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ABSTRACT

Resistance to chemotherapy represents one of the most important causes of treatment
failure in patients with ovarian cancer. Common polymorphisms in the glutathione-S-
transferase (GSTM1, GSTP1 and GSTT1) family have been implicated in chemoresistence
and ovarian cancer survival. In this study, we have analysed Australian women diagnosed
with primary invasive epithelial ovarian cancer between 1985 and 1997, using DNA
extracted from peripheral blood and archival uninvolved (normal) tissues. GSTP1 geno-
types were determined using ABI Prism 7700 Sequence Detection System methodology
(n=448) and GSTT1 and GSTM1 genotypes using PCR-agarose methodology (n=239). We
observed a significant survival advantage among carriers of GSTP1 Ile105Val GG/GA geno-
type (HR 0.77, 95% confidence interval (CI) 0.61-0.99, p = 0.04) and a non-significant sur-
vival advantage among women who were homozygous for the GSTM1 and GSTT1
deletion variants. There was also evidence of an additive effect, with a stronger survival
benefit in women carrying three low function GST genotypes (GSTM1 null, GSTT1 null
and GSTP1 GA/GG) (HR 0.47, 95% CI 0.22-1.02). The results of this study, the largest to date,
are consistent with a number of previous smaller studies which have also observed that
reduced GST function was associated with better survival outcomes in patients with ovar-
ian cancer.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

mours are optimally debulked develop de novo resistance to
chemotherapy and have poor survival.® At the other extreme,

Survival following a diagnosis of ovarian cancer is universally
poor. Current treatment includes aggressive surgery, removal
of the tumour and resection of metastases with the goal of
optimal surgical cytoreduction of tumour to <1cm before
the administration of platinum-based chemotherapy.® Whilst
the majority of patients achieve a favourable clinical response
initially, most develop recurrent cancer and 5-year survival
rates are as low as 20%.? Despite the fact that residual disease
is an important prognostic factor, some patients whose tu-
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a small minority of women whose tumours are suboptimally
debulked are sensitive to chemotherapy and never relapse.*
This range of outcomes is intriguing and may be attributable,
at least in part, to sequence variations in genes encoding drug
metabolism enzymes, such as common polymorphisms in
the glutathione-S-transferase M1, T1 and P1 enzymes (en-
coded by GSTM1, GSTT1 and GSTP1, respectively).®

The GST enzymes catalyse the conjugation of glutathione
with a variety of electrophilic compounds, including cytotoxic
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agents.®” Three of the GST genes GSTP1, GSTM1 and GSTT1
have been found to have functional polymorphisms that are
frequently present in the general population.®° These poly-
morphisms either decrease or abolish GST enzyme activity.
A single nucleotide substitution (A>G) at position 313 of
the GSTP1 gene, which results in replacement of isoleucine
with valine at amino acid position 104, substantially dimin-
ishes GSTP1 activity, probably due to decreased enzyme sta-
bility.'>*? Inherited homozygous deletions of the GSTT1 and
GSTM1 gene lead to the complete absence of enzyme activ-
ity.”**® There is some evidence that GST polymorphisms
may play a role in the response to treatment and survival
from some cancers’®?", including cancer of the ovary.>#2°
In particular, GSTP1 has been shown to interact with plati-
num-based compounds®® and glutathione-conjugated plati-
num can be quickly effluxed from cells.?? Thus, it has been
suggested that high GST activity may result in more rapid
drug metabolism that diminishes the cytotoxic effects of che-
motherapy on tumour cells, and hence be associated with
poor treatment response and worse survival.’®

GSTP1 expression has been shown to be associated with
less favourable response and survival in some studies!®?%2?3
although no such relationship has been detected in other
studies.?*?*> Many of these studies have however been small,
and adjustment for clinical factors has varied.

Given the biochemical evidence that the GST enzymes are
involved in the detoxification of platinum based cytotoxic
agents, we hypothesised that decreased activity of the GST
detoxification pathway (due to null or reduced expression of
particular GST enzymes) could make some ovarian cancers
more sensitive to chemotherapy and hence be associated
with better survival. Therefore, we analysed common poly-
morphisms in the GSTP1, GSTM1, and GSTT1 in a large group
of women diagnosed with ovarian cancer between 1985 and
1997 to determine whether the presence of one or more of
these polymorphisms was associated with survival.

2. Patients and methods

2.1. Subjects

This study included 454 women, aged 18-80 years diagnosed
with primary incident invasive epithelial ovarian cancer
between 1985 and 1997. Just over two thirds of the women
(n=296 [67%]) had participated in an Australian population
based case-control study, the Survey of Women’s Health
(SWH) between 1990 and 1993. The methods have been de-
scribed previously.?® Briefly, these women were ascertained
through major gynaecology-oncology treatment centres in
the three most populous Australian states: Queensland,
New South Wales and Victoria. A central gynaecologic histop-
athologist reviewed all the pathology reports and sections of
each tumour to confirm the diagnosis and histological sub-
type. The remaining women (n=158) were ascertained as
incident cases from the Royal Brisbane Hospital, Queensland,
Australia, between 1985 and 1997, as described previously.?’?

Information on diagnosis, disease stage (using the Interna-
tional Federation of Gynaecologists and Obstetricians (FIGO)
criteria), tumour histology, grade and treatment was ab-
stracted retrospectively from the women’s medical records

and pathology reports or, for a subset of cases, from the Royal
Brisbane Hospital Gynaecology Oncology database. Ethics ap-
proval for the research was received from the Queensland
Institute of Medical Research, Royal Brisbane Hospital and
the metropolitan hospitals where the women were originally
diagnosed and treated.

The SWH cohort was followed for mortality using personal
identifiers which were linked to state cancer registry records
and the Australian National Death Index (NDI). Both the NDI
and cancer registries used probabilistic record linkage soft-
ware to match the women to their databases. For incident
cases from the Royal Brisbane Hospital, information on sur-
vival status was obtained from the hospital Gynaecology
Oncology database, and the Queensland Cancer registry.

2.2.  Genotype analysis

DNA preparation and genotyping (including repeatability
and other quality control measures) was as described
previously.?’?® Briefly, germline DNA was extracted from
peripheral blood by a salt-precipitation method for women
recruited through the Royal Brisbane Hospital, and from unin-
volved tissue archival paraffin blocks for women ascertained
through the population-based study. ABI Prism 7700 Sequence
Detection System (SDS) methodology was used for genotyp-
ing the GSTP1 A to G Ile105Val variant (rs1695) and PCR-aga-
rose methodology was used to detect the GSTT1 and GSTM1
deletion variants. The assay design and methodology used
for detection of the deletion variants precluded the reliable
genotyping of poorer quality DNA samples extracted from
archival blocks, thus GSTT1 and GSTM1 genotypes were ob-
tained only from peripheral blood DNA (n = 239). As described
previously, there was no deviation from Hardy-Weinberg
equilibrium for the GSTP1 genotype, and allele frequencies
for all three loci were similar to those reported previously
for Caucasian populations.?®

2.3.  Statistical analysis

Survival time was calculated from the date of diagnosis to the
date of death (from ovarian cancer) or censored at 1st Sep-
tember 2004 or death from another cause. The Kaplan-Meier
technique was used to plot crude survival curves and esti-
mate crude overall survival probabilities, and adjusted hazard
ratios (HRs) and 95% confidence intervals (95% confidence
intervals (CIs)) were obtained from Cox regression models.
The p-value for linear trend was calculated by the change in
likelihood ratio statistic for entry of a linear term in the
model, and thus was a y’-test on 1 degree of freedom. All
analyses were adjusted for age (10-year age groups), tumour
stage, histologic subgroup, and histologic grade. Tumour
grades 2 (moderate), 3 (poor) and 4 (undifferentiated) were
combined into a single group because survival did not vary
for these three sub-groups, but was significantly different
from that for women with grade 1 (well differentiated) tu-
mours. For the small number of women with missing infor-
mation on grade (n=24), grade was imputed (for the
purpose of adjustment only) based on the histologic subtype
of their tumour according to the distribution among women
with known histologic subtype and grade. All analyses were
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performed using the Statistical Packages for Social Sciences
for Windows, version 13.0 (SPSS Inc., Chicago, IL).

3. Results

Among the 454 women with invasive epithelial ovarian can-
cer, 288 (63%) had died from the disease during the follow-
up period. The crude 5-year survival for these women was
44% (standard error (SE) = 2%). As expected a number of the
clinical and pathological factors were clearly associated with
survival in the crude analyses, but in a multifactorial model
the only factors that remained significant were older age at
diagnosis, late FIGO stage, histological subgroup and higher
histologic grade (Table 1). These four factors were included
in all subsequent models. Further adjustment for other vari-
ables shown to influence survival in crude analyses (e.g.
amount of residual disease and platinum based chemother-
apy) made no difference to the estimates of effect.

The results of analyses focusing on the detoxification
genes (GSTM1, GSTT1, GSTP1) are shown in Table 2 and
Fig. 1. Most notable were the inverse associations with the

GSTT1 and GSTM1 null genotypes (Fig. 1a and b) and posses-
sion of a GSTP1 G allele (Fig. 1c). The absolute survival advan-
tages were 18% for the GSTM1 null genotype, 18% for the
GSTT1 null genotype and 23% for possession of one or more
G alleles for GSTP1. We repeated these survival analyses in a
smaller, but more homogeneous group of women, those with
the most common histologic subtype and FIGO stages (serous
and FIGO stages III and IV disease), and found the same asso-
ciations (results not shown). Additional analysis restricted to
patients who had received platinum based chemotherapy
(75% of the sample), adjusted for age, FIGO stage, histologic
subgroup and grade, also found evidence of a similar survival
advantage for patients with GSTM1 null genotype (HR 0.73,
95% CI 0.52-1.03), GSTT1 null genotype (HR 0.84, 95% CI
0.55-1.27), one or more G alleles for GSTP1 (HR 0.84, 95% CI
0.65-1.10). The individual sample sizes for women who re-
ceived alternative chemotherapy, or no chemotherapy, were
too small to investigate possible differences in genetic associ-
ations between these treatment types.

The combined effects of the aforementioned GST polymor-
phisms on survival are shown in Table 3 and Fig. 2. Of note

Table 1 - Association between clinical and pathological factors and ovarian cancer survival

n® n dead Crude 5-year survival (%) Crude HR (95% CI) Adjusted® HR (95% CI)

Age group

<50 yrs 106 52 57

50-59 yrs 123 78 49 1.37 (0.97-1.95) 1.09 (0.74-1.62)

60-69 yrs 131 90 38 1.84 (1.31-2.59) 1.34 (0.91-1.97)

70+ 94 68 29 2.30 (1.60-3.30) 1.57 (1.04-2.36)
p trend 0.16

FIGO stage

I 83 12 86

il 44 14 76 2.43 (1.12-5.26) 1.92 (0.82-4.47)

III 278 217 31 10.32 (5.76-18.51) 6.99 (3.49-13.98)

v 41 83 11 19.17 (9.96-36.90) 11.79 (5.37-25.86)
p trend <0.01

Histological subgroup

Serous 274 207 35

Mucinous 29 8 78 0.25 (0.12-0.51) 1.02 (0.52-2.34)

Endometrioid 62 22 67 0.32 (0.20-0.49) 0.56 (0.33-0.87)

Clear cell 31 14 57 0.51 (0.29-0.87) 1.88 (1.04-3.40)

Other 58 37 42 0.77 (0.54-1.10) 0.78 (0.52-1.15)
p trend 0.01

Grade

1 56 17 74

2 128 73 49 2.54 (1.49-4.31) 1.80 (1.01-3.19)

34 241 181 35 3.86 (2.34-6.37) 1.96 (1.12-3.44)
p trend 0.08

Residual disease

<lcm 241 139 51

1-2 cm 47 36 27 1.79 (1.24-2.60) 1.07 (0.72-1.60)

>2 cm 49 43 20 2.31 (1.63-3.26) 1.41 (0.95-2.09)

Platinum based chemotherapy
Yes 340 242 38
No 63 25 64

p trend 0.03

0.42 (0.27-0.63) 0.58 (0.37-0.92)

a Column numbers (n) do not sum to total because some data are missing.
b Adjusted for age group, FIGO stage, grade, platinum based chemotherapy.
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Table 2 - Association between detoxification genes and ovarian cancer survival

n n dead Crude 5-year survival (%) Crude HR (95% CI) Adjusted® HR (95% CI)

GSTM1P

Non-null 108 82 28 1.0 1.0

Null 131 93 38 0.77 (0.57-1.04) 0.82 (0.59-1.14)
p=0.25

GSTT1¢

Non-null 190 142 31 1.0 1.0

Null 49 33 44 0.75 (0.52-1.11) 0.82 (0.54-1.23)
p=0.34

GSTP1¢

AA 182 125 39 1.0 1.0

GA 211 125 47 0.77 (0.60-0.99) 0.77 (0.59-1.00)

GG 55 32 51 0.72 (0.49-1.07) 0.79 (0.53-1.17)
p=0.13

GG/GA 266 157 48 0.76 (0.60-0.97) 0.77 (0.61-0.99)

p=0.04

a Adjusted for age group, FIGO stage, histologic subtype, histologic grade (1 versus 2-4).

b GSTM1 analyses n = 239.
¢ GSTT1 analyses n = 239.
d GSTP1 analyses n = 448.

was the better survival in women with all three low function
GST genotypes (GSTM1 null, GSTT1 null and GSTP1 AG/GG).
This group had a 53% survival advantage compared to women
with GSTM1 non-null, GSTT1 non-null and GSTP1 AG/GG
genotypes (HR 0.47, 95% CI 0.22-1.02). There was also a sug-
gestion of a modest, but statistically non-significant (p 0.19),
inverse trend toward a gene-dose effect illustrated by a great-
er protective effect for those with three low function polymor-
phisms, followed by those with two low function
polymorphisms (HR 0.67, 95% CI 0.40-1.13) and 1 allele (0.82,
95% CI 0.51-1.32). Again, there was little material difference
in HRs when the analysis was limited to the subgroup of wo-
men who had platinum based therapy (HR for GSTM1 null,
GSTT1 null and GSTP1 AG/GG genotype = 0.52, 95% CI 0.26-
1.02). Analysis restricted to patients with serous histology
and FIGO stages III and IV disease showed similar results
(HR for GSTM1 null, GSTT1 null and GSTP1 AG/GG geno-
type = 0.45, 95% CI 0.19-1.10).

4, Discussion

This study suggests that genetic variability in GST is indepen-
dently associated with survival in a large cohort of patients
with invasive epithelial ovarian cancer who mostly received
platinum based chemotherapy. Patients who carried the null
deletions in the GSTT1 and GSTM1 genes had moderate sur-
vival benefits compared with patients with high expression,
and lower function GSTP1 genotypes also conferred a survival
advantage. We also found an inverse, but statistically non-sig-
nificant, association in patients carrying a combination of all
three low function polymorphisms (GSTM1 null , GSTT1 null
and GSTP1 AG/GG). Additional analyses restricted to women
treated with platinum based chemotherapy made little mate-
rial difference to these results, but these patients did domi-
nate the sample set.

The women in this analysis were unselected with regard to
genotype and follow-up was essentially complete. The cause
of death and baseline clinical measures were made indepen-
dently of laboratory analyses, and are likely to have been
accurate. Laboratory analyses were unbiased with respect to
outcome and, although some non-differential misclassifi-
cation (random error) will be inevitable, the likely effect of
this would be to bias our results towards the null, thus the
true effects might be greater than those seen here. Similarly
ascertainment of outcome is thought to be almost complete
and did not vary by genotype or other clinical factors. A po-
tential limitation of the study is the possibility of selection
bias introduced by cases who did not participate in the origi-
nal case-control study due to illness or death (n = 69), but this
is unlikely to have been an issue for incident cases recruited
through the Royal Brisbane Hospital, since recruitment was
at the time of clinical diagnosis with no additional require-
ments for participation such as collection of detailed ques-
tionnaire information. It is also likely that women who did
not participate in the original case-control study would have
been more ill and had worse survival than those who did take
part, thus the overall survival proportions observed here
might over-estimate survival among all women with ovarian
cancer. This would not, however, have affected our results un-
less the association between GST genotype and survival
somehow differed between participants and non-partici-
pants. We have adjusted for the major clinical factors that af-
fect survival but there is likely to be some residual
confounding because of the imperfect nature of some of the
clinical measures. However, it is unlikely that this would be
sufficient to completely explain the observed associations.
The 95% CI and p-values suggest that the effects of null dele-
tions of GSTT1 and GSTM1 could be due to chance. To over-
come this we have presented the additive effects model
which we expect will be replicated by other larger studies.
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Fig. 1 - (a) Kaplan-Meier survival curves for GSTM1 genotypes; GSTM1 null, GSTM1 non-null. (b) Kaplan-Meier survival curves
for GSTT1 genotypes; GSTT1 null, GSTT1 non-null. (c) Kaplan-Meier survival curves for GSTP1 genotypes; GSTP1 GG, GSTP1 GA,
GSTP1 AA.

Table 3 - Association between the number of low function GST variants (GSTT1 null, GSTM 1 null, GSTP1 AG/GG) and ovarian

cancer survival

Number of low-function variants n ndead Crude 5-year survival%  Crude HR (95% CI)  Adjusted® HR (95% CI)

ob 32 24 14

IS 111 89 28 0.90 (0.57-1.92) 0.82 (0.51-1.32)
24 81 51 45 0.56 (0.34-0.92) 0.67 (0.40-1.13)
3¢ 15 11 38 0.61 (0.30-1.26) 0.47 (0.22-1.02)

p trend = 0.19

a Adjusted for age group, FIGO stage, histologic subtype, histologic grade (1 versus 2-4).

b 0, GSTM1 non-null and GSTT1 non-null and GSTP1 AA.

¢ 1, GSTM1 null or GSTT1 null or GSTP1 GA/GG.

d 2, GSTM1 and GSTT1 null or GSTM1 null and GSTP1 GA/GG or GSTT1 null and GSTP1 GA/GG.
e 3, GSTM1 null and GSTT1 null and GSTP1 GA/GG.
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Fig. 2 - Kaplan-Meier survival curves for the number of low
function GST variants (GSTT1 null, GSTM1 null, GSTP1 AG/
GG). None, GSTM1 non-null and GSTT1 non-null and GSTP1
AA; 1, GSTM1 null or GSTT1 null or GSTP1 GA/GG; 2, GSTM1
and GSTT1 null or GSTM1 null and GSTP1 GA/GG or GSTT1
null and GSTP1 GA/GG; 3, GSTM1 null and GSTT1 null and
GSTP1 GA/GG.

There have been a number of studies of GST genetic poly-
morphisms and outcomes in ovarian cancer. The most recent
and largest study to date by Beeghly and colleagues®® exam-
ined the association between polymorphisms in GSTMI,
GSTT1 and GSTP1, disease progression and survival in women
with primary, invasive epithelial ovarian cancer. Among 215
women with ovarian cancer they found that after adjustment
for age, FIGO stage and grade, GSTM1 null patients were less
likely to die compared to patients with GSTM1 (HR 0.68, 95%
CI 0.45-1.03). Furthermore, they reported that women with
no GSTM1 and a lower function GSTP1 genotype (Ile/val or
val/val) had better progression-free survival (HR 0.42, 95% CI
0.24-0.75) and overall survival (HR 0.61, 95% CI 0.36-1.05). Sim-
ilar findings were seen in patients with GSTM1 null, GSTT1
null and GSTP1 low function compared to present or full func-
tion (HR 0.47, 95% CI 0.17-1.28). A number of other studies
have also reported beneficial effects of GST genotypes of no
or low activity on cancer survival, but for the most part these
studies have been small and carried out among heteroge-
neous populations.>*%2%2% Medeiros and colleagues® reported
better disease free interval and survival for the GSTM1 null
genotype; however this was a very small study of only 24 wo-
men with primary ovarian cancer. An association between
elevated IHC-detected expression of GSTP1 and a less favour-
able response to treatment with cisplatin has been previously
reported in groups of 213 cases™ and 117 cases,”® and Sur-
owiak and colleagues® recently found that shorter survival
time was linked to cases of higher expression GST-pi at first
look laprotomy.

Some studies however have reported no relationship or
opposite associations between GST polymorphisms and sur-
vival. In a study of 146 women with invasive epithelial ovarian
cancer, Lallas and colleagues® reported no difference in sur-

vival of women with advanced stage epithelial ovarian cancer
genotyped as GSTMI null compared to those who were GSTM1
positive. A number of other studies (with sample sizes less
than 100) have also failed to find any association between
GSTP1 expression and outcome in ovarian cancer.?#?>3° Ho-
wells and colleagues® genotyped 148 women with epithelial
ovarian cancer and found no association between the GSTTI
or GSTM1 null genotypes and survival individually, but did
find poorer outcome in women with a combination of GSTM1
and GSTT1 null genotypes (HR 3.44, 95% CI 1.67-7.09). This
study included patients with non-invasive disease and the re-
sults were not adjusted for potential confounders. In another
small study (n=81) of GSTP1 and ovarian cancer survival,
Howell and colleagues®? reported a significant association be-
tween the GSTP1 Ile'®¥/1le’** (AA) and Ile'%%/Val'®* (AG) geno-
types and improved survival. However, these findings are
inconsistent with protein expression findings reported in
the same study, in that better survival was associated with
negative or decreased GSTP1 protein expression, which func-
tional studies would predict to be associated with the GSTP1 G
variant encoding a less stable protein.>?

In this study, we found that subjects with the null or low
GSTP1 activity had better survival, which is consistent with
the findings of Beeghly and colleagues'® and others® 92923,
Our study has been the largest to date, and the comprehen-
sive follow-up of our sample set minimises the chance of
bias. Given that the association we observed was modest,
we would suggest that the failure to report similar findings
in many of the smaller studies may simply be a reflection of
the poor power to detect a relatively modest effect. It is pos-
sible that this association is mechanistically related to de-
creased metabolism of chemotherapeutic agents in general;
however we had no power to assess the effect of these vari-
ants in other treatment groups, and given that platinum-
based chemotherapy is the norm, extremely large studies
would be required to test this specific hypothesis. Interest-
ingly, Beeghly and colleagues'® did report that the survival
benefits seen in their cohort became more evident when they
stratified by specific chemotherapeutic agents. Of the GST
polymorphisms examined, GSTM1 null patients survived best
across all chemotherapy subgroups; platinum HR 0.63 (95% CI
0.41-0.96), taxol and platinum HR 0.35 (95% CI 0.15-0.84) and
cyclophosphamide and platinum HR 0.51 (95% CI 0.25-1.02).
They also found that the GSTP1 genotype had the strongest
effect on patients treated with platinum and cyclophospha-
mide, known substrates of the GSTP1 enzyme (HR 0.50, 95%
CI 0.25-1.03).%8

Our analysis of ovarian cancer patients, well characterised
with respect to survival status and other relevant clinical
information, provides evidence for a potential role of GST
polymorphisms in survival. It implies that the clinical course
of patients may in part be genetically determined due to al-
tered GST function. Our findings are consistent with our
hypothesis that women with decreased GST detoxification
would have better survival due to improved response to che-
motherapy. We suggest that large well-designed studies
would be required to attempt to replicate our evidence for
additive effects of genetic polymorphisms in the GST
pathway, given the increased power required for such
interactions. We also suggest that improved genotyping
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methodology that can discriminate between heterozygote
and homozygote deletion carriers may better estimate risks
association with the GSTT1 and GSTM1 deletion variants. If
replicated, these results certainly warrant more critical test-
ing by further clinical studies and in vivo investigations con-
cerning the mechanism of this polymorphic effect, and
ultimately allow for genotyping to be performed in the clinical
setting to individualise and optimise ovarian cancer
treatment.
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