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Background Traditional prognostic factors for survival and treatment response of patients with breast cancer do not fully
account for observed survival variation. We used available genotype data from a previously conducted two-
stage, breast cancer susceptibility genome-wide association study (ie, Studies of Epidemiology and Risk factors
in Cancer Heredity [SEARCH]) to investigate associations between variation in germline DNA and overall

survival.

Methods We evaluated possible associations between overall survival after a breast cancer diagnosis and 10621 ger-
mline single-nucleotide polymorphisms (SNPs) from up to 3761 patients with invasive breast cancer (including
647 deaths and 26978 person-years at risk) that were genotyped previously in the SEARCH study with high-
density oligonucleotide microarrays (ie, hypothesis-generating set). Associations with all-cause mortality were
assessed for each SNP by use of Cox regression analysis, generating a per rare allele hazard ratio (HR). To val-
idate putative associations, we used patient genotype information that had been obtained with 5’ nuclease
assay or mass spectrometry and overall survival information for up to 14096 patients with invasive breast can-
cer (including 2303 deaths and 70019 person-years at risk) from 15 international case-control studies (ie, valida-
tion set). Fixed-effects meta-analysis was used to generate an overall effect estimate in the validation dataset
and in combined SEARCH and validation datasets. All statistical tests were two-sided.

Results In the hypothesis-generating dataset, SNP rs4778137 (C>G) of the OCA2 gene at 15g13.1 was statistically signif-
icantly associated with overall survival among patients with estrogen receptor-negative tumors, with the rare G
allele being associated with increased overall survival (HR of death per rare allele carried = 0.56, 95% confidence
interval [Cl] = 0.41 to 0.75, P = 9.2 x 107%). This association was also observed in the validation dataset (HR of
death per rare allele carried = 0.88, 95% Cl = 0.78 to 0.99, P =.03) and in the combined dataset (HR of death per

rare allele carried = 0.82, 95% Cl = 0.73 t0 0.92, P=5 x 107%).

Conclusion The rare G allele of the OCA2 polymorphism, rs4778137, may be associated with improved overall survival

among patients with estrogen receptor-negative breast cancer.

J Natl Cancer Inst 2010;102:650-662

Breast cancer is the most common malignancy in women (1).
Opverall, prognosis is generally good, with a 5-year breast cancer—
specific survival rate of more than 80% in England and Wales
(http://www.statistics.gov.uk); however, breast cancer survival can
vary considerably. This variation can be partially explained by
established prognostic and predictive indicators, which include
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clinical stage at diagnosis (that is based on tumor size, lymph node
status, and presence of metastasis) and related tumor characteris-
tics, such as histopathologic grade and hormone receptor status
(2). We (3) and others (4) have hypothesized that germline genetic
variation might provide additional prognostic information by con-
tributing to both tumor and host heterogeneity.
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Various evidence support the role of inherited factors in breast
cancer prognosis. For example, in mice, mammary tumor progres-
sion differs according to strain (5), and results from murine models
have implicated germline polymorphisms as potential markers of
metastasis risk and prognosis (6). A Swedish population-based
cohort study (7) reported evidence of heritability of breast cancer—
specific mortality. Previous research by our group (8-13) and
others (14-16) has identified additional common germline genetic
polymorphisms that are associated with breast cancer—specific and/
or overall survival. Furthermore, a functional, homozygous
common missense polymorphism of NQOI*2 (rs1800566) that
disables NQO1 protein activity has been associated with breast
cancer prognosis and also with response to anthracycline therapy
(17). However, these studies have focused on candidate polymor-
phisms and genes, which are often chosen initially as candidate
breast cancer susceptibility genes. This approach is limited by our
incomplete knowledge of breast tumor biology and often ignores
genetic variants that are not implicated in breast cancer
susceptibility.

Identification of novel common germline genetic markers of
breast cancer prognosis has the potential to help to elucidate
mechanisms of tumor progression and metastasis and the role of
the genome in tumor characteristics (such as tumor grade and
hormone receptor status) and to improve understanding of tumor—
host interactions and the host immune response. This research
also has the potential to identify markers for risk of metastasis and
relapse, determinants of treatment response, and indicators for the
targeting of unique therapies (3).

We recently performed a two-stage genome-wide association
study of breast cancer susceptibility among 4398 case patients with
breast cancer and 4316 control subjects. In the first stage, we used
a panel of 266722 single-nucleotide polymorphisms (SNPs) se-
lected to tag the majority of known common SNPs in the human
genome. In the second stage, we selected 12 711 SNPs on the basis
of the statistical significance of the difference in genotype frequency
between case patients and control subjects. This second stage was
then followed by a third stage that evaluated the 30 most statisti-
cally significant SNPs in 21860 case patients and 22578 control
subjects from 22 studies (18). In that study, we identified SNPs at
five loci (10q26.13, 16q12.1, 5q11.2, 11p15.5, and 8q24.3) that
were associated with risk of breast cancer.

In this study, we investigated whether common germline ge-
netic variants (SNPs with a minor allele frequency of >5%) were
associated with overall survival after a diagnosis of breast cancer.
We included 10621 of the 12711 SNPs that were genotyped for
patients in stage II of the genome-wide association study (18),
hypothesizing that these SNPs, some of which may be associated
with susceptibility, may also be associated with tumor behavior and
prognosis. We used available follow-up and genotype information
for 3761 patients with invasive breast cancer who were partici-
pating in the Studies of Epidemiology and Risk Factors in Cancer
Heredity (SEARCH) breast cancer study, a population-based
cohort study (19) as the hypothesis-generating dataset. The most
statistically significant associations were then analyzed in a valida-
tion dataset including 14096 patients with breast cancer from 15
international case—control studies (10,17,20-41) that participated
in the Breast Cancer Association Consortium (BCAC).

jnci.oxfordjournals.org

CONTEXT AND CAVEATS

Prior knowledge

Traditional prognostic factors for survival and treatment response
of patients with breast cancer do not fully account for observed
variations in survival.

Study design

Genotype data from a previously conducted, two-stage, breast
cancer susceptibility genome-wide association study were used as
the hypothesis-generating dataset to identify additional genes that
were associated with overall survival. Data from 15 international
case—control studies of breast cancer patients were used as the
validation dataset.

Contribution

A single-nucleotide polymorphism of the OCA2 gene was found in
the hypothesis-generating dataset to be statistically significantly
associated with overall survival among patients with estrogen
receptor-negative tumors, with the rare G allele being associated
with increased overall survival. This association was also observed
in the validation dataset and in the combined hypothesis-generating
and validation dataset.

Implications

The rare G allele of the OCA2 gene may be associated with
improved survival among patients with estrogen receptor-negative
breast cancer.

Limitations

The observed association among patients with estrogen receptor—
negative tumors did not reach nominal genome-wide statistical
significance. A false-positive association caused by confounding
cannot be ruled out. Treatment data were not available for most
patients in this study. The power to detect associations was
modest.

From the Editors

Patients, Materials, and Methods
Patients With Breast Cancer

Hypothesis-Generating Dataset. The hypothesis-generating set
was a convenience sample of breast cancer patients from the
SEARCH study who had both follow-up data and genotype data
from the second stage of the breast cancer susceptibility genome-
wide association study. The SEARCH breast cancer study (19) is an
ongoing population-based study of women who were diagnosed
with breast cancer in the region of England included in the Eastern
Cancer Registration and Information Centre (formerly the East
Anglian Cancer Registry). The study started on July 1, 1996.
Eligible participants included women who were diagnosed with
invasive breast cancer and who were either 1) younger than 70 years
at the beginning of the study (ie, patients considered incident cases
of breast cancer) or 2) aged 55 years or younger on January 1, 1991,
and alive at the beginning of this study (ie, patients considered
prevalent cases of breast cancer). Because of boundary changes,
some cases of breast cancer that were diagnosed before 1995 were
identified in the North Thames Cancer Registry. The Eastern
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Cancer Registration and Information Centre and the North
Thames Cancer Registry have active follow-up at years 3 and 5
after diagnosis and then at 5-year intervals thereafter. All partici-
pants in the study provided informed consent, and the study was
approved by the Eastern Multicentre Research Ethics Committee.

Follow-up and vital status information was obtained by search-
ing hospital information systems for recent visits. If a patient did
not have a recent visit, the patient’s general practitioner was con-
tacted to obtain the vital status. Flagging of death certificates
through the Office of National Statistics also provided the regis-
tries with notification of deaths (ie, all-cause mortality). All patients
who were still alive at the end of the study were censored on
November 30, 2006. Breast cancer—specific mortality was defined
as a death for which breast cancer was listed as the cause of death
on the death certificate. All-cause mortality was chosen as the end-
point of interest because most validation studies (see below) had
information only on all-cause mortality. Breast cancer-specific
mortality in the SEARCH hypothesis-generating dataset was used
to confirm that effect sizes of breast cancer mortality were consis-
tent for SNPs chosen for further study in the validation dataset.
TNM (42) stage (I, IL, III, or IV), which is based on tumor size,
number of positive lymph nodes, and the presence of distant
metastasis (42), and histopathologic grade (well differentiated,
moderately differentiated, or poorly differentiated) were obtained
through Eastern Cancer Registration and Information Centre.
Estrogen receptor (ER) status was determined on paraffin-embedded
breast tumor sections by immunohistochemistry with monoclonal
antibodies against the ER (Novocastra clone 6F11; Leica
Microsystems Ltd, Milton Keynes, UK). The Allred system (43)
was used for scoring, with scores of greater than 2 being consid-
ered positive. We included 3761 patients with invasive breast
cancer from the SEARCH study who had both follow-up informa-
tion and genotyping data from the second stage of the breast can-
cer susceptibility genome-wide association study (18) (Table 1).
Genotype was determined by use of genomic DNA isolated from
blood. Patients in the SEARCH dataset provided 26978 person-
years at risk; there were 647 deaths from any cause, of which 518
were breast cancer—specific deaths, within 15 years after diagnosis.
Mean age at diagnosis was 52 years (standard deviation [SD] = 8.7
years). Stage data were available for 3683 (98%) of the 3761
SEARCH patients, histopathologic grade was available for 3033
(81%), and ER status was available for 2480 (66%). More than
99% of the patients in the SEARCH dataset were of European
ancestry. Information on surgery, chemotherapy, endocrine
therapy, and radiation therapy was available for 3702 patients
(97%). Of those with available information, 3378 (91%) under-
went surgery, 2674 (72%) received radiotherapy, 772 (21%)
received combined chemoendocrine therapy, 1811 (50%) received
endocrine therapy only, and 430 (12%) received chemotherapy
only.

Validation Dataset. For the validation set, we identified 14096
patients with invasive breast cancer through 15 case—control studies
(10,17,20-41) from Europe, North America, and Australia,
whose research groups participated in the BCAC (Supplementary
Table 1, available online). All BCAC studies with available patient
follow-up information were used in this analysis. Recruitment for
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Table 1. Characteristics of patients with available follow-up infor-
mation in the Studies of Epidemiology and Risk factors in Cancer
Heredity (SEARCH) study who were included in stage Il of the
breast cancer susceptibility genome-wide association study*

Variable Value

Total No. of patients 3761

Total time at risk, person-years 26978.54

Median follow-upT (range), y 8.45 (0.47-15)

Median time at risk (range), y 7.45 (0.04-11.48)

Median time from diagnosis to 1.15 (0-11.74)
study entry (range), y

No. of deaths 647

Annual mortality rate (95% Cl)
5-y overall survival rate (95% ClI)

0.024 (0.022 to 0.026)
0.88 (0.87 to 0.89)

Mean age at diagnosis (range), y 52 (23-69)
Age at diagnosis, No. (%)
<35y 122 (3.24)
35-49y 1331 (35.39)
50-64 y 2030 (53.98)
65-74y 278 (7.39)
Histopathologic grade, No. (%)
Well differentiated 729 (19.38)
Moderately differentiated 1433 (38.10)
Poorly differentiated 871 (23.16)
Unknown 728 (19.36)
Morphological type, No. (%)
Ductal 2777 (73.84)
Lobular 564 (15.00)
Other 386 (10.26)
Unknown 34 (0.90)
Clinical stage, No. (%)
| 1850 (49.19)
Il 1677 (44.59)
I or IV 156 (4.15)
Missing 78 (2.07)
ER status, No. (%)
Positive 1982 (52.70)
Negative 498 (13.24)
Missing 1281 (34.06)

* Cl = confidence interval, ER = estrogen receptor.

1t Follow-up censored at 15 years.

these studies began as early as 1990; some studies are still recruiting
patients (Supplementary Table 1, available online). All 15 studies
had information on disease status, vital status (all-cause mortality),
length of follow-up, time from diagnosis to study entry (if appli-
cable), and age at diagnosis and/or enrollment. Patients in the
BCAC validation dataset provided 70019 person-years at risk;
there were 2303 deaths from any cause within 15 years after diag-
nosis. More than 99% of patients in the validation set were of
European origin for all studies, except for those in the University
of California Irvine Breast Cancer Study (UCIBCS), in which 87%
were of European descent, 4% were of Asian descent, and 9% were
of other descent. Where available, studies provided information on
tumor grade, TNM stage, and ER status. The mean age at diagno-
sis was 58 years (SD = 12.2 years). Stage data were available for
10046 (71%) of the 14096 patients, histopathologic grade was
available for 11767 (84%), and ER status was available for 11786
(84%). Characteristics of patients by study are in Table 2.

Patients in the BCAC validation dataset tended to be older
(mean age = 58 years, SD = 12.2 years) than those in the SEARCH

Vol. 102, Issue 9 | May 5, 2010
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Spanish National Cancer Centre Breast Cancer Study; ER = estrogen

Copenhagen Breast Cancer Study and Copenhagen General Population Study; CNIO-BCS =

Bavarian Breast Cancer Cases and Controls; CGPS =

BBCC

*

The

Melbourne Collaborative Cohort Study; N/A = not

Karolinska Breast Cancer Study; KBCP = Kuopio Breast Cancer Project; kConFab/AOCS

Helsinki Breast Cancer Study; KARBAC

Genetic Epidemiology Study of Breast Cancer by Age 50; HEBCS =

receptor; GESBC

Mayo Clinic Breast Cancer Study; MCCS =

Singapore and Swedish Breast Cancer Study; SBCS

Kathleen Cuningham Foundation Consortium for Research into Familial Breast Cancer/Australian Ovarian Cancer Study; MCBCS

available; ORIGO = Leiden University Medical Centre Breast Cancer Study; PBCS

University of California Irvine Breast Cancer Study.

Sheffield Breast Cancer Study; UCIBCS =

Polish Breast Cancer Study; SASBAC

1t Grade designations of 1, 2, and 3 represent well differentiated, moderately differentiated, and poorly differentiated, respectively.

hypothesis-generating set (mean age = 52 years, SD = 8.7 years).
Among those with available information on grade and ER status,
patient distributions were similar in the BCAC validation dataset
and in the SEARCH hypothesis-generating dataset for histopath-
ologic grade (well differentiated = 22% vs 24%, respectively; mod-
erately differentiated = 49% vs 47%, respectively; and poorly
differentiated = 29% vs 29%, respectively) and ER status (ER
positive = 77% vs 80%, respectively, and ER negative = 23% vs 20%,
respectively). Among those with known clinical stage information,
a higher proportion of patients in the BCAC validation set than in
the SEARCH hypothesis-generating set were TNM stage I (58%
vs 50%, respectively) and TNM stages III and IV (6% vs 4%, re-
spectively) and a lower proportion of those in the BCAC validation
set were TNM stage II (36% vs 45%, respectively).

Methods for Genotyping

Genotyping procedures for the breast cancer susceptibility
genome-wide association study have been previously described
(18). Briefly, in stage I, 390 patients with invasive breast cancer
who had a family history of breast cancer were identified through
UK clinical genetics centers and a national study of bilateral breast
cancer (18) and 364 control subjects from the EPIC-Norfolk
study, a population-based cohort study of diet and cancer that was
based in Norfolk, East Anglia, UK (44), were genotyped for a
genome-wide panel of 266722 SNPs by use of high-density oligo-
nucleotide photolithographicarraysat Perlegen Sciences (Mountain
View, CA) using genomic DNA obtained from blood samples. In
stage 11, 3990 case patients from the SEARCH study (19) and 3916
control subjects from the EPIC-Norfolk study (44) were geno-
typed for a set of 12711 SNPs that were selected on the basis of
the statistical significance of the difference in genotype frequency
between case patients and control subjects (P < .052) and the
number of SNPs that could fit on the chip. SEARCH samples
were genotyped by use of 2.5 pg of genomic DNA isolated from
blood and a custom-designed oligonucleotide array (information is
available from the authors on request). Because follow-up informa-
tion is not available for stage I of the susceptibility study, only
patient and genotyping information from stage II were included in
this analysis. We excluded SNPs with a call rate of less than 95%
or those with a genotype frequency that deviated from Hardy—
Weinberg equilibrium at a P value of less than 10~° for control
subjects, leaving 10621 SNPs for this analysis (Supplementary
Table 2, available online).

For the BCAC validation studies, either a 5'-nuclease assay
(Tagman; Applied Biosystems, Inc, Foster City, CA) or matrix-as-
sisted laser desorption—ionization time-of-flight mass spectrometry
(iPLEX; Sequenom, Inc, San Diego, CA) was used for genotyping
the two SNPs, rs6626269 and rs4778137 (Supplementary Table 1,
available online), using genomic DNA isolated from blood sam-
ples. Both Tagman and iPLEX technologies require an initial
polymerase chain reaction step. In Taqman assays, a perfectly
matching allele-specific probe, labeled with a fluorophore, is dis-
placed and cleaved by Tuzq polymerase and genotype is determined
by fluorescence detection. Genotype calls for iPLEX are based on
determining the mass of primer extension products, which are
designed to differ substantially for each allele, by matrix-assisted
laser desorption—ionization time-of-flight mass spectrometry.
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All genotyping centers for studies in the validation dataset geno-
typed a HAPMAPPTO01 Coriell plate (Coriell Institute for Medical
Research, Camden, NJ) that included 90 samples from 30 trios
from the International HapMap Project, Centre d’Etude du
Polymorphisme Humain (CEPH) population (Utah residents with
ancestry from northern and western Europe) with 100% concor-
dance. Independent validation of SEARCH genotyping (oligonu-
cleotide array) was not carried out. All genotyping for the SEARCH
and validation studies was blinded to patient outcome (all-cause
mortality). We removed any SNP-study combination that had a call
rate of 95% or less (after removing any plate with a call rate of <90%
and any samples that could not be genotyped for 20% of the SNPs
in the BCAC collaborative studies). We also eliminated all data for
a given SNP-study combination in which the reproducibility for
duplicate samples was less than 97% or in which there was a marked
deviation from the Hardy-Weinberg equilibrium (ie, P < 107°).

Statistical Methods

Associations with all-cause mortality were assessed for each SNP
by use of Cox regression analysis that modeled the time from diag-
nosis to death. To account for variable time from diagnosis to re-
cruitment in some studies, analyses allowing for left truncated data
(ie, prevalent cases of breast cancer) were conducted in which
patients were considered at risk only after the date of study entry.
This method generates an unbiased estimate of the association,
provided that the proportional hazards assumption has not been
violated (45). The proportional hazards assumption was evaluated
by visual inspection of log—log plots and was tested analytically by
use of Schoenfeld residuals. Follow-up was censored at the earlier
of the date last known to be alive or 15 years after diagnosis
because most individuals (>97%) had a follow-up of at most
15 years.

A per-allele hazard ratio (HR) of death was estimated for each
SNP (in the log-additive codominant model), which was based on
the number of rare alleles carried; statistical significance was
assessed with a trend test with 1 df. SNPs were chosen for valida-
tion on the basis of two criteria: 1) a P value of less than 5 x 1078
(the genome-wide level of statistical significance) and 2) com-
paring the distribution of observed trend test x> values with
expected values in a normal ¥’ distribution (quantile-quantile
[Q-Q] plot). SNPs with higher x* values observed than expected
by the distribution were selected for validation study. Associations
between each SNP selected for validation study and breast cancer—
specific mortality were assessed in the SEARCH hypothesis-
generating dataset by use of Cox regression analysis, modeling the
time from diagnosis to death from breast cancer. These additional
analyses were performed to confirm that effect sizes associated
with breast cancer mortality were consistent with associations with
all-cause mortality to reduce the possibility of spurious associa-
tions with competing mortality. Hazard ratios were estimated from
log-additive models that were unstratified or stratified by major
prognostic factors (including stage, histopathologic grade, and ER
status) to assess heterogeneity. A test for heterogeneity was per-
formed by generation of a z statistic that was calculated as the
difference in stratified hazard ratios for each prognostic factor
divided by the square root of the sum of their squared standard
errors. A test for the statistical interaction between an SNP and a
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prognostic factor (effect beyond additive) was performed by inclu-
sion of a SNP—prognostic factor cross-product term in the Cox
model and assessed by use of a likelihood ratio test with 1 df.

In multivariable models, ER status was modeled as a dichoto-
mous variable (positive or negative) and age at diagnosis was mod-
eled as a categorical variable (<35, 35-49, 50-64, 65-74, and >75
years). Grade and stage were modeled as ordinal variables. Because
stage, grade, and ER status have been shown to have substantial
deviation from the proportional hazards assumption in the
SEARCH breast cancer study (45), adjusted analyses were con-
ducted by including age as a covariate and stage, histopathologic
grade, and ER status as strata.

For the BCAC validation set, Cox proportional hazards
models, modeling time from diagnosis until death from any cause,
were used to generate study-specific hazard ratios of death for
selected SNPs. For the Polish Breast Cancer Study only, the Cox
model was stratified by study site (Warsaw or Lodz). Fixed-effects
meta-analysis was used to generate an overall estimate of effect for
the validation dataset and for the combined dataset containing the
SEARCH hypothesis-generating set and the BCAC validation set.
Heterogeneity (ie, the consistency of HR estimates across studies)
was assessed by use of the I statistic (46), which describes the
percentage of total variation across studies that is due to hetero-
geneity rather than chance. The I’ value lies between 0% and
100%, with a value of 0% indicating no observed heterogeneity
and with larger values indicating increasing heterogeneity. For
adjusted analyses, some validation studies did not have sufficient
numbers of patients with covariate information to generate study-
specific hazard ratios. Therefore, for adjusted analyses, data were
pooled for all validation studies and a Cox proportional hazards
model that was stratified by study was used to generate an overall
estimate of effect in the validation set and in the combined dataset
(ie, the hypothesis-generating dataset plus the validation dataset).
Cumulative overall survival by genotype was determined by a
Kaplan—Meier analysis. Predicted cumulative survival curves that
were generated by genotype and adjusted for study were estimated
by adjusting to the baseline hazard function of the SEARCH
study.

Possible bias from population stratification was evaluated for
rs4778137 by plotting study-specific minor allele frequencies,
weighted by the total person-years at risk provided by each study,
against study-specific annual mortality rates and assessed by a test
of pairwise correlation. Because study-specific allele frequencies
must track with annual mortality rates for an association to show
substantial bias from population stratification, a lack of correlation
between these factors indicates that population stratification is not
a major threat to the validity of conclusions (47). All statistical tests
were two-sided. The a level for the validation dataset was set at
.05. All analyses were performed in Intercooled Stata, version 9.2
(STATACo rp, College Station, TX).

Results

SEARCH Hypothesis-Generating Dataset

The 3761 patients with breast cancer from the SEARCH study
who had available follow-up information and who participated in
the second stage of the breast cancer susceptibility genome-wide

Vol. 102, Issue 9 | May 5, 2010



association study provided 26978 person-years at risk (median
time at risk = 7.5 years, range = 0.04-11.48 years, and median time
from diagnosis to enrollment = 1.15 years, range = 0-11.74 years).
Of the 3761 patients, 647 had died within 15 years of their diagno-
sis; the annual overall mortality rate was 2.4% (95% confidence
interval [CI] = 2.2% to 2.6%), the 5-year overall survival rate was
88% (95% CI =87.0% to 89.4%), and the 10-year overall survival
rate was 80% (95% CI = 78.3% to 81.3%) (Table 1).

We tested the 10621 SNPs that were selected as candidates for
breast cancer susceptibility in the analysis of the first stage of the
genome-wide association study for association with all-cause mor-
tality. Although no SNPs reached nominal genome-wide statistical
significance (ie, P < 5 x 107%), two SNPs (rs6626269, P, = 2.2 x
1079, and rs4778137, P,
with overall survival after a diagnosis of breast cancer (with lower

rend = 1.9 x 107%) were strongly associated
P values than expected by chance, Figure 1, and survival curves by
genotype in Supplementary Figure 1, available online). The SNP
with the strongest association with all-cause mortality, rs6626269
(A>QG), is located on the X chromosome approximately 300 kilo-
base pairs upstream from the fragile X mental retardation 1 gene
(FMRI) at Xq27.3; the rare (G) allele of SNP rs6626269 was asso-
ciated with an increased risk of death compared with the common
(A) allele (HR of death per rare allele carried = 1.35, 95% CI =
1.19 to 1.52, P,..q = 2.2 x 1079). The other SNP with a strong as-
sociation with overall survival, rs4778137 (C>G), was located on

ren:

chromosome 15 in the oculocutaneous albinism II gene (OCA2)
at 15q13.1. The rare (G) allele of SNP rs4778137 was associated
with a decreased risk of death compared with the common (C)
allele (HR of death per rare allele carried = 0.76, 95% CI = 0.67
to 0.86, P,
using breast cancer—specific mortality as the endpoint, the

= 1.9 x 107°). When we repeated the analysis by

rend

strength of the association between rs6626269 and breast cancer—
specific survival was slightly reduced (HR of death per rare allele
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Figure 1. Quantile-quantile plot for the test statistics for the 10621 sin-
gle-nucleotide polymorphisms (SNPs) evaluated in the Studies of
Epidemiology and Risk factors in Cancer Heredity (SEARCH) dataset.
The test statistic was the 2 statistic from two-sided x? trend tests with
1 df. Solid circles represent the expected and observed test statistics for
each SNP. Under the null hypothesis of no association at any locus, the
points would be expected to follow the straight line. SNPs rs6626269
and rs4778137 are represented by a solid diamond and a solid square,
respectively.
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carried = 1.29, 95% CI = 1.13 to 1.49, P = 2.8 x 107 but the
association between rs4778137 and breast cancer—specific survival
was slightly larger (HR of death per rare allele carried = 0.74,
95% CI = 0.64 to 0.85, P = 2.4 x 107°), both compared with the
associations with overall survival. Neither SNP showed evidence
of violating the proportional hazards assumption in either analysis
(ie, all P > .05).

We also evaluated associations for these two SNPs after strati-
fying the analyses for each SNP by stage, histopathologic grade,
and ER status. The strongest association between rs4778137 and
overall survival was observed among patients with ER-negative
tumors (HR of death per rare allele carried = 0.56, 95% CI = 0.41
to 0.75, P = 9.2 x 107%) (Table 3). For SNP rs4778137, we found
evidence for heterogeneity by ER status (P eeion = -0024). We
found essentially no evidence for interaction between SNP
rs4778137 and grade or stage or between SNP rs6626269 and
stage, histopathologic grade, or ER status.

BCAC Validation Dataset

The two SNPs, rs4778137 and rs6626269, have been genotyped in
15 international BCAC studies that had follow-up information
available. Patient characteristics are presented in Table 2. These
15 studies contained data for a total of 14096 patients diagnosed
with invasive breast cancer who provided 70019 person-years at
risk (median time at risk = 4.6 years, range = 0.03-15 years, and
median time from diagnosis to enrollment = 0.11 years, range =
0-14.97 years). The total number of deaths within 15 years of
diagnosis was 2303; the annual mortality rate for the combined
studies was 3.3% (95% CI = 3.2% to 3.4%), the 5-year overall
survival rate was 85% (95% CI = 84.7% to 86.1%), and the 10-year
overall survival rate was 73% (95% CI = 71.4% to 73.6%)
(Supplementary Table 3, available online). Genotyping informa-
tion was not available for SNP rs6626269 from three studies, two
of which had a failed assay design (Genetic Epidemiology Study of
Breast Cancer by Age 50 [GESBC] and University of California
Irvine Breast Cancer Study [UCIBCS]) and one of which failed the
quality control requirements (Bavarian Breast Cancer Cases and
Controls [BBCC]), but genotyping information was available for
SNP rs4778137 from all 15 studies. Information as to whether
patients were alive or dead within 15 years of their diagnosis and
genotype information stratified by major prognostic factors for the
combined hypothesis-generating and validation datasets are shown
in Supplementary Table 4 (available online).

Associations between SNP rs6626269 or rs4778137 and overall
survival for the hypothesis-generating, validation, and combined
datasets are shown in Figure 2, Table 4, Supplementary Table 5
(available online), and Supplementary Figure 2 (available online).
We investigated the relationships between the two SNPs and over-
all survival. Given that we found evidence for heterogeneity by ER
status for rs4771837 in the SEARCH dataset, we stratified the
validation dataset by ER status for rs4778137. In the validation set,
the association of the rare (G) allele of rs4778137 with better over-
all survival was strongest among patients with ER-negative breast
cancer (HR of death per rare allele carried = 0.88, 95% CI = 0.78
to 0.99, P = .030), as in the SEARCH hypothesis-generating set.
When we repeated the analysis in a combined dataset containing
data from the hypothesis-generating and validation sets, we again
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Table 3. Associations between single-nucleotide polymorphisms, rs6626269 and rs4778137, and overall survival, stratified by breast
cancer prognostic factors: Studies of Epidemiology and Risk factors in Cancer Heredity (SEARCH) study*

rs6626269 rs4778137
P for P for P for P for

Prognostic factor HR (95% Cl) interactiont  heterogeneityt HR (95% ClI) interactiont heterogeneityt
Stage

| 1.33 (1.04 to 1.69) .79 .95 0.90 (0.71 to 1.15) 19 17

Il 1.36 (1.16 to 1.60) 0.68 (0.57 to 0.80)

IIor IV 1.42 (0.98 to 2.06) 0.73 (0.51 to 1.05)
Grade

Well differentiated 1.52 (1.00 to 2.31) .35 .57 0.81 (0.53 to 1.24) .67 91

Moderately differentiated  1.44 (1.16 to 1.79) 0.74 (0.59 to 0.93)

Poorly differentiated 1.25 (1.01 to 1.55) 0.73 (0.59 to 0.90)
ER status

Positive 1.44 (1.18 to 1.75) .83 .b3 0.91 (0.75 t0 1.10) .0024 .0056

Negative 1.29 (1.00 to 1.68) 0.56 (0.41 to 0.75)

* Hazard ratios (HRs) were calculated within strata of each prognostic factor and were not adjusted for other prognostic factors. Cl = confidence interval,

ER = estrogen receptor.
T Statistical significance based on a two-sided likelihood ratio test with 1 df.

+ Statistical significance based on a two-sided test for heterogeneity with 1 df.

found the strongest association among patients with ER-negative
breast cancer (HR of death per rare allele carried = 0.82, 95% CI =
0.73 t0 0.92, P = 5.0 x 10°%). No statistically significant heteroge-
neity was observed across the studies in the validation studies
(PP =0.0%, P=.70) or in the combined dataset (P = 19.7%, P = .23).
Survival curves for ER-negative tumors by rs4778137 genotype for
the SEARCH hypothesis-generating set, the BCAC validation set,
and the combined dataset are provided in Figure 3. We next exam-
ined the association among patients with ER-negative tumors in
the combined dataset after adjustment for age at diagnosis, stage,
grade, and study; we found that the strength of the association was
similar to that in the unadjusted analysis (HR of death per rare
allele carried = 0.79, 95% CI = 0.68 to 0.92, P = .0023) (Table 5).
We found no evidence that study-specific minor allele frequencies
of rs4771837 tracked with weighted study-specific annual mor-
tality rates (pairwise correlation = —0.41 and P = .13), excluding
substantial bias from population stratification for this SNP. No
associations were observed among patients with ER-positive
tumors between SNP rs4778137 and overall survival in analyses of
the combined dataset.

We could not validate the association between SNP rs6626269
and overall survival that we observed in the SEARCH hypothesis-
generating dataset. Statistically significant heterogeneity for the
effect of this SNP was observed between the SEARCH hypothe-
sis-generating dataset and the BCAC validation dataset (> =45.2%
and P = .039).

Discussion

We report an association between the SNP rs4778137 (C>G) that
is located in the OCA2 gene and overall survival for patients with
ER-negative tumors, with the rare G allele of this SNP being as-
sociated with better prognosis for this group. The strength of the
association was not reduced after adjusting for other prognostic
factors, including age at diagnosis, TNM stage, and histopatho-
logic grade, indicating that SNP rs4778137 was independently
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associated with overall survival among patients with ER-negative
breast cancer in the combined SEARCH hypothesis-generating
and BCAC validation datasets.

For this study, we evaluated associations between 10621 SNPs
that were genotyped in patients with invasive breast cancer from
the second stage of a genome-wide association study of breast
cancer susceptibility (SEARCH study) and all-cause mortality after
a diagnosis of breast cancer. We used data from 15 international
BCAC studies of patients with invasive breast cancer (14096
patients) for the validation dataset. Major strengths of this study
included the number of SNPs evaluated, the large and homoge-
neous sample in the hypothesis-generating dataset (SEARCH
study), and the large validation sample.

The SNP rs4778137 was originally chosen as a tagging SNP
for part of a genome-wide panel of 266722 SNPs in a genome-wide
association study of breast cancer susceptibility and is unlikely to be
a functional variant. However, this SNP is located on chromosome
15 within the OCA2 gene and close to the HERC?2 gene; both genes
have been associated with skin pigmentation and hair and iris color
(48-52), and genetic variation in this region of chromosome 15 has
been associated with risk of melanoma (53,54). Because of the asso-
ciation with skin pigmentation and eye color, which could vary across
our study populations, we evaluated our results for possible bias from
population stratification. We found no evidence that study-specific
rs4778137 minor allele frequencies tracked with study annual mor-
tality rates, indicating that population stratification bias is not a threat
to the validity of our conclusions (47). Furthermore, rs4778137 was
only weakly correlated (% = .046) with rs12913832, the SNP that was
most strongly associated with blue eye color (D. Duffy, Genetic
Epidemiology Laboratory, The Queensland Institute of Medical
Research, Brisbane, Australia, personal communication).

The OCA2 gene encodes a 12-transmembrane domain protein
of unknown function that is localized to lysosomes when
expressed in nonpigment cells (55). The OCA2 protein is not
expressed in normal breast tissue (56), but overexpression of this
protein in ductal breast carcinomas, compared with normal
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A) B)

STUDY (refs) rs6626269 HR (95% CI) STUDY (refs) rs4778137 ER+ HR (95% CI)
CGPS (21,22) —I-—r 0.92 (0.75t0 1.14) BBCC (10,20) 1.25 (0.91 to 1.73)
CNIO-BCS (23) ¢ 1.08 (0.31 to 3.74) CGPS (21,22) _ 0.97 (0.76 to 1.24)
HEBCS (17,25,26) —-‘— 1.09 (0.92 to 1.29) CNIO-BCS (23) ¥ 1.79 (0.33 to 9.85)
KARBAC (27) —_— 0.82 (0.55 to 1.20) GESBC (24) _':t 0.80 (0.48 to 1.33)
KBCP (28,29) —— 1.07 (0.85t01.35) ~ HEBCS (17,2526) - 1.10(0.88 t0 1.37)

: KARBAC (27) — 0.89 (0.58 to 1.35)
KConFab/AOCS (30,31) T 1.44 (0.78 to 2.67) KBCP (28.29) —t— 117 (0.87 to 157)
MCBCS (32) 0.91 (0.54 to 1.54) ; Py ’
: KConFab/AOCS (30,31) 0.86 (0.35 t0 2.13)
MCCS (33) —_—— 1.17 (0.80 to 1.70) MCBCS (32) —_—— 0.63 (0.32 to 1.25)
ORIGO (34,35) - : 1.25 (0.92 to 1.69) MCCS (33) —— 1.22 (0.79 to 1.90)
PBCS (36) —— 1.00 (0.80 to 1.26) ORIGO (34,35) —_— 0.69 (0.43 to 1.09)
SASBAC (37) —_— 0.91 (0.68 to 1.21) PBCS (36) 0.96 (0.76 to 1.20)
SBCS (38,39) ———— 0.80 (0.54 to 1.20) SASBAC (37) 0.70 (0.49 to 1.00)
: SBCS (38,39) 1.10 (0.63 to 1.90)
: UCIBCS (40,41) 1.10 (0.88 to 1.38)
Validation (2= 0.0%, P = .668) < 1.02 (0.94 to 1.11) Validation (12=7.7%, P =.367) 1.00 (0.92 to 1.10)
SEARCH (19) : —- 1.35 (1.19 to 1.52) SEARCH (19) 0.91(0.75to 1.10)
Overall (/2= 45.2%, P = .039) <> 1.11 (1.04 to 1.19) Overall (2=6.6%, P=.378) < 0.99 (0.91 to 1.07)
rs4778137 rs4778137 ER-
BBCC (10,20) - — 1.11 (0.88 to 1.39) BBCC (10,20) 2 gl 0.89 (0.57 to 1.40)
CGPS (21,22) —— 0.94 (0.78 0 1.13) CGPS (21,22) ——t 0.77 (0.53 to 1.13)
CNIO-BCS (23) € t 3 1.19 (0.43 to 3.32) CNIO-BCS (23) ¥ 3.01 (0.29 to 30.70)
GESBC (24) _-II:': 0.96 (0.71 to 1.31) GESBC (24) £ 0.92 (0.58 to 1.47)
HEBCS (17,25,26) 1.05 (0.88 to 1.25) HEBCS (17,25,26) 0.89 (0.63 to 1.25)
KARBAC (27) . o 0.92 (0.65 to 1.30) KARBAC (27) T 0.96 (0.49 to 1.86)
KBCP (28,29) — 1.06 (0.82 to 1.37) KBCP (28,29) —I—!—- . 0.61(0.35t01.07)
KConFab/AOCS (30,31) H 0.93 (0.50 to 1.72) KConFab/AOCS (30,31) + ¥ 1.89 (0.35 to 10.16)
MCBCS (32) 0 0.89 (0.54 to 1.46) MCBCS (32) R e 1.24 (0.56 to 2.74)
MCCS (33) — 0.83(057t01.19)  MCCS (33) —t 0.39 (0.18 to 0.86)
ORIGO (34,35) ———t— 0.84 (0.62 to 1.13) ORIGO (34,35) ——— 1.11 (0.65 to 1.88)
PBCS (36) 1 0.98 (0.81 to 1.20) PBCS (36) - 0.93 (0.75t0 1.16)
SASBAC (37) + 0.79 (0.60 to 1.04) SASBAC (37) e 1.03 (0.50 to 2.10)
SBCS (38,39) + 0.98 (0.70 to 1.37) SBCS (38,39) —_— 0.98 (0.51 to 1.88)
UCIBCS (40,41) 0 1.04 (0.88 to 1.23) UCIBCS (40,41) ——1 0.74 (0.50 to 1.10)
Validation (/2 = 0.0%, P = .920) ! 0.98 (0.92 to 1.05) Validation (22 = 0.0%, P = .700) 9 0.88 (0.78 to 0.99)
1 1
SEARCH (19) - : 0.76 (0.67 to 0.86) SEARCH (19) —i— : 0.56 (0.41 to 0.75)
1 L]
. 1
Overall (/2 = 23.3%, P=.190) <> 0.93 (0.87 to 0.98) Overall (2=19.7%, P =.228) > 0.82(0.73 to 0.92)
i Y
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Figure 2. Associations between single-nucleotide polymorphism
rs6626269 or rs4778137 and overall survival. Per-allele hazard ratios
(HRs) and 95% confidence intervals (Cls) are presented. A) Nonstratified
analyses for rs6626269 and rs4778137. B) Analyses for rs4778137 strat-
ified by estrogen receptor (ER) status (ER positive [ER+] and ER negative
[ER—]). Data are shown for analyses with the hypothesis-generating set
(Studies of Epidemiology and Risk factors in Cancer Heredity [SEARCH]),
individual studies in the validation dataset, the entire validation set, and
a combined dataset (overall) containing data from the hypothesis-
generating set and the validation set. Supplementary Table 1 (available
online) presents descriptions of all studies. Squares = study-specific
hazard ratios; area of the each square = inverse of the variance of the
estimate; horizontal lines = 95% Cls; diamonds = summary hazard ratio
estimates encompassing 95% Cls; dotted vertical line = combined sum-
mary hazard ratio. Hazard ratio statistical significance assessed by a

breast tissue, has been reported (57). To study its function in
more detail, researchers have expressed the p protein (a mouse
OCA2homolog, pink-eyed dilution gene) in the yeast Saccharomyces
cerevisiae by use of yeast expression plasmids and found that ex-
pression of this gene leads to higher sensitivity to a number of
toxic compounds, as shown by the concentration of compound
that inhibited colony formation by 50% (IC;, value) (58).
Similarly, cultured murine melanocytes expressing a functional
p gene were found to be more sensitive to these compounds, as
well as the cytotoxic agents, cisplatin and doxorubicin, when
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trend test with 1 df. Study heterogeneity was assessed by use of the P
statistic. All statistical tests were two-sided. BBCC = Bavarian Breast
Cancer Cases and Controls; CGPS = Copenhagen Breast Cancer Study
and Copenhagen General Population Study; CNIO-BCS = Spanish
National Cancer Centre Breast Cancer Study; GESBC = Genetic
Epidemiology Study of Breast Cancer by Age 50; HEBCS = Helsinki
Breast Cancer Study; KARBAC = Karolinska Breast Cancer Study;
KBCP = Kuopio Breast Cancer Project; kConFab/AOCS = The Kathleen
Cuningham Foundation Consortium for Research into Familial Breast
Cancer/Australian Ovarian Cancer Study; MCBCS = Mayo Clinic Breast
Cancer Study; MCCS = Melbourne Collaborative Cohort Study; ORIGO =
Leiden University Medical Centre Breast Cancer Study; PBCS = Polish
Breast Cancer Study; SASBAC = Singapore and Swedish Breast Cancer
Study; SBCS = Sheffield Breast Cancer Study; UCIBCS = University of
California Irvine Breast Cancer Study.

assessed with a cell viability assay. Cisplatin and doxorubicin
are detoxified in mammalian cells as glutathione conjugates,
and intracellular glutathione expression decreased by 50% in
p-expressing S cerevisiae, suggesting that the pink-eyed dilution
protein can modulate intracellular glutathione metabolism (58).
Doxorubicin and other anthracyclines are commonly used to
treat breast cancer, particularly ER-negative breast cancer.
Therefore, given the results of this study for SNP rs4778137,
additional studies are warranted to investigate whether SNP
rs4778137 is associated with sensitivity to anthracycline treatment
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Table 4. Associations between single-nucleotide polymorphisms (SNPs), rs6626269 or rs4778137, and overall survival: Studies of Epidemiology and Risk factors in Cancer

Heredity (SEARCH), validation, and combined datasets*

658 Articles

P for
trend

.0025

Combined dataset
Per-allele HR]||

No. of

P for
trend patients

Validation dataset
Per-allele
HR|| (95% ClI)
1.02 (0.94 to 1.11)

No. of
patients

P for

SEARCH dataset
Per-allele
HR (95% CI)
1.35(1.19 to 1.52)

No. of

Gene (chromosomal

| JNCI

(95% Cl)

1.11(1.04 to 1.19)

trend
2.2 x10°6

patients

MAFS

band and position)t Allelest

SNP

14712

.64

10960

A G 0.21 3752

FMR1 (Xq27.3 and

rs6626269

chrX:146673425)

OCA2 (15g13.1 and

rs4778137

chr15:28327835)

.011

0.93 (0.87 to 0.98)
0.99 (0.91 to 1.10)

17467
10843

b4
.92

0.98 (0.92 to 1.05)

13712

1.9x10°
.32

0.76 (0.67 to 0.86)

0.91 (0.75 to 1.10)

3755

0.30

Total

.75

1.01 (0.92 to 1.10)
0.88 (0.78 to 0.99)

8865

1978

ER positive

0.82(0.73t00.92) 5.0x 10

3154

.030

2656

9.2 x10°®

0.56 (0.41 to 0.75)

498

ER negative

* Statistical significance based on a 1 df trend test. All statistical tests were two-sided. Cl = confidence interval; ER = estrogen receptor; HR = hazard ratio; MAF = minor allele frequency.

t Gene name, chromosomal band, and chromosomal position based on dbSNP building 130 (ftp.ncbi.nih.gov/snp).

¥ Common allele and rare allele.

§ The MAF was based on SEARCH population data.

|| Fixed-effects meta-analysis of study-specific hazard ratios.

among patients with ER-negative breast cancer. Alternatively,
mutations in the HERC?2 gene have been associated with reduced
growth, male sterility, and female semisterility (59), and it is pos-
sible that SNP rs4778137 may be associated with the expression or
function of the HERC?2 gene. Further fine mapping will be required
to explore this area for associations with breast cancer prognosis
and to identify the additional variant(s) for additional study.

The SNPs that we analyzed in this study were from a set se-
lected for the second stage of a multistage genome-wide associa-
tion study of breast cancer susceptibility (18). Most of the SNPs
in that study were expected to provide false-positive data (for sus-
ceptibility), but we believe that it is reasonable to hypothesize that
SNPs that are associated with susceptibility may also be associated
with tumor behavior and prognosis. The SNPs from that study,
therefore, may constitute a large set of rather weak candidate
prognostic variants. The main advantage of using the SEARCH
dataset was the ease with which we could evaluate a large number
of previously unexplored common germline genetic polymor-
phisms for an association with overall survival. However, it is
important to note that our dataset was composed of only 10621
SNPs, which do not provide genome-wide coverage; therefore,
there were areas of the genome that we could not assess for an
association with overall survival. Further work, including a
genome-wide scan of breast cancer prognosis, is required to iden-
tify more common germline variants that may be associated with
overall survival.

This study had some limitations. Our dataset of 10621 SNPs
does not represent a set of SNPs that captures common genetic
variation across the entire genome. The observed association
between rs4778137 and overall survival among patients with
ER-negative tumors did not reach nominal genome-wide statis-
tical significance (P = 5.0 x 107%). A false-positive association
caused by confounding cannot be ruled out, although it is unlikely
that rs4778137 genotype would be associated with possible con-
founders, such as socioeconomic status or comorbidity. Treatment
data were too limited to assess possible interaction with specific
adjuvant therapies. It is also possible that the effect of rs4778137 is
limited to specific subtypes of ER-negative disease such as the
HER2-expressing tumors or the basal tumors, but data on other
markers were not available to investigate this issue. The power of
this study to detect association was modest, and it is possible that
we missed some valid associations. For example, in the SEARCH
dataset, at a nominal genome-wide statistical significance of 5 x
107%, the power to detect a minor allele with a frequency of 0.30
that confers a per-allele HR = 1.5 was 89%, but, if the effect size
associated with the minor allele is weaker (eg, HR = 1.3), the power
to detect an association is reduced to 13%. In addition, genetic
effects may be restricted to specific patient subsets (eg, those based
on clinicopathological features or treatment groups), further re-
ducing power.

In summary, we identified a polymorphism in the OCA2 gene
located at 15q13.1, rs4778137 (C>G), that appears to be associ-
ated with all-cause mortality among patients with ER-negative
breast cancer. We used a large validation dataset from 15
European, North American, and Australian BCAC studies of
breast cancer to validate results in the SEARCH hypothesis-
generating set. The effect size of the association between this
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Figure 3. Cumulative overall survival among patients with estrogen re-
ceptor (ER)-negative breast cancer by genotype of the single-nucleotide
polymorphism rs4778137. A Kaplan—-Meier analysis was used. Total
patients at risk in the analysis and number of patients at risk and overall
survival rates with 95% confidence intervals (95% Cl) for years 5, 10,
and 15 after breast cancer diagnosis are presented. A) Cumulative sur-
vival for patients in the hypothesis-generating dataset from the Studies
of Epidemiology and Risk factors in Cancer Heredity (SEARCH) study.

SNP and overall survival, if a true association, was small, and so
this SNP is unlikely to have clinical utility by itself. However, this
effect compounded over a 10-year period for an appreciable over-
all survival difference. For example, among patients with
ER-negative tumors, the study-adjusted, predicted overall sur-
vival rate was 88% at 5 years after diagnosis and 83% at 10 years
after diagnosis for patients with two copies of the protective (rare,
G) allele of rs4778137 compared with a study-adjusted, predicted
overall survival rate of 73% at 5 years and 60% at 10 years for
patients with two copies of the common (C) allele (Figure 3, D).
Furthermore, the discriminatory accuracy of prognostication
tools such as AdjuvantOnline! (http://www.adjuvantonline.com/),
which is based on established prognostic factors, might be
improved by incorporation of markers with associated effects of
this magnitude. Because these tools are widely used to select
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........... GG
0.4 1
T T T T
0 5 10 15

Years after diagnosis

Genotype Total at risk Patients at risk; Survival rate (95% CI)

cC 1381 599; 0.74 (0.71 10 0.77) 147; 0.62 (0.59 to 0.66) 15; 0.46 (0.37 to 0.54)

cG 1034 471;0.76 (0.73 t0 0.79) 136;0.68 (0.64 t0 0.71)  14; 0.57 (0.49 to 0.65)

GG 241 117; 0.81 (0.75 to 0.86) 35;0.71 (0.62 to 0.78) 2;0.71 (0.62 0 0.78)
D) 1.0

0.8

0.6 1

Cumulative survival

Genotype

0.4 A

T
0 5 10 15
Years after diagnosis

Genotype Total at risk Patients at risk; Study site—adjusted survival rate

cc 1615 772;0.73 199; 0.60 19;0.48
CG 1247 642;0.81 195; 0.76 25;0.69
GG 292 161;0.88 46, 0.83 2;0.83

B) Cumulative survival for patients in the validation set. C) Cumulative
survival for patients in the combined hypothesis-generating and valida-
tion datasets. D) Predicted cumulative survival adjusted for study site
for patients in the combined hypothesis-generating and validation data-
sets, adjusted to the baseline hazard function of the SEARCH study. All
four analyses were stratified by rs4778137 genotype (C = common; G =
rare). ** = patient numbers were too few to estimate a survival rate at
this time point.

patients most likely to benefit from adjuvant chemotherapy, even
markers with small effects may have utility and so further valida-
tion of our findings, particularly in clinical trial populations, is
warranted. In addition, the observed association may provide
clues to the underlying tumor biology that is involved in the
response to chemotherapy and might ultimately improve patient
treatment and outcome. Germline variants in many genes are
likely to affect many steps in cancer development and progres-
sion, as well as treatment suitability (currently based on assess-
ment of functional status, performance status, life expectancy,
and existing comorbidities), tolerance, and response. Future
work will need to focus on a variety of specific outcomes and
subgroups, as well as breast cancer—specific survival, to elucidate
the complex relationships among tumors, hosts, and treatment
effects.
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P for
trend
.03

Per-allele
HR|| (95% Cl)

1.11 (1.01 to 1.22)

Combined dataset

No. of

P for
trend

Validation dataset
Per-allele
HR|| (95% CI)
0.99 (0.88 t0 1.11)

No. of

P for
trend
5.9 x 1076

SEARCH dataset
Per-allele
HR (95% CI)
1.49 (1.25 t0 1.77)

No. of

Gene (chromosomal
band and position)t

Table 5. Associations between single-nucleotide polymorphisms (SNPs), rs6626269 or rs4778137, and overall survival in adjusted analyses: Studies of Epidemiology and Risk

factors in Cancer Heredity (SEARCH), validation, and combined datasets*
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patients

patients

MAF8 patients

Allelest

SNP

8314

.83

6113

2201

0.21

A G

FMR1 (Xq27.3 and

rs6626269

chrX:146673425)

OCA2 (15g13.1 and

rs4778137

chr15:28327835)

.009
2

0.9 (0.83 t0 0.97)

0.94 (0.85 to 1.03)

10060

0.95 (0.87 to 1.05) 31

7855

2.8 x 10
10

0.72 (0.61 to 0.86)

2205
1762

0.30

Total

8008
2052

6246 0.97 (0.87 to 1.08) b2
25

1609

0.83 (0.67 to 1.03)

ER-positive

0.9 (0.76 to 1.07) 0.79 (0.68 t0 0.92)  .002

0.54(0.40t00.74) 1.4x10*

443

ER-negative

* Statistical significance based on 1 df trend test. All statistical tests were two-sided. Cl = confidence interval; ER = estrogen receptor; HR = hazard ratio; MAF = minor allele frequency.

t Gene name, chromosomal band, and chromosomal position based on dbSNP building 130 (ftp.ncbi.nih.gov/snp).

¥ Common allele and rare allele.

§ This value is based on SEARCH population data.

|| Cox proportional hazards models adjusted for age at diagnosis and stratified by study stage, grade, and ER status.
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