
 

 

Introduction  
 
Ovarian cancer is the fifth leading cause of can-
cer death among women in the United States, 
with an estimated 21,880 new cases and 
13,850 deaths in 2010 [1]. Paclitaxel (Taxol) or 
docetaxel (Taxotere) and platinum-based che-
motherapy (either Cisplatin or Carboplatin) are 
standard therapies after surgical debulking. 
Unfortunately, even with modern chemotherapy, 
most patients with advanced disease relapse 
and die of ovarian cancer with five-year survival 
lingering around 30% [2, 3]. Patients surviving 
longer may have inherited variants in genes 
related to metabolism of or resistance to these 
chemotherapy agents. 
 
Taxol resistance may be related to multi-drug 
resistance genes (ATP binding cassette trans-

porter genes) such as ABCB1, ABCB2, and 
ABCG2 which encode phosphoglycoprotein 
(pgp), a transmembrane transporter that leads 
to energy-dependent efflux of several drugs in-
cluding taxol. The Australian Ovarian Cancer 
Study analyzed SNPs in ABCB1 in patients 
treated with paclitaxel and carboplatinum and 
found a decreased risk of recurrence associ-
ated with certain SNPs in optimally-debulked 
patients; however, this finding was not seen in a 
larger independent validation set (SCOTROC1) 
[4]. Selected polymorphisms in multidrug resis-
tant genes ABCG2, ABCB1, and ABCC2 were 
also analyzed in 385 women in the Gynecologic 
Oncology Group (GOG) studies 172 or 182 
wherein women received paclitaxel and plati-
num chemotherapy after optimal debulking of 
stage III disease [5]. A statistically-significant 
decrease in time to cancer progression was  
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Abstract: Using the most comprehensive approach to selecting polymorphisms to date, we sought to examine 
whether time to recurrence in ovarian cancer was associated with common inherited variation in eight genes involved 
in drug metabolism, multi-drug resistance, or DNA repair, namely ABCB1, CYP2C8, CYP3A4, ERCC1, ERCC2, GSTM1, 
XPC, and XRCC1. Invasive epithelial ovarian cancer patients (N=445) seen at the Mayo Clinic from 1999 to 2009 
with 275 observed recurrences or deaths were analyzed at 94 SNPs in these candidate genes. Cox regression was 
used to estimate hazard ratios and 95% confidence intervals for each single nucleotide polymorphism (SNP) and 
outcome (defined as time to recurrence or death). Analyses were conducted at the gene level and on case subsets 
defined by histopathology and chemotherapeutic agent. At ABCB1, minor alleles at several SNPs were associated 
with outcome, with the most significant being the intronic SNP rs12334183 (HR=0.65, 95% CI 0.51-0.83; 
p=0.0005). Overall variation in ABCB1 was predictive of outcome as well (p=0.003). At ERCC2, minor alleles at sev-
eral SNPs were associated with outcome among women with high-grade serous disease (e.g., rs238417, HR 0.74, 
95% CI 0.59-0.92; p=0.006). No associations with outcome were observed in GSTM1, CYP2C8, CYP3A4, ERCC1, 
XPC, or XRCC1. In summary, inherited variation in ABCB1 and ERCC2 was associated with outcome in patients with 
ovarian cancer seen at the Mayo Clinic. As the associated SNPs have not been studied previously in ovarian cancer, 
these findings suggest novel sites of variation which may, in part, explain the range of treatment responses seen in 
this disease.  
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observed in women with polymorphisms in 
ABCG2, but not in ABCB1, or ABCC2 [5]. Other 
key genes are CYP2C8, which catalyzes hydroxy-
lation of paclitaxel at the 6th position to form 6-
alpha paclitaxel, and CYP3A4, which hydroxy-
lates the C13 position to form metabolites with 
10-fold to 40-fold less cytotoxicity [6, 7]. Poly-
morphisms in CYP2C8 have also been corre-
lated in vitro with clearance of paclitaxel [8]. 
However, no associations were seen in the larg-
est ovarian cancer study, SCOTROC1, of 914 
cases and 16 polymorphisms in genes related 
to response and toxicities to taxanes (ABCB1, 
ABCC1, ABCC2, ABCG2, CDKN1A, CYP1B1, 
CYP2C8, CYP3A4, CYP3A5, MAPT, and TP53) 
[9].  
 
Although mechanisms of platinum resistance 
are not well understood, it has been postulated 
that abnormalities in DNA binding or repair 
mechanisms may cause this resistance. Several 
studies suggest that in cancers where platinum-
based chemotherapy is effective, DNA repair 
polymorphisms predict survival [10-14]. Studies 
of other cancers show associations between 
outcome of head and neck squamous cell carci-
noma and polymorphisms in XPD (Xeroderma 
pigmentosa group D), XPC (Xeroderma pigmen-
tosa group C), XRCC1 (X-ray repair cross-
complementation group 1), and ERCC1 
(Excision repair cross-complementation group 
1) genes [11]; lung cancer and polymorphisms 
in ERCC1 [12], XPD, and XPC [14]; and ad-
vanced platinum-treated colorectal cancers and 
ERCC1 polymorphisms [13]. In ovarian cancer, 
large population-based studies have suggested 
that polymorphisms in DNA repair [9, 15] or the 
cell cycle pathway [16] were not important in 
determining survival in ovarian cancer patients. 
The GOG has also studied ERCC1 polymor-
phisms and found associations with progression 
free survival and overall survival in advanced 
ovarian cancer patients treated with paclitaxel 
and platinum [17]. ERCC2 (Excision repair cross
-complementation group 2) is also involved in 
the nucleotide excision repair mechanism and 
SNPs in this gene have been studied in the SCO-
TROC1 trial and also in the Korean population 
without significant associations to platinum re-
sponse, toxicity, or survival [9, 18]. SCOTROC1 
examined nine polymorphisms in genes related 
to response and toxicities to taxanes platinum 
(ABCC2, ABCG2, ERCC1, ERCC2, MPO, and 
XRCC1) and found no association [9].  
 

Finally, GST (glutathione S transferase) cata-
lyzes the conjugation of various electrophilic 
compounds, including paclitaxel and platinum 
and abnormalities in this gene may cause che-
motherapy resistance. A previous study of GST 
polymorphisms found that mean survival was 
longer for the GSTM1 null type (40.5 months v. 
33.5 months, p=0.006) or carriers of non-
GSTM1/GSTT1 common genotypes in ovarian 
cancer patients (55.4 months vs. 30.7 months, 
p=0.009) [19]. The SCOTROC1 study examined 
two polymorphisms in GSTP1 and found no as-
sociation with response or toxicities [9]. 
 
Thus, previous studies yielded discrepant re-
sults and were hindered with the inclusion of 
only small numbers of putatively-functional poly-
morphisms per gene. We, therefore, aimed to 
more comprehensively assess variation in the 
key genes ABCB1, CYP2C8, CYP3A4, ERCC1, 
ERCC2, GSTM1, XPC, and XRCC1 by evaluating 
all known underlying common polymorphisms 
and selecting a maximally informative set to 
study in relation to time to recurrence in over 
440 invasive epithelial ovarian cancer patients 
at the Mayo Clinic.  
 
Methods 
 
Study participants 
 
Recruitment of patients from Mayo Clinic’s gy-
necologic surgery and medical oncology depart-
ments, including administration of question-
naires and venipuncture, used established pro-
tocols approved by the Institutional Review 
Board [20]. All participants gave written in-
formed consent and included women aged 20 
years or older living in Minnesota, Iowa, Wiscon-
sin, Illinois, North Dakota, or South Dakota and 
ascertained within one year of a diagnosis of 
pathologically-confirmed primary invasive 
epithelial ovarian cancer. A total of 480 invasive 
ovarian cancer patients recruited between De-
cember 14, 1999 and May 28, 2009 and diag-
nosed within the preceding year (median time 
from recruitment to diagnosis was two days) 
were enrolled; 13 sequence-confirmed BRCA1 
or BRCA2 mutation carriers were then excluded. 
Data on clinical features of disease including 
histology, surgical outcomes, and chemotherapy 
were abstracted by an experienced research 
nurse and reviewed by gynecologic and medical 
oncology clinicians. Recurrence data were ob-
tained via the Mayo Clinic computerized medical 
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record, defining recurrence date as the date of 
initiation of second-line therapy. Vital status was 
obtained from several sources including the 
National Death Index, the Mayo Clinic computer-
ized medical record, and the Mayo Clinic Cancer 
Registry, which follows patients annually for 
overall survival who were diagnosed or received 
initial treatment at Mayo Clinic. To confirm 
dates of death, 151 death certificates were ob-
tained and were found to be 96.0% concordant 
with dates obtained via the mechanisms de-
scribed above; the median discrepancies in 
dates for six discrepant patients was two days. 
Follow-up data were obtained through March 2, 
2010; 17 cases were lost to follow-up before 
2008. DNA was extracted from 10 to 15 mL 
fresh peripheral blood using the Gentra Auto-
Pure LS Purgene salting out methodology 
(Gentra, Minneapolis, MN), bar-coded to ensure 
accurate processing, and stored at −20°C.  
 
Genes and polymorphisms 
 
Details on genes and single nucleotide polymor-
phisms (SNPs) are provided in Table 1 and addi-
tional information will be available on request 
from the corresponding author. For each gene, 
we selected tagSNPs within 5 kb upstream and 
downstream with minor allele frequency (MAF)
≥0.05 based on pair-wise linkage disequilibrium 
(LD, r2≥0.9) [21] among Europeans in HapMap 
Consortium’s release 22 [22], or, for CYP3A4, 
NIEHS SNPs [23] which provided data on more 
SNPs for this gene than HapMap. After grouping 
SNPs into LD bins, tagSNPs were evaluated for 
compatibility with a 96-SNP Illumina VeraCode 
Assay, and prioritized by VeraCode design score; 
two tagSNPs were chosen from bins with ten or 
more SNPs. One XRCC1 tagSNP was incompati-
ble with genotyping (design score <0.4); thus, 
we re-binned XRCC1 excluding this SNP. Ninety-
eight tagSNPs were selected; therefore, two 
ABCB1 SNPs (rs9282564 and rs2888599) 
which had been previously genotyped in a ma-
jority of these patients [24] (Goode EL, Chenevix
-Trench G, Hartmann LC, Fridley BL, et al: As-
sessment of hepatocyte growth factor in ovarian 
cancer mortality, submitted) were excluded 
leaving 96 SNPs on a custom genotype array 
(additional information will be available on re-
quest from the corresponding author).  
 
Genotyping and exclusions 
 
Genotyping of 467 participants, 30 duplicates, 

and 17 laboratory standards including CEU trio 
data was performed at the Mayo Clinic using an 
Illumina Veracode Assay [25]. Following DNA 
activation, incubation, amplification, and auto-
mated genotype calling [25, 26], quality control 
exclusions were performed using all data. Of the 
467 participants genotyped, two samples failed, 
and four samples were excluded based on call 
rates <95%. Additional participants were ex-
cluded based on unknown tumor stage (N=4), 
self-reported non-Caucasian race (N=2), and 
non-epithelial ovarian cancer discovered upon 
additional pathology review (N=10). Of the 96 
SNPs, two SNPs (2%) failed (ERCC1 rs11615 
and ERCC1 rs2298881). Concordance across 
duplicates was 98.7%, no Mendelian errors 
were observed among the CEU trio, and consis-
tency of 93 replicates of HapMap CEU sample 
NA10859 was 100%. We assessed departures 
from Hardy Weinberg equilibrium (HWE) with a 
Pearson goodness-of-fit test or, for SNPs with a 
MAF<0.05, a Fisher exact test. SNPs were 
screened for HWE p-values<0.0001, MAF<0.01, 
and call rate <95%; however, no exclusions 
were necessary leaving 94 SNPs and 445 par-
ticipants for statistical analysis.  
 
Genetic association analysis 
 
We used Cox proportional hazards regression 
[27] to estimate hazard ratios (HRs) and 95% 
confidence intervals (CIs) for association with 
time-to-recurrence or death. For each SNP, a 
primary association using an ordinal coding (i.e., 
0, 1, 2 copies of minor allele) was tested 
(analogous to the Armitage test for trend for 
binary endpoints) [28], and HRs with 95% CIs 
were estimated per-allele. Time of analysis was 
from date of diagnosis to recurrence (initiation 
of second-line therapy) or death, accounting for 
left truncation as patients were enrolled subse-
quent to initial diagnosis. Subjects alive and 
recurrence-free were censored at last follow-up. 
Analyses were performed on all patients as well 
as on patients with high-grade serous disease 
only. In addition, analyses at ABCB1, CYP3A4, 
and CYP2D8, were restricted to patients treated 
with taxane agents (taxol/paclitaxel or taxotere/
docetaxel); analyses at XPC, ERCC1, ERCC2, 
and XRCC1 were restricted to patients treated 
with platinum agents (cisplatin or carboplatin); 
analyses at GSTM1 were restricted to patients 
treated with either taxane or platinum agents. 
Primary analyses were unadjusted for covari-
ates; however, sensitivity analyses were also 
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Table 1. Gene Information           

Name GeneID RefSeq Chr Str Start (bp) Size (bp) Description tagSNP Source 
Bin 

Coverage 
N SNPs Analyzed 

(Attempted) 
GSTM1 2944 NM_000561.3 1 + 110,031,965 5,925 Glutathione S-transferase M1 HapMap 100% 1 (1) 

XPC 7508 NM_004628.4 3 + 14,161,648 33,495 Xeroderma pigmentosum, complementation group C HapMap 85% 11 (11) 

ABCB1 5243 NM_000927.3 7 + 86,970,884 209,616 ATP-binding cassette, sub-family B (MDR/TAP), member 1 HapMap 91% 33 (33) 

CYP3A4 1576 NM_017460.3 7 + 99,192,540 27,204 Cytochrome P450, family 3, subfamily A, polypeptide 4 NIEHS SNPs 63% 5 (5) 

CYP2C8 1558 NM_000770.3 10 - 96,786,519 32,725 Cytochrome P450, family 2, subfamily C, polypeptide 8 HapMap 92% 14 (14) 

XRCC1 7515 NM_006297.2 19 + 48,739,304 32,251 X-ray repair complementing defective repair in Chinese 
hamster cells 1 

HapMap 100% 16 (16) 

ERCC2 2068 NM_000400.3 19 + 50,546,686 18,983 Excision repair cross-complementing rodent repair 
deficiency, complementation group 2 (xeroderma 
pigmentosum D) 

HapMap 85% 11 (11) 

ERCC1 2067 NM_001983.2 19 + 50,604,712 14,305 Excision repair cross-complementing rodent repair 
deficiency, complementation group 1 (includes 
overlapping antisense sequence) 

HapMap 60% 3 (5) 

                  Total 94 (96) 

Genome build 36.3; Refseq Release 29; chr, chromosome, str, strand, bp, base pairs; N analyzed SNPs excludes two (2%) which failed genotyping; sorted by chromosomal position; bin 
coverage calculated as number of bins with one or more tagSNPs successfully genotyped divided by the number of total bins (SNPs failed either due to incompatibility with assay design or to 
genotype failure). 
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performed adjusted for age, stage, grade, pres-
ence of ascites, and degree of debulking 
(factors associated with outcome at p<0.05) to 
evaluate whether observed SNP associations 
acted via an influence on these clinical factors. 
Gene-level tests were conducted using principal 
component analysis in a manner similar to that 
described previously [29]; components that ex-
plained 90% of SNP variance within each gene 
were included as predictors in Cox models and 
simultaneously tested for association using a 
multiple degree-of-freedom likelihood ratio test. 
Gene effects were also examined using analy-
ses of haplotypes with estimated frequency 
≥0.05 [30]. Due to the exploratory nature of all 
analyses, associations were considered statisti-
cally significant at p≤0.01. Plots of LD displaying 
r2 for each gene were created using Haploview 
version 4.2 [31].  
 
Results 
 
Characteristics of 445 successfully-genotyped 
invasive epithelial ovarian cancer patients are 
shown in Table 2. The majority of patients had 
tumors of serous histology (66%) and was diag-
nosed at stage III or IV (74%). Most patients 
underwent primary debulking surgery at Mayo 
Clinic (93%) with ≤1 cm tumor remaining (85%) 
and had presence of ascites (63%) and positive 
cytology (64%). A total of 275 patients (62%) 
recurred or died during the study period includ-
ing 191 high-grade serous cases; among 170 
non-recurring living patients, median follow-up 
time was 3.2 years (range, 0.1 to 8.9 years).  
 
At ABCB1, minor alleles at several SNPs were 
associated with outcome, with the most statisti-
cally significant being the intronic rs12334183 
tagging the intronic rs2235015, rs10260862, 
and rs10280623 (HR 0.65, 95% CI 0.51-0.83; 
p=0.0005; Table 3). We examined the impact of 
adjustment for clinical variables associated with 
outcome (age, stage, grade, presence of as-
cites, and degree of debulking) and found some 
attenuation in risk estimates (e.g., rs12334183 
HR 0.74, 95% CI 0.57-0.95; p=0.02). This sug-
gests that although SNPs may impact outcome 
via an influence on these clinical features, sev-
eral ABCB1 SNPs remained predictors of out-
come at p<0.05 above and beyond clinical fea-
tures. LD among the ABCB1 SNPs studied was 
variable (Figure 1); thus, many of the associa-
tions with p<0.05 were at only loosely-
correlated SNPs; for example r2 between 

rs2235023 and rs12334183 was 0.28. Ac-
counting for residual LD, we collapsed the 33 
genotyped ABCB1 SNPs into nine orthogonal 
principal components and assessed whether 
these were associated with outcome.  Indeed, 
these components were predictive of outcome 
(p=0.003; Table 4). We also assessed associa-
tion among a subset of 365 cases known to be 
treated with taxol/paclitaxel, taxotere, or do-
cetaxel (82%) and found that most associations 
remained despite the reduced sample size 

Table 2. Characteristics of 445 ovarian cancer 
patients 
Clinical Factor N Cases (%) 
Recurrence status   

Recurred or deceased 275 (62%) 
No recurrence 170 (38%) 
Histologic Sub-type   
Serous 289 (66%) 
Mucinous 19 (4%) 
Endometrioid 74 (17%) 
Clear cell 29 (7%) 
Mixed epithelial 27 (6%) 

Age at diagnosis, yrs   
<50 78 (18%) 
50-59 114 (26%) 
60-69  119 (27%) 
70+ 134 (30%) 
Stage   
I 85 (19%) 
II 32 (7%) 
III 251 (56%) 
IV 77 (17%) 

Grade   
1-2 70 (16%) 
3 207 (48%) 
4 151 (35%) 

Tumor volume following surgery   
Optimal, < 1 cm remaining 363 (85%) 
Suboptimal, > 1 cm remaining 65 (15%) 
Ascites   
Yes 215 (63%) 
No 125 (37%) 
Chemotherapy   

Yes 404 (91%) 
No/Unknown 41 (9%) 
Chemotherapeutic Agent   
Platinum and taxane 353 (91%) 
Platinum only 17 (4%) 
Taxane only 4 (1%) 
Neither platinum or taxane 12 (3%) 

Numbers may not add to 445 due to missing data; 
key demographic and clinical factors shown. 
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(Table 3). Finally, analysis of ABCB1 among a 
subset of 262 high-grade serous cases showed 
the same trends in SNP association, but didn’t 
suggest a sub-type-specific association. 

At ERCC2, a greater number of SNPs were asso-
ciated at p<0.01 in high-grade serous cases 
(Table 3) than in analysis of all cases, suggest-
ing heterogeneity across sub-types with risk 

Table 3. Ovarian cancer time to recurrence per-allele hazard ratios (HRs) and 95% confidence intervals 
(95%CI) for SNPs in ABCB1 and ERCC2 
    kb to 

next 
All Sub-types (N=445) All Sub-types on Taxane (N=365) 

Gene rsid HR (95% CI) p HR (95% CI) p 
ABCB1 rs6946119 4.1 1.02 (0.84 - 1.25) 0.83 0.95 (0.76 - 1.19) 0.66 
  rs1055302 0.6 0.84 (0.64 - 1.10) 0.20 0.82 (0.61 - 1.11) 0.20 
  rs17064 5.0 0.82 (0.57 - 1.17) 0.28 0.75 (0.50 - 1.13) 0.17 
  rs2235048 3.3 1.05 (0.89 - 1.24) 0.54 1.06 (0.88 - 1.27) 0.56 
  rs6949448 15.2 0.95 (0.80 - 1.12) 0.52 0.95 (0.79 - 1.15) 0.62 
  rs7787082 6.0 0.84 (0.66 - 1.06) 0.14 0.90 (0.69 - 1.16) 0.41 
  rs11760837 1.5 0.72 (0.53 - 0.97) 0.03 0.80 (0.58 - 1.11) 0.19 
  rs10274587 5.2 0.72 (0.53 - 0.97) 0.03 0.80 (0.58 - 1.11) 0.19 
  rs12720066 4.0 0.97 (0.65 - 1.43) 0.87 0.77 (0.49 - 1.21) 0.26 
  rs1922242 0.8 1.17 (0.99 - 1.37) 0.06 1.10 (0.92 - 1.32) 0.29 
  rs2091766 4.6 1.10 (0.94 - 1.29) 0.24 1.04 (0.87 - 1.24) 0.67 
  rs2235033 0.3 0.86 (0.73 - 1.02) 0.09 0.87 (0.72 - 1.05) 0.15 
  rs2032588 0.2 0.67 (0.47 - 0.97) 0.03 0.63 (0.42 - 0.95) 0.03 
  rs1128503 10.9 1.01 (0.85 - 1.19) 0.95 1.04 (0.86 - 1.25) 0.70 
  rs2235023 1.2 0.58 (0.40 - 0.82) 0.003 0.53 (0.36 - 0.79) 0.002 
  rs13237132 9.7 1.21 (1.03 - 1.44) 0.02 1.16 (0.97 - 1.40) 0.11 
  rs12334183 1.2 0.65 (0.51 - 0.83) 0.0005 0.67 (0.52 - 0.88) 0.004 
  rs10264990 3.0 1.24 (1.05 - 1.47) 0.01 1.20 (1.00 - 1.44) 0.05 
  rs1989830 5.3 0.82 (0.68 - 0.98) 0.03 0.82 (0.67 - 1.00) 0.05 
  rs1202172 2.0 0.82 (0.68 - 0.98) 0.03 0.82 (0.67 - 1.00) 0.05 
  rs17327442 0.9 1.12 (0.89 - 1.40) 0.33 1.11 (0.87 - 1.42) 0.42 
  rs1202184 1.2 1.12 (0.95 - 1.32) 0.19 1.12 (0.94 - 1.35) 0.21 
  rs1211152 1.7 0.94 (0.71 - 1.25) 0.68 0.91 (0.65 - 1.26) 0.56 
  rs17327624 2.7 1.10 (0.89 - 1.34) 0.37 1.08 (0.87 - 1.35) 0.49 
  rs13229143 0.9 0.83 (0.70 - 0.99) 0.03 0.85 (0.71 - 1.03) 0.09 
  rs12535512 0.6 1.03 (0.87 - 1.22) 0.75 1.02 (0.85 - 1.23) 0.84 
  rs3789243 8.6 1.11 (0.94 - 1.31) 0.23 1.09 (0.91 - 1.30) 0.36 
  rs2214102 4.1 0.85 (0.64 - 1.13) 0.27 0.83 (0.61 - 1.14) 0.25 
  rs4728709 0.4 1.22 (0.92 - 1.62) 0.18 1.17 (0.86 - 1.60) 0.31 
  rs4148732 10.9 1.28 (1.01 - 1.60) 0.04 1.31 (1.02 - 1.69) 0.03 
  rs13233308 25.5 0.94 (0.79 - 1.10) 0.44 0.93 (0.78 - 1.11) 0.42 
  rs2157926 5.1 1.22 (0.92 - 1.62) 0.18 1.17 (0.86 - 1.60) 0.31 
  rs10246878 --- 0.99 (0.81 - 1.21) 0.89 1.00 (0.80 - 1.25) 0.99 
    kb to 

next 
High-Grade Serous (N=262) High-Grade Serous on Platinum (N=234) 

Gene rsid HR (95% CI) p HR (95% CI) p 
ERCC2 rs10853773 2.4 1.16 (0.93 - 1.44) 0.20 1.16 (0.92 - 1.46) 0.22 
  rs13181 1.2 1.09 (0.90 - 1.32) 0.38 1.05 (0.86 - 1.29) 0.63 
  rs1799787 0.3 1.21 (0.97 - 1.51) 0.09 1.19 (0.94 - 1.50) 0.15 
  rs238417 0.6 0.74 (0.59 - 0.92) 0.006 0.75 (0.60 - 0.94) 0.01 
  rs238416 0.2 0.79 (0.63 - 0.98) 0.04 0.83 (0.66 - 1.04) 0.10 
  rs238415 5.2 0.75 (0.61 - 0.93) 0.01 0.76 (0.60 - 0.95) 0.02 
  rs50872 0.1 1.20 (0.94 - 1.52) 0.14 1.10 (0.85 - 1.42) 0.49 
  rs50871 9.1 0.95 (0.79 - 1.14) 0.57 0.92 (0.76 - 1.13) 0.44 
  rs1618536 2.3 0.89 (0.73 - 1.08) 0.24 0.92 (0.75 - 1.14) 0.45 
  rs3810366 3.0 1.04 (0.85 - 1.27) 0.72 0.99 (0.80 - 1.23) 0.94 
  rs11878644 --- 1.09 (0.89 - 1.33) 0.43 1.08 (0.86 - 1.35) 0.50 
Bold indicates p<=0.05 
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estimates were farther from the null in the high-
grade serous group. Among cases with high-
grade serous disease, minor alleles at a cluster 
of three SNPs with r2≥0.74 were associated 
with outcome (e.g., rs238417 HR 0.74, 95% CI 
0.59-0.92, p=0.006). With adjustment for clini-
cal covariates, associations remained, suggest-
ing that genetic variation was an independent 
prognostic factor. Analysis of eight common 
ERCC2 haplotypes among patients with high 
grade serous disease was not statistically sig-
nificant at p<0.01, but was of borderline statisti-
cal significance (p=0.05, Table 4). Among 234 
high-grade serous cases treated with cisplatin 
or carboplatin (89%), results were similar to 
those in the overall group (Table 3). Thus, varia-
tion in this DNA repair gene appears related to 
outcome of high-grade serous disease, and this 
may be due to differential response to platinum-
induced DNA damage. 
 
No associations with outcome were observed 
for GSTM1, CYP2C8, CYP3A4, ERCC1, XPC, or 
XRCC1 (Table 4 and additional information will 
be available on request from the corresponding 
author). 
 
Discussion 
 
In a clinic-based series of invasive epithelial 
ovarian cancer cases, we report associations 
between time to recurrence or death and sev-
eral SNPs in ABCB1 and ERCC2, and we de-
tected no association with variation in GSTM1, 
CYP2C8, CYP3A4, ERCC1, XPC, or XRCC1. We 
found that adjustment for clinical factors re-
sulted in only moderately-attenuated risk esti-
mates at ABCB1 and ERCC2, suggesting that 

although SNPs may correlate with clinical fea-
tures they were also associated with outcome, 
above and beyond these clinical features. We 
also found that ERCC2 was primarily associated 
with outcome among high-grade serous cases. 
Analysis of patients treated with taxanes or 
platinum chemotherapies (the vast majority of 
cases) showed consistent results. Although the 
current sample size did not allow for a detailed 
assessment of the pharmacogenetic effects 
(i.e., comparison of SNP associations in treated 
v. untreated groups using interaction models), 
results in treated subgroups, despite reduced 
sample size, are consistent with our hypothesis 
that variation in drug metabolism influences 
outcome. 
 
Strengths of the current report include compre-
hensive coverage of each gene (tagging all 
SNPs within 5 kb with MAF≥0.05 at r2≥0.9), 
relatively large sample size, pathologically-
confirmed diagnoses, rapid enrollment, ho-
mogenous yet representative patient popula-
tion, robust genotyping, and analysis at both the 
SNP-level and gene-level. Limitations of this 
work are lack of analysis of toxicities and spe-
cific chemo-response variables (e.g., classifica-
tion of patients into complete responders, par-
tial responders, and non-responders); in addi-
tion, we did not compare SNP effects across 
treatment groups due to small numbers of pa-
tients not on chemo-therapeutics. Prior studies 
of drug-metabolizing genes in the ovarian can-
cer clinical trial setting (i.e., GOG and SCO-
TROC1) had excellent clinical follow-up data, but 
were limited to assessment of only a handful of 
SNPs within each gene [9, 17]. Thus, true asso-
ciations may have been overlooked, as the cur-

Table 4. Gene-level associations 
      All Cases (N=445) High-Grade Serous (N=262) 

      PCA Haplotype Analysis PCA Haplotype Analysis 
Gene Chr N SNPs N PC p-value N Haplotypes p-value N PC p-value N Haplotypes p-value 
GSTM1 1 1 1 0.65 na na 1 0.73 na na 
XPC 3 11 5 0.52 7 0.63 5 0.92 7 0.80 
ABCB1 7 33 9 0.003 3 0.46 9 0.36 3 0.23 
CYP3A4 7 5 3 0.28 3 0.62 3 0.57 3 0.69 
CYP2C8 10 14 5 0.09 6 0.04 5 0.43 6 0.41 
XRCC1 19 16 4 0.37 6 0.50 4 0.44 5 0.54 
ERCC2 19 11 5 0.44 9 0.59 5 0.11 8 0.05 
ERCC1 19 3 2 0.37 3 0.30 2 0.12 3 0.07 

Chr, chromosome; N cases, number of cases with no missing genotypes; N PC, number of principal components into 
which SNPs collapsed; bold indicates p < 0.05; sorted by gene set, then by chromosomal position. 
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Figure 1. Linkage disequilibrium plot of ABCB1. Haploview 4.2 based on 445 cases; r2=0=white and r2=1=black; numbers represent r2 * 100; genome build 
36.3. 
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rent report sought to capture all known common 
variation within each gene, and the previously-
studied SNPs were not correlated with those of 
interest in the current report. 
 
Specifically, the two ABCB1 SNPs which we 
found associated with outcome (rs2235023 
and rs12334183) were not included in prior 
work.  In a study of 309 Australian patients 
treated with paclitaxel and carboplatin geno-
typed at ABCB1 rs2032582 (2677G>T), 
rs1045642 (3435C>T), and rs1128503 
(1236C>T), women with minor alleles at 
rs2032582 with minimal residual disease were 
less likely to relapse following paclitaxel/
carboplatin chemotherapy; however, analysis of 
SCOTROC1 cases with minimal residual disease 
were not consistent[4], and data from GOG 
were also null[5]. We studied two SNPs in LD 
(r2>0.9) with rs2032582 (rs1128503 and 
rs12202184), and results were null in the Mayo 
Clinic patients. It is possible that the effect of 
rs2032582 appears only among a subset of 
women with minimal residual disease. A Swed-
ish report found ABCB1 rs229109 (G1199T/A) 
to be associated with poorer outcome [32]; un-
fortunately, because the expected MAF of this 
SNP was <0.05, this SNP was not tagged in our 
analysis. Only one prior analyses of ERCC2 has 
been conducted, and this only examined one 
polymorphism (rs13181, K251Q) finding no 
association with ovarian cancer outcome [9]. 
While this SNP was also null in our analysis of 
Mayo Clinic cases; other ERCC2 SNPs were sig-
nificant at p<0.01. Thus, our positive findings in 
ABCB1 and ERCC2 represent novel associa-
tions, previously unassessed in other study 
populations, and results underscore the impor-
tance of maximizing coverage of SNPs within 
candidate genes.  
 
At ERCC1, we found a non-significant trend of 
poorer outcome (HR 1.11, 95% CI 0.92-1.34) at 
rs32129386 (8092C>A), a SNP which was as-
sociated with earlier progression in GOG172, a 
trial of 429 women treated with taxol and cis-
platinum after optimal surgery for stage III dis-
ease [17] and has been associated with poorer 
outcome in a Korean study of 118 patients [18]. 
Despite non-significant results in SCOTROC1 
[9], combined or meta-analysis may yield statis-
tically-significant results across all these and 
the Mayo Clinic population. At another ERCC1 
SNP rs11615 (N118N), among 103 Italian pa-
tients who had surgery for advanced ovarian 
cancer and received platinum chemotherapy 

with or without taxol, patients with minor alleles 
had higher risk of progression and death when 
treated with platinum without taxol [33]. Unfor-
tunately, we were not able to assess rs11615 
due to failed genotyping, and we note that SCO-
TROC1 found this to be null [9]. Other null find-
ings in our analyses of Mayo Clinic patients are 
consistent with prior reports [9, 18]. 
 
In summary, we have analyzed the largest col-
lection of drug-metabolizing polymorphisms and 
ovarian cancer outcome to date, and we have 
included the second largest collection of pa-
tients yet reported. While the genes studied 
were not novel, the ABCB1 and ERCC2 SNPs 
found to be of most interest (rs12334183 and 
rs238417) have not been assessed in other 
ovarian cancer studies; thus, of all the SNPs we 
assessed, these warrant investigation in other 
clinical populations. Prior analyses of other case 
collections at only a handful of polymorphisms 
in these drug-metabolizing genes are not defini-
tive at the gene level. Comprehensive selection 
of polymorphisms chosen to be maximally infor-
mative of the underlying genetic variation, com-
bined with gene-level statistical analysis, is criti-
cal to the elucidation of inherited factors related 
to outcome following ovarian cancer. 
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