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Purpose—Efflux transporters of the ATP-binding cassette (ABC) family are major determinants
of chemoresistance in tumor cells. This study examined associations between functional variants
in ABCB1, ABCC2 and ABCG2 genes and clinical outcomes in patients with epithelial ovarian/
primary peritoneal cancer (EOC/PPC) following platinum and taxane-based chemotherapy.

Methods—Sequenom iPLEXTMGOLD Assay and MALDI-TOF platform were used to
genotype the non-synonymous G2677T/A (rs2032582; encoding Ala893Ser/Thr) and synonymous
C3435T (rs1045642; encoding Ile1145Ile) variants in ABCB1, the non-synonymous G1249A
variant in ABCC2 (rs2273697; encoding Val417Ile), and the non-synonymous C421A variant in
ABCG2 (rs2231142; encoding Q141K, Gln141Lys) in normal DNA from up to 511 women in
Gynecologic Oncology Group (GOG) phase III trials, GOG-172 or GOG-182. Progression-free
survival (PFS) and overall survival (OS) were analyzed in relation to genetic polymorphisms using
Kaplan-Meier and Cox proportional hazards model.

Results—The C421A variant (CA+AA versus CC) in ABCG2 was associated with a 6-month
longer median PFS (22.7 versus 16.8 months, p=0.041). In multivariate analysis, patients with
variant genotypes were at a reduced risk of disease progression (hazard ratio [HR]=0.75, 95%
confidence interval [CI]=0.59–0.96, p=0.022). The association between C421A and OS was not
statistically significant (HR=0.88, 95% CI=0.67–1.15, p=0.356). None of the other variants
measured in either ABCB1 or ABCC2 was associated with PFS or OS.

Conclusion—The C421A variant in ABCG2, previously shown to be associated with enhanced
protein degradation and drug sensitivity, was associated with longer PFS in advanced stage EOC/
PPC patents treated with platinum+taxane-based chemotherapy. This finding requires further
validation.

INTRODUCTION
Staging laparotomy with cytoreduction followed by platinum/taxane-based chemotherapy is
the standard of care for women with advanced stage epithelial ovarian cancer (EOC). About
30% of advanced staged patients fail to respond initially to standard of care treatment, and a
majority of the responders ultimately relapse over time [1–3]. While the mechanisms
underlying inherent and acquired chemoresistance are not fully understood, there is growing
evidence that ATP-binding cassette (ABC) multidrug efflux pumps play an important role.
ABC transporters constitute a super-family of proteins with 48 members that transport a
variety of endogenous or exogenous compounds across the cell membrane, using the energy
provided by ATP hydrolysis [4–7]. The ABC transporters are subdivided into seven distinct
subfamilies (ABCA through ABCG) with overlapping and/or unique selectivity for targets
[7]. When properly functioning, these transporters effectively transport compounds out of
cells.

Of the ABC transporters, ABCB1, ABCC1, ABCC2, ABCC3 and ABCG2 are most often
associated with resistance of cancer cell to multiple drugs termed multidrug resistance
(MDR) [7, 8]. ABCB1, previously known as multidrug resistance 1 (MDR1) gene, encodes
p-glycoprotein (PgP). This was the first ABC transporter found to selectively confer MDR
in cancer cell by directly pumping out a broad spectrum of anticancer drugs, including
paclitaxel and doxorubicin [6,7]. Increased expression of ABCB1 in tumor cells has been
shown to correlate with a poor response to paclitaxel [9,10]. ABCC1, ABCC2 and ABCC3
encode multidrug resistance-associated protein 1 (MRP1), 2 (MRP2) and 3 (MRP3),
respectively, and transport drugs conjugated to glutathione including platinum agents
[5,7,11,12] and taxanes [13,14]. Glutathione conjugation is a major cellular mechanism for
inactivating exogenous compounds. Once conjugated, platinum agents are efficiently
exported from the cell via ABCC transporters and cannot re-enter the cell. The ABCC2 gene
is overexpressed in some platinum-resistant ovarian cancer cells [5,8,11,12]. ABCG2, also
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known as mitoxanthrone-resistance gene (MXR), breast cancer resistance protein (BCRP),
or the ABC transporter in placenta (ABCP), encodes a broad-specificity transmembrane
transporter [5,15] for a variety of compounds including platinum agents, paclitaxel,
doxorubicin, and topotecan [16–18]. The list of ABCG2 substrates currently includes
nucleoside analogues such as gemcitabine, tyrosine kinase inhibitors, anti-virals, HMG-CoA
reductase inhibitors, and flavonoids [17,18].

Functional variants have been identified in a number of the MDR-associated ABC genes that
appear to influence drug sensitivity/resistance through various mechanisms including
expression level, stability, degradation, substrate-specificity and/or activity of these
transporters [5,7,19–24]. The current study utilized germline DNA from two phase III
Gynecologic Oncology Group (GOG) clinical trials, GOG-172 [25] and GOG-182 [26], to
determine if functional variants in ABCB1, ABCC2, and ABCG2 genes in EOC patients were
associated with progression-free survival (PFS) and/or overall survival (OS) following
platinum+taxane-based chemotherapy. We evaluated variants of ABCB1, ABCC2 and
ABCG2 because the substrates of these genes include the standard agents used to treat
advanced, persistent or recurrent EOC, such as cisplatin, carboplatin, topotecan, paclitaxel,
doxorubicin and gemcitabine. The four common variants were selected based on the
previous publications in which these polymorphisms were extensively studied in ovarian
cancer and other cancers, with variable results. We assessed their prognostic values by
taking advantage of the clinical data from GOG phase III trials. Subset analyses were
performed to explore if the relationship between functional variants in ABC transporter
genes and clinical outcomes were influenced by protocol, tumor stage, residual disease, or
treatment regimen.

METHODS
Study Population

This study focused on the subset of patients who participated in GOG-172 [25] or GOG-182
[26] with non-tumor DNA available for genotyping. All of the women gave written
informed consent and provided a blood specimen for research consistent with all federal,
state and local requirements. Details regarding eligibility criteria, treatment and clinical
outcomes of these two protocols have been reported elsewhere [25,26]. In brief, GOG-172
was a randomized two-arm phase III clinical trial to compare intravenous with
intraperitoneal cisplatin+paclitaxel chemotherapy in patients with optimally resected stage
III EOC or primary peritoneal cancer (PPC). Treatment was given every three weeks for six
cycles and the study results supported an improved prognosis for women with IP
chemotherapy [25]. GOG-182 was a five-arm phase III trial using carboplatin+paclitaxel
alone as the control arm plus one additional drug (gemcitabine, doxil, topotecan) in triplet or
sequential doublet regimens. Patients with stage III or IV EOC or PPC, with either no (<0.1
cm), optimal (0.1–1 cm) or suboptimal (>1 cm) gross residual disease were randomized to
five arms. It was shown that all four experimental arms had similar clinical outcomes
relative to the control arm [26].

Genotyping
Blood was collected from patients at the time of enrollment, and genomic DNA was
extracted from samples using either the Puregene DNA isolation kit (GentraSystems, Inc.
Minneapolis, MN), or the ABI PRISM 6100 Nucleic Acid Prep Station (Applied
Biosystems, Inc, Foster City, CA) as previously described [27]. Sequenom iPLEXTMGOLD
Assay and MALDI-TOF platform were used to genotype the G2677T/A (rs2032582) and
C3435T (rs1045642) polymorphisms in ABCB1, the G1249A polymorphism in ABCC2
(rs2273697), and the C421A polymorphism in ABCG2 (rs2231142) in normal DNA as
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described previously [28]. Ten percent blinded duplicates were included for quality control,
and DNA from CEPH pedigrees was included to confirm genotypes.

Clinical End Points
PFS was calculated as the time in months from study enrollment to disease progression
(surgical, clinical or serological evidence) or death from any cause, whichever came first.
For women who were alive with no evidence of disease progression, PFS was the time until
the date of last contact. OS was calculated as the time from enrollment to death from any
cause or to the date of last contact for those who were still alive.

Statistical Analysis
The genotype data were tested for Hardy-Weinberg equilibrium (HWE) using exact
permutation test, and the genotype distributions were also compared to published data to
ensure the validation of genotyping. Associations between polymorphisms and clinical
characteristics were assessed using Wilcoxon rank-sum (for age), Pearson-χ2 or Fisher exact
test (for categorical variables). Kaplan-Meier method was used to estimate PFS and OS
distributions, and the logrank test was used to compare the survival function by genotype. A
Cox proportional hazards model was used to assess the associations between the
polymorphisms and PFS or OS adjusted for cell type (clear cell/mucinous versus other
histologic subtypes), an aggregate of stage and residual disease status (stage III with none or
microscopic residual disease versus stage III with <1 cm residual disease versus stage III
with ≥1 cm residual disease or stage IV) and treatment regimen. These covariates were
chosen for adjustment based on a pre-evaluation and their documented prognostic relevance
in previous GOG studies [29]. The adjusted hazard ratio (HR) for polymorphic versus
common genotypes was estimated according to the codominant mode, followed by
combining both heterozygous and homozygous variants. For analysis of the G2677T/A
variant in ABCB1, the GT was combined with GA, and TT was combined with TA. For
analysis of the C421A variant in ABCG2, AA was combined with CA. Subset analyses were
conducted by protocol, the aggregate of stage and residual disease status, and treatment
regimen. All statistical testing was two-sided and a p-value of <0.05 was considered
statistically significant, except for the subset analyses which were exploratory to prioritize
further testing.

RESULTS
This study included 511 eligible women with germline DNA available for genotyping. The
patient characteristics of this cohort are provided in Table 1. The median age for the cohort
was 58 years with 91% Caucasians, 94% with a 0 to 1 baseline GOG performance score,
78% had serous adenocarcinoma and 75% had optimal-resected stage III (none, microscopic
or <1 cm residual) disease after surgical debulking. There were 232 patients from GOG-172
who were randomized to intraperitoneal or intravenous cisplatin+paclitaxel, and 279 patients
from GOG-182 who were randomized to intravenous carboplatin+paclitaxel alone or in
combination with gemcitabine, doxil or topotecan as a triplet or sequential doublet. At the
time of analysis, 342 patients had died, 84 women were alive with no evidence of disease,
and 85 were alive with documented recurrence. The median follow-up for those still alive
was 72 months.

ABCB1 Polymorphisms
The G2677T/A and C3435T polymorphisms in ABCB1 were consistent with HWE (p>0.05)
and demonstrated a strong linkage disequilibrium (p<0.001). Neither of these
polymorphisms was associated with age, GOG performance score, tumor grade, histology,
stage or residual disease status (data not shown), but both varied by race. A majority of
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African American women exhibited homozygous common allele genotypes for both of these
polymorphisms in ABCB1, and rarely, if ever, displayed the homozygous variant(s). Neither
polymorphism in ABCB1 appeared to be associated with PFS or OS in the full cohort (Table
2, Figure 1A and 1B) or the subset of non-African American patients (data not shown). In
addition, exploratory subset analyses did not suggest any associations between these two
polymorphisms in ABCB1 and outcomes in subgroups stratified by protocol, stage, residual
disease status or treatment regimen.

ABCC2 Polymorphism
The G1249A polymorphism in ABCC2 was not associated with patient characteristics
including race (data not shown). Women with the AA vs the GA or GG genotype appeared
to have worse PFS (Figure 1C) but this relationship did not achieve statistical significance
(logrank test: p=0.443). When compared with women with the GG genotype, women with
the AA genotype had an increased risk of disease progression (HR=1.62, 95% CI: 1.06–
2.48, p=0.025) but not women with the GA genotype (HR=0.98, 95% CI: 0.80–1.20,
p=0.839), or the GA+AA genotypes (HR=1.04, 95% CI: 0.86–1.27, p=0.692) (Table 2). The
G1249A variant in ABCC2 was not associated with OS (Table 2). The exploratory subset
analyses did not suggest that these results varied by protocol, stage, residual disease status or
treatment regimen.

ABCG2 Polymorphism
There were no associations between the C421A polymorphism in ABCG2 and patient
characteristics including race (Table 3). Patients carrying at least one variant (A) allele in the
ABCG2 C421A polymorphism appeared to have better PFS (logrank test: p=0.041, Figure
2A) and similar OS (Figure 2B, Table 3). Adjusted Cox modeling confirmed that women
with the CA+AA genotypes compared with the CC genotype in the C421A polymorphism
had a reduced risk of disease progression (HR=0.75, 95% CI: 0.59–0.96, p=0.022) and
similar risk of death (Table 2). Figure 3 illustrates the results of the exploratory subset
analyses for the ABCG2 C421A polymorphism and PFS. The strongest relationships
appeared to be observed in the subset of patients with macroscopic stage III disease (Figure
3C) and those randomized to the sequential doublet with carboplatin+gemcitabine followed
by carboplatin+paclitaxel (Figure 3D).

DISCUSSION
This study focused on functional variants in ABCB1, ABCC2 and ABCG2 based on the role
that these genes play in drug resistance [6–10], MDR [7, 8], and specifically in the efflux of
cisplatin, carboplatin, paclitaxel, gemcitabine, doxorubicin and/or topotecan [5–7,11–14,16–
18]. We found that the C421A variants in ABCG2 were associated with longer PFS in
advanced stage EOC/PPC treated with platinum+paclitaxel-based chemotherapy. ABCG2
encodes BCRP/ABCP, a transporter for platinum agents, paclitaxel, doxorubicin, and
topotecan that mediates drug absorption, distribution, elimination, MDR and appears to be
associated with clinical outcome [5,15–18,30–39]. For example, Yoh et al [16] evaluated the
expression of ABCB1, ABCC1, ABCC2, ABCC3 and ABCG2 in 72 patients with advanced
non-small cell lung cancer (NSCLC) and reported an enhanced response to platinum (44%
vs 24%) and improved PFS (p=0.0003) and OS (p=0.004) in ABCG2-negative patients
compared with ABCG2-positive patients.

Although the functional effects of the ABCG2 C421A polymorphism remain inconclusive,
some research suggests that the variant genotypes may result in altered ATPase activity
[31,36] or reductions in the efflux activity of the transporter, thereby enhancing drug
sensitivity [21–24,31,36–39]. The non-synonymous C421A polymorphism in ABCG2 results
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in an amino acid change, Gln141Lys. Sparreboom et al found that the CA heterozygote
patients had a 1.34-fold increased oral bioavailability of topotecan compared with the
common allele (42.0% vs 31.4%; p= 0.037) in the C421A polymorphism [39]. How
variations in the functional activity of the transporter encoded by the ABCG2 gene influence
chemotherapy response (directly or indirectly) in our study is not known. In the current
investigation, we reported that patients with a variant allele (CA or AA genotype) had
significantly longer PFS, but similar OS. The lack of an association between the ABCG2
C421A polymorphism and OS is thought to reflect, at least in part, the heterogeneity in
salvage therapies employed following disease progression. In contrast to our findings, Marsh
et al [40] showed that the C421A polymorphism in ABCG2 was not associated with PFS,
CA125 response or clinical/radiologic response in the ovarian cancer Scottish Randomized
Trial (SCOTROC1). Differences in the type of first-line chemotherapy, eligibility criteria,
and end points as well as the statistical and laboratory methods employed in the GOG vs
SCOTROC1 phase III trials, may explain, at least in part, the disparity in results observed
between studies.

Our subset analyses suggest a stronger association between the ABCG2 C421A
polymorphism and PFS in patients from GOG 172 as compared to GOG 182. GOG172
patients were treated with cisplatin+paclitaxel, while GOG 182 patients were treated with
carboplatin+paclitaxel chemotherapy. Hence, it is likely that the difference in PFS and the
C421A variant between the two trials is a result of the platinum used. There is evidence that
the influx/efflux of carboplatin is slow, but persistent and less impacted by other metabolism
factors as compared to cisplatin [6]. We speculate that the impact of this polymorphism on
treatment effect is more pronounced in aggressive, toxic drugs, such as cisplatin. In addition,
the exploratory subset analyses also identified the stronger associations between the C421A
polymorphism and PFS in the subset of patients with macroscopic stage III disease and
those randomized to the sequential doublet with carboplatin+gemcitabine followed by
carboplatin+paclitaxel.

A number of studies suggest that expression of ABCB1 appears to be an indicator for
efficacy of paclitaxel-based chemotherapy [10,41–43]. For example, expression of ABCB1
or p-glycoprotein was inversely associated with paclitaxel response and clinical outcome,
and inhibition of ABCB1 expression by small interfering RNA was able to reverse the
paclitaxel resistance in human ovarian cancer cells [10,41–43]. Of the more than 50 SNPs
identified in the ABCB1 gene, G2677T/A is a non-synonymous polymorphism (encoding
Ala893Ser/Thr), and C3435T is a synonymous polymorphism (encoding Ile1145Ile)
associated with reduced ABCB1 mRNA expression [44]. To date, studies evaluating the
relationship between ABCB1 polymorphisms and either gene function, pharmacokinetics,
response or PFS have often yielded distinct results [40,45–48]. For example, our study
examined ~500 EOC/PPC patients with stage III–IV disease treated with at least 6 cycles of
cisplatin+paclitaxel or caboplatin+paclitaxel-based chemotherapy, and demonstrated that the
either G2677T/A or C3435T polymorphism in ABCB1 was not correlated with PFS or OS,
and no association was suggested in any subgroups stratified by stage, residual disease status
or treatment regimen. In contrast, Gréen et al [47] demonstrated that the G2677T/A but not
the C3435T polymorphism in ABCB1 was associated with categorized PFS (< 1 year vs ≥ 1
year) in 53 ovarian cancer patients treated with carboplatin+paclitaxel. Marsh et al. [40]
studied stage I–IV ovarian cancer patients treated with either carboplatin+docetaxel or
carboplatin+paclitaxel and showed that the G2677T/A but not the C3435T polymorphism in
ABCB1 was associated with PFS (N<595) and that neither of these polymorphisms was
associated with CA125 response (N<288) nor clinical/radiologic response (N<342). Johnatty
et al [48] performed a population based study in 300 stage III–IV ovarian cancer patients in
the Australian Ovarian Cancer study treated with at least 4 cycles of carboplatin+paclitaxel,
and demonstrated that neither the G2677T/A or C3435T polymorphism was associated with
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PFS from multivariate analysis. They did identify an association of the G2677T/A
polymorphism with PFS in the subset of patients optimally-resected (≤1 cm residual)
disease but this finding was not validated in an independent set of patients [48]. The studies
reported thus far are challenging to directly compare given methodologic limitations,
inadequate power, confounding, multiple testing issues as well as differences in eligibility,
end points, treatment regimens and analysis methods. Therefore, the prognostic or predictive
role of the polymorphisms in ABCB1 in ovarian cancer therapy still remains to be
investigated.

The final transporter gene we examined was ABCC2, which encodes MRP2. Expression of
ABCC2 and MRP2 appears to be associated with the efflux of glutathione-conjugated drugs
[6], MDR [8], cisplatin-resistance [11,12], paclitaxel-resistance [13] as well as the
pharmacokinetics of paclitaxel [14]. In addition, knockdown of ABCC2 using anti-ABCC2
hammerhead ribozymes appears to restore platinum sensitivity in ovarian cancer cells [49].
Similar to other ABC transporter genes, there have been a number of reported SNPs in the
ABCC2 gene. The G1249A polymorphism encodes Val417Ile, and one study reported that
this polymorphism was associated with a higher activity of the intestinal transporter [50].
Our study did not demonstrate that the GA+AA genotypes vs GG genotype in the ABGCC2
G1249A polymorphism was associated with worse PFS or OS. There was weak evidence
suggesting that women with the AA genotype had worse PFS relative to those with the GG
or GA genotype, but this result should be interpreted with caution given the small number of
patients with the AA genotype. The G1249A polymorphism was also studied in the ovarian
cancer SCOTROC1 trial and found no association with PFS [47]. In addition, Han et al
showed that this polymorphism was not associated with response in NSCLC patients treated
with cisplatin+irinotecan [51,52].

In summary, the present study analyzed common polymorphisms in ABCB1 (G2677T/A;
C3435T), ABCC2 (G1249A) and ABCG2 (C421A) in relation to PFS and OS. All patients
had advanced stage EOC/PPC and were treated with first-line platinum+paclitaxel-based
chemotherapy as part of their participation in the randomized phase III trial, GOG-172 or
GOG-182. We found an association between ABCG2 C421A polymorphism and PFS in this
population. Specifically, women with the CA+AA genotypes vs the CC genotype had
improved PFS, and this association persisted after adjustment for clinical covariates. These
findings may be particularly important given that this SNP occurs frequently in the
population (~20% with a heterozygous or homozygous variant allele). Follow-up studies are
being designed to validate the potential clinical utility of the C421A polymorphism in
ABCG2 in independent GOG phase III trials of newly diagnosed EOC/PPC patients who
undergo surgical staging with cytoreduction and are treated with platinum+taxane-based
chemotherapy. Complimentary studies are also needed to determine the role that the C241A
polymorphism plays, if any, in women with persistent or recurrent EOC/PPC patients.
Studies such as this one provide direction for the design and execution of future studies.
Ultimately clinical trials may employ genotype screening for treatment selection.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Research Highlights

• Common variants in the ABC transporter genes are associated with survival in
advanced stage EOC Patients

• The C421A (CA+AA) variant in the ABCG2 gene shows improved PFS in
patients with advanced stage EOC
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Figure 1.
Kaplan-Meier estimates of progression-free survival (PFS) by the G2677T/A
polymorphorism in ABCB1 (A), the C3435T polymorphorism in ABCB1 (B), or the G1249A
polymorphorism in ABCC2 (C).
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Figure 2.
Kaplan-Meier estimates of progression-free survival (PFS) (A) and overall survival (OS) (B)
by the C421A polymorphism in the ABCG2 gene.
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Figure 3.
Plots with hazard ratios (HR) and 95% confidence intervals (CI) for disease progression for
women with the CA+AA genotypes versus the CC genotype in the C421A variant in the
ABCG2 gene in the full cohort (A) and by treatment protocol (B), the aggregate of stage and
residual disease status (C) and treatment regimen (D). Cis: cisplatin; P: paclitaxel; C:
carboplatin; G: gemcitabine; D: doxil; T: topotecan
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Table 1

Patient Characteristics (n=511)

GOG-0172 (n=232) No. patients
(%)

GOG-0182 (n=279) No. patients
(%)

All patients (n=511) No. patients
(%)

Age (years)

 < 55 104 (44.8) 101 (36.2) 205 (40.1)

 55 – 64 63 (27.2) 94 (33.7) 157 (30.7)

 ≥ 65 65 (28.0) 84 (30.1) 149 (29.2)

 Median (range) 57 (32–83) 59(24–87) 58 (24–87)

Race

 White 213 (91.8) 251 (90.0) 464 (90.8)

 Black 7 (3.0) 18 (6.5) 25 (4.9)

 Other 12 (5.2) 10 (3.6) 22 (4.3)

Performance Status

 0 101 (43.5) 142 (50.9) 243 (47.6)

 1 115 (49.6) 124 (44.4) 239 (46.8)

 2 16 (6.9) 13 (4.7) 29 (5.7)

Histology

 Serous 178 (76.7) 219(78.5) 397 (77.7)

 Endometrioid 15 (6.5) 22 (7.9) 37 (7.2)

 Clear cell 14 (6.0) 9 (3.2) 23 (4.5)

 Mucinous 1 (0.4) 2 (0.7) 3 (0.6)

Othersa 24 (10.3) 27 (9.7) 51 (10.0)

Tumor Grade

 1 23 (9.9) 23 (8.2) 46 (9.0)

 2 92 (39.7) 94 (33.7) 186 (36.4)

 3 or clear cell 117 (50.4) 162 (58.1) 279 (54.6)

Stage/debulking

 Stage III-micro 97 (41.8) 55 (19.7) 152 (29.8)

 Stage III-optimal 135 (58.2) 98 (35.1) 233 (45.6)

 Stage III-suboptimal - 74 (26.5) 74 (14.5)

 Stage IV - 52 (18.6) 52 (10.2)

Treatmentb

 Cis+P (IV) 105 (45.3) - 105 (20.5)

 Cis+P (IP) 127 (54.7) - 127 (24.9)

 C+P (IV) - 55 (19.7) 55 (10.8)

 C+P+G (IV) - 55 (19.7) 55 (10.8)

 C+P+D (IV) - 54 (19.4) 54 (10.6)

 C+T→C+P (IV) - 66 (23.7) 66 (12.9)

 C+G→C+P (IV) - 49 (17.6) 49 (9.6)

a
Other histologic subtypes included: mixed epithelial, undifferentiated, transitional cell and adenocarcinoma, not otherwise specified

b
IP: intraperitoneal; IV: Intravenous; Cis: cisplatin; P: paclitaxel; C: carboplatin; G:gemcitabine; D: doxil ; T: topotecan
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Table 3

Association of ABCG2 Polymorphism with Clinical Characteristics

CC No. (%) CA+AA No. (%) P value

Age (years) 0.453

 Median (range) 58 (24–87) 58 (30–83)

Race

 White 368 (79.8) 93 (20.2) 0.912

 Black 20 (87.0) 3 (13.0)

 Other 16 (72.7) 6 (27.3)

Performance Status

 0 194 (80.2) 48 (19.8) 0.232

 1 191 (80.9) 45 (19.1)

 2 19 (67.9) 9 (32.1)

Stage/Debulking 0.654

 Stage III – microscopic 125 (82.2) 27 (17.8)

 Stage III – optimal 185 (79.7) 47 (20.3)

 Stage III – suboptimal 57 (79.2) 15 (20.8)

 Stage IV 37 (74.0) 13 (26.0)

Histology

 Serous 314 (79.9) 79 (20.1) 0.715

 Endometrioid 27 (73.0) 10 (27.0)

 Clear cell 18 (78.3) 5 (21.7)

 Mucinous 3 (100) 0 (0)

 Others 42 (84.0) 8 (16.0)

Tumor Grade

 1 38 (82.6) 8 (17.4) 0.774

 2 145 (78.4) 40 (21.6)

 3 221 (80.4) 54 (19.6)
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