3 expression  216.1 227 173.5 0.204*
2ANOVA.
bxz test.

“Kruskal-Wallis test.
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FOXA1 expression or Oncotype DX recurrence score
correlated significantly with histological type,
grade, and PR, we also tested correlation between
FOXA1 and Oncotype DX recurrence score control-
ling for these variables individually and found that
the correlation remained significant in all these
analyses.

Discussion

Approximately, 50% of women with a new breast
cancer diagnosis in the United States have ER-
positive disease without regional lymph node
metastasis.”® The current magnitude and public
health burden of early-onset breast cancer under-
score the necessity of further understanding the
optimal management for this group of patients.
Further recurrence risk reduction strategies before
or after surgical treatment include the use of
neoadjuvant or adjuvant therapy with hormonal
manipulation or cytotoxic chemotherapy. Adminis-
tration of tamoxifen in women with ER-positive
disease reduces the annual breast cancer mortality
by approximately 30% irrespective of the use of
chemotherapy or age.?® The decision to administer
adjuvant chemotherapy in this group of women by
estimating the absolute benefit to be derived from
such therapies becomes critically important given
the significant improvements seen with hormonal
therapies alone. In addition, chemotherapy is
associated with both long- and short-term toxicities
such as the risk of secondary malignancies, sig-
nificant healthcare costs, and loss of productive
time. Traditionally, adjuvant chemotherapy deci-
sions are made using clinicopathological prognostic
factors such as tumor size, grade, regional lymph
node status, age, or the decision tools/guidelines
based on these factors, e.g., Adjuvant! Online,

Figure 1 Immunohistochemical staining for FOXA1 (a) and GATA3 (b) in breast tumor from a case with low recurrence score (RS =10).
Note the high level of expression of FOXA1 (score 300) and GATA3 (score 300) in the tumor cells.
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Figure 2 Immunohistochemical staining for FOXA1 (a) and GATA3 (b) in breast tumor from a case with high recurrence score (RS =37).
Note the lack of expression of FOXA1 and intermediate level expression of GATA3 in tumor cells. Strong nuclear expression of FOXA1

is, however, noted in the normal duct entrapped within the tumor.

National Comprehensive Cancer Network (NCCN),
and St Gallen’s guidelines.?*~2?

More recently, genetic profiling is being incorpo-
rated into clinical oncology practice to guide
adjuvant therapy decisions. Oncotype DX recur-
rence score assay is one of the diagnostic tools
recently approved in the United States for use in
breast cancer patients with node-negative ER-posi-
tive tumors to guide adjuvant chemotherapy deci-
sions. Although such tools may revolutionize the
care of breast cancer patients by attempting to tailor
therapy to each individual’s molecular profile, they
are expensive and currently lack prospective valida-
tion. Owing to these concerns, several investigators
have attempted to use clinicopathologic features to
predict the recurrence score. In a population-based
cohort of 300 early-stage breast cancer patients, Wolf
et al** determined that neither standard clinico-
pathologic features nor commonly used clinical
guidelines reliably predicted the recurrence score.
Another study by Flanagan et al*® suggested that the
recurrence score correlated with histopathologic
variables such as tubule formation, nuclear grade,
mitotic count, ER status, PR status, and Her2/neu
status. A hypothesis of the observed discrepancy
may be that the molecular biology of these tumors
may not correlate completely with standard
histopathologic variables such as those that have
been tested. Given that Oncotype DX evaluates
prognosis by more formal molecular risk estimation
in ER-positive breast cancers," FOXA1 and GATA3,
which contribute to the hormonal control of gene
expression pattern in this group of patients in
conjunction with ER, may in fact correlate with the
recurrence score.

In this study, we report on the correlation between
FOXA1 and GATA3 expression levels and the
Oncotype DX 21-gene recurrence scores in 77
consecutive breast cancer patients with ER-positive
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node-negative disease in a diverse population from
different hospital settings. We did indeed find a
statistically significant negative correlation between
the recurrence scores and FOXA1 expression.
GATA3 expression also correlated negatively with
the recurrence scores; however, this did not reach
statistical significance, possibly because of our
limited sample size.

Another interesting observation of our study was
that the proportion of patients with an intermediate
recurrence score was higher than that reported in
the analysis of the National Surgical Adjuvant
Breast and Bowel Project (NSABP) B-14 clinical
trial (29.9% vs 22%)." Similarly, the proportion
of individuals with a high recurrence score was
much lower in our cohort than in the patients
on B-14 (13% vs 27%). We also observed similar
findings in the studies evaluating the influence
of Oncotype DX recurrence score on decision making
and its association with clinicopathologic fea-
tures.>**” Thus, our study likely represents a more
‘real-life’ distribution of Oncotype DX risk categories
in patients with early-stage ER-positive disease.

We are not suggesting that patients with early-
stage ER-positive breast cancer should currently be
evaluated for FOXA1 and GATAS3 expressions rather
than the Oncotype DX multigene diagnostic assay;
indeed our study does have certain limitations such
as limited sample size, lack of prospective valida-
tion, and followup data. We do, however, suggest
that if other cost-effective and reproducible techni-
ques for providing prognostic information to pa-
tients and clinicians become available, then they
ought to be investigated in greater depth for a
possibility of replacing expensive molecular pro-
files. This becomes particularly critical in areas
where Oncotype DX testing is not available or in
individuals who may not have ready access to the
test for a variety of reasons.



To our knowledge, this is the first study correlat-

ing novel transcription factors and other clinico-
pathologic characteristics with the Oncotype DX
recurrence scores. Although our data need to be
reproduced in a larger cohort, this concept may
indeed represent a novel alternate way to further
stratify breast cancer patients to determine which
patient might be at a lower risk of recurrence and
therefore avoid chemotherapy in such patients.
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