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Learning Objectives Describe the results of genome-wide association studies (GWAS) that have identified genetic

variants associated with breast cancer risk.

Discuss whether genetic risk variants identified through genome-wide association studies (GWAS)
are also associated with breast cancer prognosis.

Describe molecular mechanisms through which germline genetic variants may influence breast
cancer survival.

KABSTRACT

Background. Several single-nucleotide polymorphisms

cancer events (25%) were identified among the 739 pa-

(SNPs) associated with breast cancer risk have been identified
through genome-wide association studies (GWAS). We inves-
tigated whether eight risk SNPs identified in GWAS were asso-
ciated with breast cancer disease-free survival (DFS) and
overall survival (OS) rates.

Patients and Methods. A cohort of 739 white women with
early-stage breast cancer was genotyped for eight GWAS-
identified SNPs (rs2981582, rs1219648 [FGFR2], rs3803662,
rs12443621, rs8051542 [TOX3], rs999737 [RAD51L1],
rs6504950[17q23], and rs4973768 [3p24]). Relationships be-
tween SNPs and breast cancer outcomes were evaluated
using Cox proportional hazard regression models. The cumu-
lative effects of SNPs on breast cancer outcomes were as-
sessed by computing the number of at-risk genotypes.
Results. At a median follow-up of 121 months (range: 188—
231 months) for survivors, 237 deaths (32%) and 186 breast

tients. After adjusting forage, clinical stage, and treatment,
rs12443621 (16q12; p = .03) and rs6504950 (17923; p =
.008) were prognostic for OS but not DFS. A higher risk for
death was also found in the multivariable analysis of pa-
tients harboring three or four at-risk genotypes of the
GWAS SNPs compared to patients carrying two or less at-
risk genotypes (hazard ratio: 1.60,95% confidence interval:
1.23-2.24; p = .0008).

Conclusion. The study results suggest that previously identi-
fied breast cancer risk susceptibility loci, rs12443621 (16q12)
and rs6504950 (17g23), may influence breast cancer progno-
sis or comorbid conditions associated with overall survival.
The precise molecular mechanisms through which these risk
SNPs, as well as others that were not included in the analysis,
influence clinical outcomes remain to be determined. The On-
cologist2013;18:493-500

Implications for Practice: Prior genome-wide association studies (GWAS) have identified rare genetic variations in individual’s
DNA (SNPs) that increase the risk of breast cancer. However, the role that these GWAS discovered SNPs play in determining sur-
vival afteradiagnosis of breast canceris not clear. Here, we found that two GWAS identified SNPs were associated with overall but
not breast cancer survival. Replication of these findings in different populations is needed to determine whether GWAS discov-
ered SNPs can be used to develop prognostic and therapeutic approaches for patients with breast cancer.

INTRODUCTION

Breast cancer is the most common female malignancy in the
United States and is the second leading cause of death from

cancer [1]. Despite the excellent 5-year overall survival rate of
83%—92% among women with stage land |l disease [2], the 10-
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year risk of recurrence is estimated at 20%—40% [3]. Tradi-
tional prognosticfactors, such astumor size, grade, and lymph
node metastasis status, are still the most important prognos-
tic factors for long-term survival in breast cancer, but less is
known about the effect of inherited genetic variation on re-
currence risk and overall disease-free survival rates.

Ithas been estimated that there are 7 million common sin-
gle-nucleotide polymorphisms (SNPs) in the human genome
(with minor allele frequency [MAF] of >5%) [4]. Recently sev-
eral genome-wide association studies (GWAS) [5—-14] have
identified multiple breast cancer susceptibility loci— of which
the majority are SNPs—that contribute a small effect on
breast cancerrisk [15]. Some of the GWAS-identified SNPs are
found to be at loci containing the genes FGFR2 (rs2981582,
rs1219648), LSP1 (rs3817198, rs2771439), MAP3K1
(rs726501, rs889312), TOX3/TOX3 (rs3803662, rs8051542),
MRPS30 (rs10941679, rs7705343), COX11 (rs10515083,
rs16955329, rs2787487), SLC4A7 (rs4973768), TGFB1
(rs1982073), or ESR1 (rs3020314), or at chromosomes 8p24
(rs13281615, rs283720) and 2935 (rs13387042,rs10169372).
Based on a recent meta-analysis and pooled analysis, which
addressed the associations between 145 gene variants and
breast cancer, rs2981582 represents the SNP in the FGFR2
gene with the strongest association with breast cancer [16].
What remains unclear is whether these genetic variants con-
tinue to influence the biology of the disease after diagnosis
and affect breast cancer survival. Although a number of stud-
ies have evaluated genetic polymorphismsin relation to prog-
nosis [17-29], no study has examined the relative risks for
breast cancer recurrence and death attributable to the re-
cently discovered eight risk SNPs (rs2981582, rs1219648,
rs3803662, rs12443621, rs8051542, rs999737, rs6504950,
rs4973768).

The list of the GWAS-identified SNPs is growing exponen-
tially. We selected eight risk SNPs that were identified based
onareview of the literature [6, 10-11, 23, 30]. We conducted
this retrospective analysis to elucidate a possible association
between the eight GWAS-identified SNPs and clinical out-
come of patients with early-stage breast cancer, adjusting for
known clinical and tumor prognostic factors. We hypothe-
sized that SNPs that are associated with increased breast can-
cer risk could be important genetic markers contributing to
poorer breast cancer outcome.

PATIENTS AND METHODS

The Early-Stage Breast Cancer Repository (ESBCR) is a retro-
spective cohort of 2,409 women diagnosed with American
Joint Committee on Cancer pathologic stage | or Il breast can-
cer and surgically treated (mastectomy or segmental mastec-
tomy) at MD Anderson Cancer Center (MDACC) between 1985
and 2000. Criteria for eligibility and cohort details have been
previously described [31]. Briefly, the ESBCR contains detailed
information on patient (ethnicity, age, menopausal status)
and tumor (clinical and pathological stage, estrogen receptor
[ER] and progesterone receptor [PR] status, nuclear grade)
characteristics, chemotherapy and endocrine treatment, ra-
diation and surgery type (segmental mastectomy, mastec-
tomy), and epidemiological risk factors, including family
history [FH] of breast cancer in at least one first- or second-
degree relative. Follow-up information was obtained by di-
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Table 1. Patient demographic and disease characteristics

Characteristic n (%)
No. of patients 739
Age at diagnosis
<50yrs 312 (42.2)
=50yrs 427 (57.8)
Family history of breast cancer
No 579 (78.3)
Yes 150 (20.3)
Unknown 10 (1.4)
Pathological stage
Stage | 211 (28.5)
Stage ll 528 (71.5)
ER and PR status
Negative 174 (23.5)
Positive 528 (71.4)
Unknown 20 (5.1)
Nuclear grade
Grade 74 (10)
Gradelll 395 (53.5)
Gradelll 235 (31.8)
Unknown 35 (4.7)
Treatment type
Chemotherapy only 243 (32.9)
Endocrine therapy only 188 (25.4)
Chemotherapy and endocrine therapy 147 (19.9)
None 158 (21.4)
Unknown 3(0.4)
Year of diagnosis
1985-1990 206 (27.9)
1991-1995 241 (32.6)
1996-2002 292 (39.5)

Abbreviations: ER, estrogen receptor, PR, progesterone receptor.

rect review of the medical records and linkage to the
MDACC Tumor Registry, which mails annual follow-up let-
ters to each registered patient who is known to be alive to
determine their clinical status. The MDACC Tumor Registry
checks the U.S. Social Security death index and the Texas
Bureau of Vital Statistics for the status of patients who fail
torespond to the letters.

We selected a subset of the ESBCR population with avail-
able formalin-fixed paraffin-embedded normal lymph nodes
or blood samples available for DNA extraction for participa-
tion in the genotyping project. The subset of the ESBCR popu-
lation was enriched to include all black (n = 196) and Hispanic
patients (n = 208) and arandom sample of white patients (n =
986). Because of the small percentage of patients from other
ethnic groups, we included only white patients in the study
analyses. A total of 247 white patients were excluded from
study analysis because of DNA extraction or genotyping fail-
ure (n = 251) or insufficient clinical information (n = 6). Pa-
tients excluded from the analysis for sample failure were more
likely to be diagnosed during 1985—-1994 versus 1995-2000
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Table 2. Univariate association of single-nucleotide polymorphisms with disease-free and overall survival times
Disease-free survival Overall survival
Single-nucleotide No. of patients No. of patients
polymorphism (events) HR (95% Cl) pvalue (events) HR (95% Cl) pvalue
rs2981582°2 (FGFR2)
GG 210 (53) 1.0 (reference) 210 (53) 1.0 (reference)
AG 360 (98) 1.1(0.7-1.5) .545 360 (98) 1.2(0.9-1.7) .103
AA 153 (33) 0.9 (0.5-1.3) .645 153 (33) 0.8(0.5-1.2) .306
AG/AA 513 (132) 1.0(0.7-1.4) 772 513 (132) 1.1(0.8-1.5) 372
GG/AG 570 (152) 1.0 (reference) 570 (152) 1.0 (reference)
AA 153 (33) 1.0(0.7-1.4) 382 153 (33) 0.6 (0.4-0.9) .040
rs1219648° (FGFR2)
AA 205 (52) 1.0 (reference) 205 (52) 1.0 (reference)
AG 350 (95) 1.0(0.7-1.5) 676 350 (95) 1.1(0.8-1.5) 405
GG 154 (34) 0.9(0.5-1.3) 647 154 (34) 0.7 (0.5-1.1) 216
AG/GG 504 (129) 1.0(0.7-1.4) 886 504 (129) 0.8(0.7-1.3) .860
AA/AG 555 (147) 1.0 (reference) 555 (147) 1.0 (reference)
GG 154 (34) 0.8(0.5-1.2) 440 154 (34) 0.7 (0.4-1.0) .062
rs3803662? (TOX3)
GG 339 (85) 1.0 (reference) 339 (85) 1.0 (reference)
AG 312 (78) 1.0(0.7-1.4) 768 312 (78) 0.8 (0.6-1.0) 191
AA 64 (19) 1.2 (0.7-2.1) 322 64 (19) 0.8(0.5-1.4) 652
AG/AA 376 (97) 1.0(0.8-1.4) 577 376 (97) 0.8 (0.6-1.0) .200
GG/AG 641 (163) 1.0 (reference) 641 (163) 1.0 (reference)
AA 64 (19) 1.2(0.7-2.0) .343 64 (19) 0.9 (0.6-1.5) .922
rs12443621° (TOX3)
AA 172 (46) 1.0 (reference) 172 (46) 1.0 (reference)
AG 379 (89) 0.8(0.6-1.2) 474 379 (89) 0.7 (0.5-0.9) 810
GG 162 (46) 1.0(0.7-1.6) .680 162 (46) 0.7 (0.5-1.0) 120
AG/GG 541 (135) 0.8(0.6-1.1) .309 541 (135) 0.7 (0.5-0.9) .022
AA/AG 551 (135) 1.0 (reference) 551 (135) 1.0 (reference)
GG 162 (46) 1.0(0.7-1.4) 718 162 (46) 0.9 (0.6-1.2) 712
rs80515422 (TOX3)
GG 225 (53) 1.0 (reference) 225 (53) 1.0 (reference)
AG 341 (96) 1.2 (0.8-1.7) 197 341 (96) 0.8(0.6-1.1) 228
AA 148 (32) 0.9(0.5-1.4) .709 148 (32) 0.7 (0.5-1.1) .180
AG/AA 489 (128) 1.1(0.8-1.5) 407 489 (128) 0.8 (0.6-1.0) .148
GG/AG 566 (149) 1.0 (reference) 566 (149) 1.0 (reference)
AA 148 (32) 0.8(0.5-1.1) 257 148 (32) 0.8(0.6-1.2) 385
rs9997372 (RAD51L1)
GG 425 (109) 1.0 (reference) 425 (109) 1.0 (reference)
AG 266 (69) 0.9(0.7-1.2) 761 266 (69) 1.1(0.8-1.4) 383
AA 31(7) 0.8(0.4-1.9) 771 31(7) 1.3(0.7-2.4) 341
AG/AA 297 (76) 0.9(0.7-1.2) 723 297 (76) 1.1(0.8-1.4) 302
GG/AG 691 (178) 1.0 (reference) 691 (178) 1.0 (reference)
AA 31(7) 0.9(0.4-1.9) 796 31(7) 1.2(0.7-2.3) 418
(continued)

and were also more likely to have stage | versus stage Il dis-
ease. The final study analysis consisted of 739 patients with
breast cancer. The study was approved by the MD Anderson
Cancer Center Institutional Review Board.

SNP Selection and Genotyping

We reviewed the literature and selected eight SNPs that were
identified as novel breast cancer susceptibility loci by GWAS
based onthe available literature at the time of genotype anal-
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Table 2. (continued)

Disease-free survival

Overall survival

Single-nucleotide No. of patients

No. of patients

polymorphism (events) HR (95% CI) pvalue (events) HR (95% Cl) pvalue
rs6504950? (17q23)
GG 400 (100) 1.0 (reference) 400 (100) 1.0 (reference)
AG 265 (67) 1.0(0.7-1.3) 916 265 (67) 0.9 (0.6-1.1) 476
AA 57 (16) 1.2 (0.7-2.1) 419 57 (16) 1.7 (1.1-2.6) .010
AG/AA 322 (83) 1.0(0.7-1.4) 724 322 (83) 1.0(0.7-1.3) .815
GG/AG 665 (167) 1.0 (reference) 665 (167) 1.0 (reference)
AA 57 (16) 1.2 (0.7-2.0) 421 57 (16) 1.7 (1.1-2.6) .004
rs4973768" (3p24)
AA 186 (42) 1.0 (reference) 186 (42) 1.0 (reference)
AG 356 (92) 1.1(0.7-1.6) 514 356 (92) 0.9(0.7-1.3) .909
GG 178 (50) 1.2 (0.8-1.8) 360 178 (50) 0.8(0.5-1.2) 456
AG/GG 534 (142) 0.8(0.6-1.2) 507 534 (142) 1.1(0.8-1.5) 409
AA/AG 542 (134) 1.0 (reference) 542 (134) 1.0 (reference)
GG 178 (50) 0.8(0.6-1.2) 407 178 (50) 1.0(0.7-1.4) 704

aFor each single-nucleotide polymorphism except rs1219648, rs12443621, rs4973768: AA, minor allele homozygote; AG, heterozygote; GG, major

allele homozygote.

bFor single-nucleotide polymorphism rs1219648, rs12443621, rs4973768: GG, minor allele homozygote; AG, heterozygote; AA, major allele homozygote.

Abbreviations: Cl, confidence interval; HR, hazard ratio.

Table 3. Multivariate Cox proportional hazards model for overall survival in study cohort

Variables HR 95% ClI pvalue
rs6504950 AA vs. AG+GG (reference) 1.77 1.15-2.73 .008
rs12443621 AG+GG vs. AA (reference) 0.72 0.53-0.78 .035
Pathological stage: Stage Il vs. stage | 2.08 1.45-2.96 <.001
Age at diagnosis: =50 yrs vs. <50yrs 1.33 0.95-1.85 .09
Treatment type

None vs. chemotherapy only 0.50 0.34-0.75 <.001

None vs. endocrine therapy only 0.62 0.43-0.90 .01

None vs. chemotherapy and endocrine therapy 0.40 0.24-0.68 <.001

Abbreviations: Cl, confidence interval; HR hazard ratio.

ysis [6, 10—11, 23, 30, 32]. All selected SNPs were within genes
or linkage disequilibrium (LD) blocks containing genes (10q26-
rs2981582, rs1219648 [FGFR2]; 16012-rs3803662, rs12443621,
rs8051542 [TOX3]; 14q24-rs999737 [RAD51L1]; 17q23-
rs6504950 [COX11]; 3p24-rs4973768 [SLC4A7]) based on the
data from the International HapMap Project (www.hapmap.
org, version 23). All SNPs met the following criteria: minor al-
lele frequency (MAF) of =0.05, Illumina design score > 0.4,
and r? = 0.8 for binning.

Genotyping of the eight selected SNPs was performed on
the lllumina GoldenGate platform (lllumina Inc., San Diego,
CA, http://www.illumina.com) as part of a larger array of
1,536 SNPs of other candidate genes. Briefly, genomic DNA
was extracted from peripheral blood using the QlAamp DNA
Blood Mini kit (Qiagen, Valencia, CA, http://www.qgiagen.
com) according to the manufacturer’s protocol [33]. Genomic
DNA was extracted from normal formalin-fixed, paraffin-em-
bedded (FFPE) tissue using the appropriate protocol in the
PicoPure DNA extraction kit (Applied Biosystems, Foster City,
CA, http://www.appliedbiosystems.com) [34]. The call rates

©AlphaMed Press 2013

forthe fixed FFPE samples and non-FFPE samples were 92%
and 99%, respectively. Blinded duplicate samples (5%)
were included in the array platform, and the duplication
concordance was 100%. All genotypinginformation was an-
alyzed and exported using the GenomeStudio software (lI-
lumina).

Statistical Analysis and Outcome Measures

Disease-free survival (DFS) was defined as the elapsed time
between the date of initial treatment until the first date of
documented disease recurrence or death by breast cancer.
Overall survival (OS) was calculated from the date of initial
treatment until the date of death from any cause. Clinical vari-
ables included age, stage, ER/PR status, treatment (chemo-
therapy and/or endocrine therapy), and FH of breast cancer.
Foreach SNPand clinical variable, including age, family history
of breast cancer, stage, ER/PR status, nuclear grade, treat-
ment type, year of diagnosis, and surgery type (mastectomy
and lumpectomy), univariable Cox proportional hazard re-
gression analysis was used to identify the association with DFS
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Kaplan-Meier plot of overall survival by number of risk genotypes
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Figure 1. Kaplan-Meier plot of overall survival by number of at-
risk genotypes.

and OS. Because this was an exploratory study, no adjust-
ments for multiple testing were performed [35].

The genetic and clinical variables that were possibly re-
lated to survival outcomes by univariable analysis (p = .1)
were thenincluded into a multivariable Cox proportional haz-
ard regression model. In the process of fitting the multivari-
able Cox regression model, a backward selection was used
with a p value =.05 for the likelihood ratio test. Age at diagno-
sis was retained in the multivariable model, given its impor-
tance in determining survival. Interactions between the SNPs
and hormone receptor (ER+ or PR+ versus ER— and PR—)
and treatment (none, chemotherapy alone, endocrine ther-
apy alone, chemotherapy, and endocrine therapy) statuses
were assessed using the likelihood ratio test (p < .05), com-
paring the model including an interaction term with the re-
duced model without the interaction term. Furthermore, the
cumulative effects of SNPs were assessed by computing the
number of at-risk genotypes based on the results from the uni-
variable analyses. The median survival time was estimated us-
ing Kaplan-Meier methods, and the log-rank analysis was used
to compare survival between the at-risk genotype groups.
Hazard ratios (HRs) and their 95% confidence intervals (Cls)
were estimated for all associations between SNPs, clinical
variables, and survival outcomes. Finally, we produced a re-
cursive partitioning tree to evaluate higher order interactions
between clinical variables and SNPs. Statistical analyses were
carried out using SAS version 9.1 (SAS Institute, Cary, NC,
http://www.sas.com) and R (http://www.r-project.org).

RESULTS

Patient demographic and clinical characteristics are summarized
inTable 1. Ata median follow-up of 121 months (range: 188231
months) for survivors, 237 deaths (32%) and 186 breast cancer
events (25%) were identified among the 739 patients. The me-
dian OS was 217 months. The majority of patients were post-
menopausal (57%) and had stage |l disease (72%). Approximately
20% of patients did not receive any systemic treatment for their
disease and 25% received endocrine therapy alone. There was
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minimal missing data for the cohort, ranging from 5.1% for ER/PR
status to 0.4% for systemic treatment.

Univariable Associations Between SNPs and Breast
Cancer Outcomes

In this cohort of women with a history of early-stage breast
cancer, the genotype distributions of eight SNPs were in
agreement with Hardy-Weinberg equilibrium. In univariable
analysis, none of the SNPs were associated with DFS (Table 2).
Significant associations were observed for OS for four SNPs
(rs2981582, rs1219648, rs12443621, rs6504950). Homozy-
gous carriers for the minor alleles for rs2981582 and
rs1219648 had a decreased risk for death (HR AA vs. GG/AG:
0.6,95% Cl: 0.47—-0.98, p = .040; HR GG vs. AA/AG: 0.70, 95%
Cl: 0.49-1.01). In addition, a decreased risk of death was ob-
served among patients homozygous for the minor alleles for
rs121443621 in the dominant model (HR GG vs. AA/AG: 0.70,
95% Cl:0.53—-0.95, p = .022). In contrast, OS was worse for ho-
mozygous carriers of the minor A allele for rs6504950 both in
the codominant model (HRAAvs. GG:1.70,95% Cl: 1.13-2.61,
p =.01)andthe dominantmodel (HR AAvs. GG/AG:1.70,95%
Cl:1.19-2.68, p = .004). The otherinvestigated SNPs were not
associated with OS.

Multivariable Associations Between SNPs and Breast
Cancer Outcomes

In multivariable models adjusted for age, ER/PR status, stage,
and treatment type, we found two SNPs, rs12443621 and
rs6504950, which were independent prognostic markers for
0S. Compared with the GG/AG reference group, homozygous
carriers of minor A allele for rs6504950 had a higher risk for
death (HR: 1.77,95% Cl: 1.15-2.73, p = .008). Compared with
the AA reference group, homozygous carriers for the AG/GG
forrs12443621 had a decreased risk for death (HR: 0.72, 95%
Cl:0.53-0.78, p = .035). In addition, stage Il disease was asso-
ciated with a worse OS (HR: 2.08,95% Cl: 1.45-2.96, p < .001)
compared to patients with stage | disease, and patients who
received chemotherapy and/or endocrine therapy had a bet-
ter OS (Table 3) than patients who did not receive systemic
treatment. We performed a stratified multivariable analysis
to explore the relationship between prognostic SNPs and
ER/PR tumor status. The increased risk of death associated
with the SNP rs6504950 was seen predominately among pa-
tients with ER- or PR-positive tumors (p < .001) compared to
patients with ER-negative and PR-negative tumors (p = .30;
data not shown). However, the test for interaction between
SNPsrs12443621,rs6504950, and ER/PR status on overall sur-
vival was not statistically significant. There was no evidence of
interaction by treatment status (data not shown).

We investigated the cumulative effect of carrying at-risk
genotypes for the four SNPs significantly associated with OSin
the univariable analysis. We categorized patients into two
groups (=2 vs. 3—4 at-risk genotypes) and used patients car-
rying =2 at-risk genotypes as the reference group. Kaplan-
Meier analysis revealed statistical significant differencesin OS
according to the number of at-risk genotypes (log-rank p =
.004; Fig. 1). In multivariable analysis, after adjusting for signif-
icant clinical variables, a higher risk for death was found in the
subcohort of patients harboring 3—4 at-risk genotypes com-
paredto patients carrying =2 at-risk genotypes (HR: 1.60,95%
Cl: 1.23-2.24, p = .0008; Table 4).

©AlphaMed Press 2013
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Table 4. Multivariate Cox proportional hazards model for overall survival by number of at-risk genotypes in study cohort

Variables HR 95% Cl p value
Single-nucleotide polymorphisms: 3—4 vs. =2 1.66 1.23-2.24 .0008
Age at diagnosis: =50 yrs vs. <50 yrs 1.35 0.97-1.88 .073
Pathological stage: Stage Il vs. stage | 2.14 1.49-3.05 <.001
Treatment type
None vs. chemotherapy only 0.50 0.34-0.75 .007
None vs. endocrine therapy only 0.62 0.43-0.91 .01
None vs. chemotherapy and endocrine therapy 0.40 0.24-0.68 <.0005

Abbreviations: Cl, confidence interval; HR hazard ratio.

DiscussioN

We evaluated the possible relation between eight GWAS-
identified SNPs and breast cancer outcomes in a large cohort
of women with early-stage breast cancer. Two GWAS risk
SNPs, rs12443621(16q12) and rs6504950 (17¢23), were asso-
ciated with OS, independent of clinical factors. Furthermore,
we observed that the risk SNPs (rs2981582, rs1219648,
rs12443621, rs6504950) in univariable analysis appeared to
act in a codominant (additive) fashion, with mortality risk in-
creasing with the number of at-risk genotypes. To our knowl-
edge, our study is the first to identify the association of these
polymorphisms and OS and breast cancer DFS. Replication of
our findings in larger study sets and validation is needed be-
fore these SNPs can be considered for prognostic risk stratifi-
cation of patients with breast cancer.

Recent GWAS have identified several SNPs in novel inde-
pendent loci as markers of breast cancer susceptibility in pop-
ulations of diverse ethnicity [5, 36]. The rs12443621
prognostic SNP has been identified in an LD block containing
the 59 end of the trinucleotide repeat containing 9 (TOX3)
gene, located at chromosome 16q12 [5]. The function of the
TOX3 gene is unclear; however, it contains a putative high-
mobility group box motif, suggesting that it may act as a tran-
scription factor [8]. Of the three polymorphisms identified in
the TOX3 gene (rs3803662, rs12443621, and rs8051542) [37],
SNP rs3803662 exhibited a stronger association with breast
cancer risk in white individuals [5, 32, 38], whereas Chinese
[36, 39] studies have showed no association between the
rs12443621 or rs3803662 alleles and breast cancer risk [5,
32, 36, 38-39]. Therefore, the clinical relevance of SNP
rs12443621 remains unknown. It is not clear why rs12443621
is associated with a decreased OS in this study population. It
has been pointed out that genes do not generally actin a sim-
ple additive manner but through complex networks involving
gene-gene and gene-environment interactions [40]; there-
fore, itis possible that a minor homozygous genotype or allele
associated with increased breast cancer risk may have gene-
gene or gene-environment interactions that yield an opposite
effect onsurvival. The other prognosticSNP rs6504950liesina
300-kb LD block on 17923 [11]. Cytochrome C assembly pro-
tein 11 (COX11), approximately 10 kb upstream of rs6504950)
is the potential causative gene as suggested by the higher lev-
els of COX11 expression in lymphocytes in the HapMap sam-
ples (p = .000014) [41]. Of interest, both rs12443621A/G [8,
11, 36] and rs6504950 [42] showed a stronger association
with risk of ER-positive than ER-negative breast tumors in
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those studies. We found that the SNP rs6504950 was associ-
ated with a twofold increased risk of death predominately
among patients with ER/PR-positive tumors, but the test for
interaction was not statistically significant.

There have been anincreasing number of epidemiological
studies examining the effects of SNPs on cancer outcomes us-
ing a candidate gene approach [17-21, 43—44]. These studies
have provided insights into the molecular mechanisms
through which germline SNPs may influence breast cancer
survival [19-20, 22, 24-26, 41, 43, 45—48]. To date, the func-
tionalrole of the germline polymorphismsinthe 16q12 (TOX3)
and 17923 loci is unknown. Smid et al. [49] identified a 69
panel of genesfound in tumor DNA relevant to bone metasta-
sis in breast cancer; among those, increased expression of
TOX3 was found to be a predictive factor. In prior studies, in-
creased copy numbers of 17923 chromosomal region have
been associated with tumor progression and with poor prog-
nosis in breast cancer [50-52]. Inaki et al. [53] found that 41%
(28/69) of breast cancer tumors in their series showed evi-
dence of gene amplification at 17923 locus. Expression of re-
current fusion gene transcript (RPS6KB1-VMP1) created by a
tandem duplicationinthe 17923 locus showed a trend toward
correlation (p = .06) with poor DFS. In our study, germline
SNPsinthe 16g12 and 1723 loci did not influence breast can-
cer DFS but played a significant role in OS among a favorable
prognostic group of older patients with breast cancer who did
not receive chemotherapy.

Several limitations of this study should be acknowledged.
First, the number of SNPs tested was limited to eight, which is
not a comprehensive evaluation of the association between
GWAS-identified risk SNPs and breast cancer prognosis. The
study was exploratory and we did not adjust for multiple test-
ing; therefore, some of our findings may be due to chance. In
addition, the sample size was too small to definitively evaluate
for breast cancer outcomes according to ER and PR status or
systemic treatment received. In addition, the sample size was
too small to definitively evaluate for breast cancer outcomes
according to breast tumor subtypes. The Breast Cancer Asso-
ciation Consortium has taken the first step in investigating
GWAS-identified susceptibility loci in relation to risk of devel-
oping specific breast tumor subtypes; however, information
on outcomes is not yet available.

In addition, the ESBCR cohort represents a select group of
white women with early-stage disease treated exclusively ata
single institution, limiting generalizability of the findings to all
patients with breast cancer. Azzatto et al. performed a GWAS
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of prognosis in patients with breast cancer enrolled in the
Nurses’ Health Cohort and found no genetic variants associ-
ated with breast cancer-specific death. However, that study
had few breast cancer deaths (n = 92) and may have been un-
derpowered in the discovery analysis to detect SNPs with
modest effects [54]. Similarly, in our study we found no asso-
ciation with breast cancer DFS, but there was an association
with OS. The reasons for this specific association are unclear
but suggest that any additional biological effect of the genetic
variants may be explained by influences on host comorbid
conditions, lifestyle factors, or environmental factors that
contribute to mortality.

The GWAS have identified several common SNPs that con-
vey breast cancer risk, but it is unclear whether these genetic
variants continue to influence the biology of the disease after
diagnosis. In our study, we found a significant association be-
tween two GWAS-identified SNPs 16g12 (TOX3) and 1723
lociand OS in a cohort of patients with early-stage breast can-
cer; however, they were not associated with breast cancer
DFS. The reasons for the specific associations are unclear but
suggest that any additional biological effect of the genetic
variants may be explained by influences on host comorbid
conditions, lifestyle factors, or environmental factors that
contribute to mortality. These findings provide supportforthe
hypothesis that SNPs in these loci may be biologically impor-
tant and may be promising targets for diagnostic, prognostic,
and therapeutic approaches. These results need confirmation
in independent cohorts. Future studies that evaluate the

prognostic relationship of these SNPs by breast cancer sub-
type and type of treatment received may provide additional
information that could be used to individualize the care of pa-
tients with breast cancer.
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