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Introduction—GATAZ3 is a critical transcription factor in maintaining the differentiated state of
luminal mammary epithelial cells. We sought to determine the prognostic and predictive roles of
GATAS3 genotypes for breast cancer.

Patients and Methods—Twelve single nucleotide polymorphisms (SNPs) were genotyped in
two breast cancer cohorts, including SWOG S8897 trial where patients were treated with adjuvant
chemotherapy (CAF vs. CMF) or untreated, and the observational Pathways Study.

Results—In the S8897 trial, rs3802604 and rs568727 were associated with disease-free survival
(DFS) and overall survival (OS) in the treated group, regardless of chemotherapy regimen. The
GG genotype of rs3802604 conferred poorer OS (adjusted HR=2.45, 95% CI: 1.48-4.05) and DFS
(adjusted HR=1.95, 95% CI: 1.27-2.99) compared to the AA genotype. Similar associations were
found for rs568727. In contrast, no association with either SNP was found in the untreated group.
Subgroup analyses indicated that these two SNPs more strongly influenced outcomes in the
patients who also received tamoxifen. However, the associations in the subgroup with tamoxifen
treatment were not replicated in the Pathways Study, possibly due to substantial differences
between the two patient cohorts, such as chemotherapy regimen and length of followup. Results
from joint analyses across these two cohorts were marginally significant, driven by the results in
S8897. Bioinformatic analyses support potential functional disruption of the GATA3 SNPs in
breast tissue.

Conclusions—The present study provides some evidence for the predictive value of GATA3
genotypes for breast cancer adjuvant therapies. Future replication studies in appropriate patient
populations are warranted.

MicroAbstract
In an ancillary study to a completed clinical trial, we identified GATA3 genotypes predictive of
survival after adjuvant chemotherapy, particularly among those subsequently treated with
tamoxifen. Although the replication effort in a second cohort proved to be futile due to substantial
differences between the discovery and the replication cohorts, mechanistic exploration of the
identified variants supported their functional significance.
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Introduction

GATA binding protein 3 (GATA3) is among the most important and well-studied
transcription factors in breast cancer (1-3). GATA3 and its downstream target FOXAL are
critical for maintaining the luminal differentiation status of mammary epithelial cells (4, 5).
It has a strong and specific presence in estrogen receptor (ER) positive luminal subtype
tumors, which is gradually lost as tumor cells acquire a stem cell-like status. Moreover,
GATAS3Is the third most commonly-mutated gene in breast cancer (11%), following 7P53
and P/IK3CA, with the mutations occurring mostly in luminal subtypes (6).
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Because GATA3 suppresses the epithelial to mesenchymal transition of tumor cells and thus
inhibits metastatic dissemination, in part, via regulating microRNAs (7), the expression of
GATA?3 gene and protein has been investigated and shown to be prognostic in breast cancer;
although the evidence has not been definitive. In an early genome-wide gene expression
meta-analysis, GATA3was identified as one of the top genes wherein low expression was
related to poor breast cancer outcomes (8). Similar results were reported with IHC
expression of GATA3, with the effects dependent on ER status in some studies (9-13).
Several studies have also evaluated IHC expression of GATA3 with treatment response, and
found it predictive of favorable endocrine therapy outcomes (14-16). In a neoadjuvant study,
GATAS negativity was an independent predictor for pathologic complete response (17),
whereas in the case of chemoresistant triple-negative breast cancer, a GATA3-containing
luminal-like gene signature was associated with better prognosis (18).

Despite mounting evidence of GATA3 as a critical transcription factor with potential
prognostic and predictive value in breast cancer, few studies have investigated the inherited
genetic variations with breast cancer outcomes. This becomes an even more warranted
research question to address given the existing high-level evidence that two GATA3single
nucleotide polymorphisms (SNPs), rs3824662 and rs3781093, have been identified as the
top hits in genome-wide association studies (GWAS) of risk and relapse of childhood acute
lymphoblastic leukemia (ALL) (19-21) and another SNP with risk of Hodgkin lymphoma
(22). It is also notable that GATA3 plays an important role in T-cell differentiation
reminiscent of that in mammary epithelial cells (23). Thus, using a cross-validating study
design, we sought to investigate the prognostic and predictive roles of GATA3 SNPs in two
cohorts of breast cancer patients.

Materials and Methods

Patient Populations

Data and DNA samples for this study were obtained from two breast cancer patient
populations: A completed phase 111 cooperative group trial SWOG S8897 (INT-0102) and a
cohort of breast cancer survivors in the Pathways Study. Study schemas of the two
populations are shown in Supplemental Figure 1 and descriptive characteristics of the two
patients populations are shown in Table 1.

As previously described, women diagnosed with T1-T3a node-negative invasive breast
cancer were eligible for S8897 (24). Patients were initially assigned to high risk (tumor size
> 2 cm, or hormonal receptor negative), low risk (tumor size < 1 cm), or uncertain risk
(tumor size between 1-2 cm or hormonal receptor positive) groups. The last group was
subsequently classified as either high or low risk based on the S-phase fraction by flow
cytometry. Patients in the high-risk group were randomly assigned to one of two adjuvant
chemotherapy treatment arms to receive either an anthracycline-based regimen (CAF)
consisted of 6 cycles of oral cyclophosphamide, intravenous doxorubicin, and 5-fluorouracil,
or the non-anthracycline regimen (CMF) consisted of 6 cycles of oral cyclophosphamide,
intravenous methotrexate, and 5-fluorouracil. After receiving chemotherapy, women in the
treated group were randomly assigned to receive or to not receive tamoxifen endocrine
therapy for 5 years. Women in the low-risk group were followed for observation only and
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did not receive either adjuvant chemotherapy or endocrine therapy. The trial enrolled a total
of 3,965 patients between 1989-1993. After a median of 10.8 years follow-up, the study
concluded with slightly better overall survival but not disease-free survival in patients treated
with CAF vs. CMF (24). For this ancillary study, genomic DNA was required. Because
lymph node tissues were not collected from patients in the initial high-risk group in S8897,
only those from the initially low-risk group (n=490) and the initially uncertain-risk group
(n=1,029) who were subsequently assigned to high- and low-risk groups for adjuvant
therapy (“treated group”, n=516) or no adjuvant therapy (“untreated group”, n=513),
respectively, were included.

The Pathways Study is an observational prospective cohort study of breast cancer survivors
established at Kaiser Permanente Northern California (KPNC) to investigate factors
associated with recurrence and mortality (25, 26). Between 2006 and 2013, a total of 4,505
eligible patients diagnosed with incident invasive breast cancer were enrolled typically
within 2 months of diagnosis. Baseline in-person interviews were conducted to query
demographic, health history, and extensive lifestyle and other epidemiological information
potentially related to breast cancer risk and prognosis; anthropometric measures were also
taken. Blood and/or saliva samples were obtained shortly thereafter. Regular follow-ups on
lifestyle and other factors were conducted via mailed or telephone questionnaires at 6, 24,
and 72 months post-baseline, and health outcomes and comorbidities at 12, 24, 48, 72, and
96 months post-baseline. Complete clinical data including initial diagnosis and treatment
were obtained from the KPNC Cancer Registry and KPNC electronic clinical and
administrative databases. For the replication cohort, we selected a sub-cohort of patients
enrolled in Pathways who received adjuvant tamoxifen therapy as the replication cohort.

Written informed consent was obtained from all patients for the use of their tissues in future
research studies. This study was approved by the Institutional Review Boards at Roswell
Park Comprehensive Cancer Center and KPNC.

Biospecimens and genotyping

In S8897, three 5-micron paraffin-embedded, formalin-fixed (FFPE) slides of normal lymph
node tissue were used for extraction of genomic DNA. Adequate DNA for genotyping was
obtained from 1,253 eligible patients, including 446 in the treated group and 807 in the
untreated group. An Illumina GoldenGate 384-plex custom panel was designed for
genotyping, which included 12 tagSNPs selected from GAT7A3based on HapMap CEU data.
Two SNPs shown to be significant in the previous GWAS for childhood ALL, rs3824662
and rs3781093, were forced in during the tagSNPs selection process. For genotyping QC
purpose, 2% duplicates were randomly selected and blinded in across genotyping plates and
an in-house trio set was also included in each plate. The overall successful genotyping call
rate was 98.3%, with complete concordance between duplicate pairs. Thirteen samples with
a call rate <85% were removed from analysis, resulting in a final sample size of 441 in the
treated group and 799 in the untreated group.

In the Pathways Study, genomic DNA was extracted from blood and/or saliva samples and
genotyping of the same set of 12 GATA3 SNPs were conducted using the Agena Bioscience
MassARRAY, with the same percent of blind duplicate samples and in-house trio samples
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included. The overall genotyping call rate was 98.4%, and 10 samples with a call rate <85%
were removed from analysis, resulting in a final sample size of 1,000 patients.

None of the SNPs in either study had Mendelian error or violated Hardy Weinberg
Equilibrium (HWE) (P> 0.001). The DNA preparation work was performed at Roswell park
Data Bank and Biorepository (DBBR) resource and genotyping performed at Roswell Park
Genomics Shared Resource (GSR).

Statistical analysis

Analytical endpoints were overall survival (OS), defined as the time from registration to
death from any cause (censored at the last date of contact), and disease-free survival (DFS),
defined as the time from registration to disease recurrence, new second primary, or death.
OS and DFS probabilities were plotted with Kaplan-Meier survival curves by genotypes of
each SNP separately in the treated and untreated groups in S8897, with ~values derived
from log-rank test. Bonferroni correction was used to adjust for multiple testing, giving a
significance threshold of £<0.001 after correcting for testing 12 SNPs, 2 endpoints in 2
subgroups (0.05/48). Using a co-dominant model of inheritance, Cox proportional hazards
regression was used to estimate hazards ratios (HRs) and 95% confidence intervals (Cls) for
each SNP in treated and untreated groups separately, before and after adjusting for
covariates including age at diagnosis, race and ethnicity, and treatment arm in the treated
group. An additive model of inheritance was used in Cox regression analysis to estimate
HRs and accompanying 95% Cls per risk allele for each variant. As GATA3 plays an
important role in regulating estrogen signaling in breast cancer, which may have an impact
on treatment response to tamoxifen, the 12 SNPs were further analyzed among patients who
received tamoxifen following adjuvant chemotherapy and those who did not. Similar
approaches were used to analyze data from the Pathways Study cohort. All analyses were
conducted in R program.

Bioinformatic analysis

Results

To explore the potential functional impact of GATA3 SNPs, bioinformatic analyses were
conducted based on publicly available data resources using HaploReg v4.1 (27). The
program comprehensively interrogates chromatin state (promoter histone marks, enhancer
histone marks, DNAse sensitivity), protein binding, transcription factor motif, expression
quantitative trait loci (eQTL), and evolutionary sequence conservation across mammals.

GATA3 SNPs and breast cancer outcomes in the treated vs. untreated groups in S8897

Descriptive characteristics of S8897 patients with successful genotyping results are
summarized in Table 1. Patients in the treated group were younger with a median age of 49
years, compared to patients in the untreated group with a median age of 54 years (£ <0.05),
and were also more likely to be premenopausal (£ <0.05). A majority of patients (92%) self-
reported as non-Hispanic Whites, 5% non-Hispanic Blacks, 2% Hispanics, and 1% others.
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Figure 1 depicts the results of log-rank tests for OS and DFS in the treated and untreated
groups, along with the linkage disequilibrium (LD) map. Of the twelve GATA3 SNPs tested,
four were associated with both OS and DFS in the treated group with a nominal significance
(P<0.05). After correction for multiple testing, two SNPs, rs3802604 and rs568727 in
relatively strong LD (r?=0.79), remained statistically significant (threshold £=0.001) in the
treated group; whereas the other two SNPs, rs568727 and rs10905284, became non-
significant.

Kaplan-Meier curves of OS by the top two SNPs are shown in Figure 2 and curves of DFS
shown in Supplemental Figure 2. Among women treated with adjuvant therapy, those
carrying the GG genotype of rs3802604 had poorer OS compared to the AA genotype
(HR=2.45, 95% ClI: 1.48-4.05, £=0.0005), in a dose-dependent manner (per G allele:
HR=1.57, 95% CI: 1.21-2.03, P=0.0007) (Table 2). Similarly, those in the treated group
carrying the AA genotype of rs568727 had poorer OS compared to the CC genotype
(HR=2.57, 95% ClI: 1.43-4.30, P=0.0003), also in a dose-dependent manner (per A allele:
HR=1.59, 95% CI: 1.23-2.06, £=0.0005). Analyses of those 2 SNPs with DFS showed
results consistent with OS and the results were similar in subgroups defined by CAF vs.
CMF regimen. Neither of those two SNPs were associated with breast cancer outcomes in
the untreated group of patients who did not receive adjuvant therapy (Table 2; for complete
results of all 12 SNPs, see Supplemental Tables 1 and 2). Interaction tests of the two SNPs
between the treated and untreated groups did not reach statistical significance (£>0.05).

GATA3 SNPs and breast cancer outcomes in the treated group by tamoxifen therapy in

S8897

Because GATASZ is critical for the estrogen signaling pathways in breast cancer, the analyses
in the treated group in S8897 were further stratified by whether or not patients received
adjuvant tamoxifen therapy following chemotherapy. As shown in Table 3 for the top two
SNPs, the associations of rs3802604 and rs568727 with both OS and DFS remained
nominally significant among patients treated tamoxifen, with the associations restricted to
the homogenous variant genotypes, although the p-values did not meet the cutoff of
significance level after correction for multiple comparison (~>0.001). Among those not
treated with tamoxifen, the associations, particularly with DFS, were weaker and non-
significant after correction for multiple testing. Interaction tests of the two SNPs between the
group treated with and without tamoxifen did not reach statistical significance (~>0.05).

In addition to the above two SNPs, six other GATA3 SNPs showed some evidence of
association with OS and/or DFS among patients treated with tamoxifen, and one of them,
rs369421, remained significant after correction for multiple testing (P<0.001; Supplemental
Tables 4 and 5). Interestingly, the two GWAS SNPs previously associated with childhood
ALL risk and relapse, rs3781093 and rs3824662, were associated with OS, and the latter
also with DFS, at a nominal significance level among patients with no tamoxifen therapy.
The directions of the associations were consistent with those from the ALL GWAS.
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Replication of GATA3 SNPs with breast cancer outcomes in the Pathways Study

Because the associations of GA7TA3 SNPs with breast cancer outcomes appeared to be
stronger in patients treated with adjuvant chemotherapy followed by tamoxifen, consistent
with its putative roles in estrogen signaling pathways in breast cancer, the replication
analysis was conducted in the Pathways Study among 1,000 patients with early-stage breast
cancer who received adjuvant tamoxifen treatment. Descriptive characteristics of the
replication cohort are summarized in Table 1. The median follow-up time was 6.3 years,
with an OS rate of 7.7% and a DFS rate of 15.1%. In Cox regression models, none of the
twelve SNPs, including rs3802604 and rs568727, were associated with either OS and DFS.
The results remained unchanged when stratified by whether patients received adjuvant
chemotherapy (Supplemental Table 6), aromatase inhibitors, menopausal status, or when the
analyses were restricted to non-Hispanic White women (data not shown). In a joint analysis
in which data were pooled from the SWOG and Pathways Study cohorts, the AA genotype
of rs568727 was associated with both OS and DFS at a nominal significance level (/A<0.05),
and the GG genotype of rs3802604 showed a marginal association with OS and DFS (Table
4). However, the test for study heterogeneity between the two cohorts was significant
(P<0.05).

Potential functional impact of GATA3 SNPs

As summarized in Table 5, there is ample bioinformatic evidence supporting that those SNPs
may alter the functionality of GATA3. For rs3802604, the most significant SNP in our study,
it was predicted to disrupt chromatin state in a variety of tissues, including breast; alter
motifs for multiple transcription factors, including estrogen receptor alpha central in the ER
signaling pathway; and perturb the binding of proteins in Chip-Seq experiments. Moreover,
this SNP has also been identified as a ¢/s-eQTL associated with GATA3 expression in
peripheral blood monocytes (P=1.7e-6) (28).

Discussion

There are strong biological rationales for a potential predictive value of GATA3 SNPs for
outcomes after breast cancer adjuvant chemotherapy, particularly among patients who were
subsequently treated with tamoxifen. Results from the S8897 cohort support this hypothesis,
and /n silico bioinformatic prediction of SNP functionality also support these findings.

However, the observations in the S8897 cohort were not replicated in the independent
Pathway Study cohort, with null results. We considered several reasons for the lack of a
cross-validation success between the two cohorts. First, the length of follow-up time
differed, with a median 18 years in S8897 and only 6 years in the Pathways Study. Indeed,
Kaplan-Meier curves of OS by rs3802604 genotypes did not start to separate until
approximately 7 years after enrollment in S8897. Nevertheless, the separation of survival
curves of DFS and by the other top SNP rs568727 did become apparent early during the
follow-up. Second, because of the varying lengths of follow-up time, the event rates in the
Pathways Study were much lower than those in S8897. However, HRs from regression
models in the Pathways Study were closer to null than any suggestive trends consistent with
those from S8897. Thus, it is unclear whether simply extending the follow-up time and
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accumulating more events in the second cohort would result in convergence of findings with
that in the first cohort. Third, in the treated group in S8897, all patients received CAF vs.
CMF; while in the Pathways Study, chemotherapy regimens were more heterogeneous, with
a majority of patients receiving CA (39%), CT (23%), or C monotherapy (19%) and CAF
and CMF only occasionally prescribed (<1% each). Because the findings related to GATA3
SNPs in S8897 were observed primarily in the treated group but not in the untreated group
without adjuvant chemotherapy, we speculated the associations to be predictive for
chemotherapy efficacy. If the SNP effects of GATA3were specific to 5-fluorouracil, which
is no longer commonly used in the adjuvant settings for breast cancer, instead of
cyclophosphamide or cytotoxic chemotherapy in general, we would not expect to replication
of associations in the second cohort.

With the first cohort from a clinical trial conducted in the early 1990°s where treatment
regimens were closely prescribed, and the second cohort from a more contemporary
observational cohort based in a large integrated healthcare system which reflects a
community-based clinical setting, these cohort differences are logical reasons for the
inconsistent findings. If the findings had been replicated, heterogeneity between the
discovery and the validation cohorts would have underscored the robustness of the GATA3
SNPs as biomarkers of potential clinical utility outside the tightly controlled “experimental”
setting of clinical trials. However, failure to replicate suggests that these SNPs do not play
important roles in breast cancer under current practice.

Alternatively, the lack of replication in the second cohort in our study could reflect the true
lack of an impact of GATA3 genetic variations on breast cancer outcomes. The two GWAS
index SNPs with ALL susceptibility and relapse, rs3824662 and rs3781093, were not
significant in the treated or untreated group in S8897, but only showed associations at a
nominal significance level in the subgroup of patients who received adjuvant chemotherapy
without tamoxifen. Although the direction of the associations in our study of breast cancer
outcomes was consistent with the GWAS findings in ALL, it is in contrast to our hypothesis
of a more important role of GATA3 for endocrine therapy. There was some evidence of rs3
824662 being an eQTL and causal SNP responsible for the GWAS signal (19), and
rs3824602 as an eQTL associated with GATA3 expression in monocytes, yet definitive
evidence from functional studies still await, and it remains to be determined whether the
functional impact is specific to leukocytes or applicable to other cell types including
mammary cells.

To date, genetic association studies for breast cancer prognosis and prediction of drug
efficacy and toxicity, candidate-gene based or genome-wide design alike, have not produced
many bona fide risk variants, which is in stark contrast with studies of breast cancer
susceptibility, where more than 100 loci have been identified through GWAS based on ever
increasing sample sizes (29). It was hypothesized that the effect size of common genetic
variants for toxicity and survival outcomes might be larger than that for cancer susceptibility
due to lack of evolutionary selection pressure, which presumably would facilitate the power
of discovery (30). However, this advantage may have been more or less dampened by the
complexity of cancer outcomes as study phenotypes. Unlike binary cancer susceptibility (yes
Vs. No), cancer outcomes are time-varying and under influences such as cytotoxic cancer
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therapy, the effects of which may be overwhelming and mask any moderate genetic effects.
Also, due to complex outcome phenotypes and multifaceted heterogeneity in patient
characteristics and treatment modalities, it is more challenging to pool and harmonize data
collected under different settings and from various sources, despite the necessity and proven
value of pooling across studies in cancer susceptibility GWAS. Our present study highlights
those challenges and calls for large collaborative efforts to overcome them.

In addition to the heterogeneities between the discovery cohort and the replication cohort as
discussed above, another limitation should also be noted. S8897 was designed to randomize
patients deemed at high risk to CMF vs. CAF with or without tamoxifen, whereas those at
low risk were not randomized and did not received chemotherapy. Because achieved normal
lymph nodes were not available from patients at high risk based on large tumor size or
hormonal receptor negativity, they were not included in this ancillary study. Thus, the patient
population in this study represented those with smaller tumor or with hormonal receptor
positive cancer. This limits the generalizability of the study findings to low risk patients.

In conclusion, consistent with the established role of GATA3 as one of the most important
transcription factors in breast tissue, our present study provides some indication for potential
predictive values of GATA3Z germline variants for breast cancer chemotherapy and endocrine
therapy, and bioinformatic evidence supports these findings. However, these observations in
one cohort were not replicated in another cohort. This may have been a result of substantial
heterogeneity between the discovery and the replication cohorts, including differences in
chemotherapy regimens and length of follow-up. Our findings call for future studies to
continue investigating GATA3 SNPs in breast cancer treatment outcomes and whether they
are relevant to current and evolving practice in breast cancer treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Genotyped single nucleotide polymorphisms in GATA3 and breast cancer outcomes in
S8897 trial

P-values from log-rank test of single nucleotide polymorphisms with breast cancer
outcomes, including disease-free survival (DFS) and overall survival (OS), are log10-
transformed and plotted along with linkage disequilibrium map. Analyses were stratified by
the treated and untreated group and results from each subgroup analysis are indicated by
colors and shapes shown above. The lower and upper dashed lines indicate nominal
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significance threshold (0.05) and that after correction for multiple testing (0.001),
respectively.
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Figure 2.
Kaplan-Meier survival curves of overall survival by genotypes of the top two single

nucleotide polymorphisms in GATA3in S8897 trial

Kaplan-Meier curves of overall survival by the genotypes of rs3802604 and rs568727, the
two single nucleotide polymorphisms in GATA3 remained significant after correcting for
multiple comparison, are plotted separately for the treated and untreated group in S8897
trial. P-values are from log-rank test.
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Table 2.

GATA3 single nucleotide polymorphisms and breast cancer outcomes in S8897 trial

Page 17

Treated Group (n=441)

Untreated Group (n=799)

Genotype # events/patients Adjuste((j:ll—)iR (95% Adjusted P # events/patients Adjuste((i:ll—)iR (95% Adjusted P
A. Overall survival
rs3802604
AA 31/164 1.00 96/337 1.00
GA 51/206 1.36 (0.87-2.14) 0.18 99/342 1.07 (0.81-1.42) 0.64
GG 30/70 2.45 (1.48-4.05) 0.0005 27/166 0.78 (0.51-1.20) 0.27
Per risk allele 1,57 (1.21-2.03) 0.0007 0.94 (0.78-1.13) 0.48
1s568727
CcC 28/160 1.00 95/328 1.00
AC 52/204 1.50 (0.94-2.39) 0.09 102/357 1.03 (0.78-1.36) 0.86
AA 32/77 2.57 (1.43-4.30) 0.0003 24/111 0.74 (0.47-1.16) 0.19
Per risk allele 1.59 (1.23-2.06) 0.0005 0.91 (0.75-1.10) 0.32
B. Disease-free survival
rs3802604
AA 49/164 1.00 134/337 1.00
GA 66/206 1.08 (0.74-1.56) 0.69 145/342 1.15(0.91-1.45) 0.25
GG 37/70 1.95 (1.27-2.99) 0.002 38/116 0.80 (0.56-1.15) 0.24
Per risk allele 1.38 (1.10-1.73) 0.005 0.96 (0.82-1.12) 0.62
rs568727
CcC 45/160 1.00 131/328 1.00
AC 68/204 1.22 (0.83-1.79) 0.31 153/357 1.14 (0.90-1.44) 0.28
AA 39/77 2.02 (1.31-3.12) 0.001 32/111 0.71 (0.48-1.04) 0.08
Per risk allele 1.41 (1.13-1.76) 0.003 0.92 (0.79-1.08) 0.33

Footnote: Hazard ratios (HRs), 95% confidence intervals (Cls) and p-values were derived from Cox hazard regression models with adjustment for
age at enrollment, race and ethnicity, and treatment arms. Estimates of per risk allele were derived from an additive genetic model by treating
genotypes as 0, 1 and 2 according to the copy number of risk allele. P-values < 0.001 were considered statistically significant to account for
multiple testing for 12 genetic variants in GATA3Z.
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GATAZ3 single nucleotide polymorphisms and breast cancer outcomes among patients in the treated group by

tamoxifen therapy in S8897 trial

Tamoxifen Treated Group (n=220)

No Tamoxifen Treated Group (n=221)

Genotype # events/patients Ac(isj;gﬁ}:cé:-)iR Adjusted P # events/patients Adjustecé:—)"? (95% Adjusted P
A. Overall survival
rs3802604
AA 14/78 1.00 17/85 1.00
GA 19/105 1.09 (0.54-2.20) 0.82 31/100 1.56 (0.86-2.81) 0.14
GG 17/35 2.66 (1.31-5.43) 0.007 13/35 2.23 (1.08-4.60) 0.03
Per risk allele 1.66 (1.13-2.44) 0.009 1.50 (1.05-2.14) 0.03
r1s568727
CcC 13/76 1.00 14/82 1.00
AC 19/105 1.02 (0.50-2.06) 0.96 33/99 1.97 (1.05-3.71) 0.04
AA 18/37 2.89 (1.40-5.96) 0.004 14/40 2.28 (1.08-4.80) 0.03
Per risk allele 1.71 (1.15-2.54) 0.008 1.51 (1.07-2.14) 0.02
B. Disease-free survival
rs3802604
AA 21/78 1.00 28/85 1.00
GA 27/105 0.95 (0.53-1.70) 0.87 38/100 1.16 (0.71-1.89) 0.56
GG 22/35 2.59 (1.41-4.73) 0.002 15/35 1.53(0.81-2.87) 0.19
Per risk allele 1.62 (1.16-2.26) 0.005 1.22 (0.90-1.67) 0.2
rs568727
CcC 20/76 1.00 24/82 1.00
AC 28/105 0.98 (0.55-1.74) 0.94 40/99 1.43(0.86-2.39) 0.17
AA 22137 2.60 (1.41-4.82) 0.002 17/40 1.65 (0.88-3.07) 0.12
Per risk allele 1.60 (1.14-2.24) 0.007 1.29 (0.96-1.75) 0.09

Footnote: Hazard ratios (HRs), 95% confidence intervals (Cls) and p-values were derived from Cox hazard regression models with adjustment for
age at enrollment, race and ethnicity, and treatment arms. Estimates of per risk allele were derived from an additive genetic model by treating
genotypes as 0, 1 and 2 according to the copy number of risk allele. P-values < 0.001 were considered statistically significant to account for

multiple testing for 12 genetic variants in GATA3.
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Table 4.
Joint analysis of GATA3 single nucleotide polymorphisms and breast cancer outcomes in the S8897 trial and
Pathways Study
Genotype # events/patients  Adjusted HR (95% CI)  Adjusted P
A. Overall survival
rs3802604
AA 34/261 1.00
GA 44/368 0.98 (0.62-1.53) 0.92
GG 23/122 1.59 (0.94-2.71) 0.09
Per risk allele 1.23 (0.93-1.63) 0.15
rs568727
cc 39/290 1.00
AC 37/364 0.71 (0.45-1.11) 0.13
AA 25/96 1.86 (1.11-3.12) 0.02
Per risk allele 1.26 (0.94-1.68) 0.13
B. Disease-free survival
rs3802604
AA 52/261 1.00
GA 71/368 0.96 (0.67-1.38) 0.84
GG 33/122 1.49 (0.96-2.30) 0.08
Per risk allele 1.18 (0.94-1.49) 0.15
rs568727
cc 57/290 1.00
AC 66/364 0.85 (0.59-1.21) 0.37
AA 33/96 1.80 (1.16-2.79) 0.009
Per risk allele 1.25 (0.98-1.59) 0.07

Footnote: Hazard ratios (HRs), 95% confidence intervals (Cls) and p-values were derived from Cox hazard regression models with adjustment for
study, age at enrollment, race and ethnicity, and treatment arms. Estimates of per risk allele were derived from an additive genetic model by treating

genotypes as 0, 1 and 2 according to the copy number of risk allele.
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