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Abstract

unclear.

Background: Altered androgen hormone homeostasis and androgen receptor (AR) activity have been implicated in
ovarian carcinogenesis but the relationship between AR expression in ovarian cancer and clinical outcome remains

Methods: In this study, the prognostic impact of AR expression was investigated using immunohistochemistry in
tissue microarrays from 154 incident cases of epithelial ovarian cancer (EOC) in the prospective, population-based
cohorts Malmo Diet and Cancer Study and Malmo Preventive Project. A subset of corresponding fallopian tubes (n =
36) with no histopathological evidence of disease was also analysed.

Results: While abundantly expressed in the majority of fallopian tubes with more than 75% positive nuclei in 16/36
(44%) cases, AR was absent in 108/154 (70%) of EOC cases. AR expression was not related to prognosis in the entire
cohort, but in the serous subtype (n = 90), AR positivity (> 10% positive nuclei) was associated with a prolonged
disease specific survival in univariate (HR= 0.49; 95% Cl 0.25-0.96; p= 0.038) and multivariate (HR= 0.46; 95% Cl 0.22-
0.97; p=0.042) analysis, adjusted for age, grade and clinical stage.

Conclusions: AR expression is considerably reduced in EOC as compared to fallopian tubes, and in EOC of the serous
subtype, high AR expression is a favourable prognostic factor. These results indicate that assessment of AR expression
might be of value for treatment stratification of EOC patients with serous ovarian carcinoma.

Background

Epithelial ovarian carcinoma (EOC) is the second most
common and the most lethal malignancy of the female
reproductive tract [1]. Etiological factors involved in
ovarian carcinogenesis remain poorly defined, and effec-
tive treatment protocols are limited. Alterations in andro-
gens and androgen receptor homeostasis have been
implicated in ovarian carcinogenesis and progression [2-
5].

While several immunohistochemistry (IHC)-based
studies have confirmed widespread AR expression in
EOC [6-8], data describing it as a prognostic biomarker
are relatively sparse. One study describing a large series of
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tumors (n = 322), found no association between AR pro-
tein expression and clinical outcome [8], however indi-
vidual histological subtypes were not examined.
Increased levels of AR mRNA have been described in
cells from normal ovarian surface epithelium as com-
pared to ovarian cancer cells, the majority of which were
derived from serous tumors [9]. We are, however,
unaware of any studies describing AR expression in fallo-
pian tubes, from which a substantial but not yet not fully
appreciated proportion of serous ovarian carcinomas are
thought to arise [10].

The purpose of this study was to analyze the prognostic
impact of AR expression in 154 EOCs collected from two
population-based, prospective cohorts. Based on the in
vitro data described above [9], our hypothesis was that
AR protein expression may be down-regulated in EOC
compared to fallopian tubes and the prognostic value of
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AR would become more obvious when tumors were strat-
ified into serous and non-serous histological subtypes.

Methods

Patients

Tumors (n = 154) from all incident cases of invasive EOC
that had occurred in two prospective, population-based
cohorts, the Malmé Diet and Cancer Study (MDCS)[11]
and Malmo Preventive Project (MPP) cohorts [12] up to
Dec 315t 2007 were collected and histopathologically re-
evaluated. The MDCS was initiated in 1991 and enrolled
17035 healthy women [11]. The MPP was established in
1974 for screening with regard to cardiovascular risk fac-
tors and enrolled 10.902 women[12].

The standard surgical management was a total abdomi-
nal hysterectomy, bilateral salpingo-oophorectomy and
omentectomy with cytological evaluation of peritoneal
fluid or washings. Routine pelivic lymphadenectomy was
not performed. Residual disease was resected to less than
1 cm where possible. Volume of residual disease was not
availabe. Standard adjuvant therapy was combination of
paclitaxel and platinum-based chemotherapy.

Median age at diagnosis was 62 (range 47-83). Informa-
tion on cause of death was obtained by matching with the
Swedish Cause-of-Death Registry. After a median follow-
up of 2.67 years (Range 0-21.14 years) 105 patients were
dead, 98 from ovarian cancer. Approval was obtained
from the Ethics committee at Lund University (Ref no
335-08) Study design, methodological and technical con-
siderations, as well as data presentation were based on
the REMARK criteria [13]

Tissue microarrays and immunohistochemistry

TMAs were constructed as previously described[14].
Two 1.0 mm cores were taken from viable, non-necrotic
tumor areas, when possible from both ovaries, and from
concomitant peritoneal metastases (n = 33). Fallopian
tubes with no evidence of histological disease were also
sampled from 38 cases.

Four pm TMA-sections and 3pm full-face sections
were deparaffinised and rehydrated. Heat mediated anti-
gen retrieval (pH = 9) was performed using the PT-link
system and IHC was performed in the DAKO
Autostainer system (Dako, Glostrup, Denmark) using
mouse monoclonal anti-AR antibody (1:200 dilution; AR
441, LAB VISION, Warm Springs, CA), anti-ER antibody
(1:50 dilution; M 7047 Dako), and anti-PR antibody
(1:400 dilution; M 3569 Dako).

To control for heterogenous expression patterns, IHC
was also performed on full-face sections from 15 ran-
domly selected cases and compared to corresponding
cores. AR expression was also examined on full-face sec-
tions from fallopian tubes obtained from 10 patients who
had undergone hysterectomy for benign disease.
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Statistics

Spearman's Rho correlation and the x%test were used to
estimate the relationship between AR expression and
clinicopathological parameters. Kappa-statistics were
used as a measure of agreement between scoring of tissue
cores and full-face sections. Kaplan-Meier analysis and
log rank test were used to illustrate differences in ovarian
cancer specific survival (OCSS) between strata. Cox
regression proportional hazards models were used to
estimate the relationship between survival and AR status,
age, stage and grade. All calculations were performed
using SPSS version 17.0 (SPSS Inc, Chicago, IL). P values
< 0.05 were considered statistically significant.

Results

AR expression in fallopian tubes, primary and metastatic
EOC

Thirty-six of the 38 fallopian tubes were suitable for anal-
ysis. AR protein expression was evident in the majority of
fallopian tubes with > 75% positivity seen in 44% (n = 16)
of cases (Figure 1). AR was also abundantly expressed (>
50%) in 10 fallopian tubes with a benign diagnosis (data
not shown).

All primary tumors (n = 154) and metastatic deposits (n
= 33) were suitable for analysis. Compared to tubal epi-
thelium, AR protein expression was lower in primary
tumors and metastases, with absent expression in 70% (n
= 108) of primary tumors and 67% (n = 22) of metastatic
deposits (Figure 1). AR expression in primary tumors cor-
related with expression in metastases (R= 0.95, p < 0.001)
particularly when serous carcinomas (n = 90) were ana-
lyzed separately (R = 0.97, p < 0.001). No correlation was
seen between tubal AR expression and expression in
either primary or metastatic tumors. As samples from all
three locations were only available for six patients, this
study did not allow for a meaningful analysis of AR
expression related to individual tumor progression.

AR expression in full-face sections correlated with
TMA-based scoring (kappa-value 0.87, p = 0.001, n = 15),
suggesting that AR is a suitable protein for TMA-based
analysis.

Correlation between AR expression and clinicopathological
parameters

No significant association was evident between AR
expression in primary tumors and conventional clinico-
pathological parameters in the entire cohort (n = 154)
(Table 1). In primary tumors, AR expression was associ-
ated with ER and PR positivity (Table 1). Subset analysis
of serous carcinoma's (n = 90), revealed that the associa-
tion between AR and ER positivity remained significant,
whereas the relationship with PR expression was lost
(Table 1). AR expression was also associated with well-
differentiated serous tumors (Table 1).



Nodin et al. Journal of Ovarian Research 2010, 3:14 Page 3 of 6
http://www.ovarianresearch.com/content/3/1/14

N Fallopian tubes

0-1%  2-10% 11-50% 61-75% >75%

AR nuclear fraction

N Ovarian cancer

0-1% 2-10% 11-50% 51-75% >75%
AR nuclear fraction

N  Omental metastases

251

0-1%  2-10% 11-50% 51-75% >75%

AR nuclear fraction

'> : Q ) 'v \
S .n‘i;ﬁ‘r‘;. %
PR

Pt

Figure 1 Immunohistochemical AR staining and distribution in fallopian tubes, ovarian cancer and omental metastases. AR nuclear staining
was assessed as the percentage of positive tumor cells (grading 0-1%, 2-10%, 11-50%, 51-75%, >75%).Examples of tumors with low AR expression are
visualized in the left panels and tumors with high expression in the right panels. Bars in the middle represent the distribution of positive cases in ab-
solute numbers.
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Table 1: Correlations between androgen receptor status and patient and tumour characteristics in all tumours and serous carcinomas

respectively

All tumours Serous carcinoma
AR low AR high AR low AR high
126 28 p-value + 71 19 p-value +

Age
median(range) 62(47-83) 63(50-79) 0.800 63(47-83) 64(50-79) 0.514
Histological subtype
Serous 71 19 0.207
Endometroid 28 7
Other 27 2
Stage
| 22 4 0.667 4 2 0.136
Il 16 2
1] 57 18 41 13
\% 19 3 13 1
missing 12 1 8 1
Differentiation grade
High/intermediate 37 10 0.511 14 7 0.015
low 89 18 57 10
ER
Negative 62 5 0.003 28 2 0.024
Positive 60 21 40 15
missing 4 2 3 2
PR
Negative 103 18 0.033 61 15 0.676
Positive 19 9 9 3

AR = androgen receptor, ER= estrogen receptor, PR= progesterone receptor

< 10% positive nuclei used as cutoff for AR, ER and PR positivity

+ Mann Whitney u-test for comparison of medians and Chi-square test for categorized variables

Cases with missing values were not included in the analysis

AR expression in relation to survival

Analysis of the entire cohort (n = 154) revealed no rela-
tionship between increased AR expression (> 10%) in pri-
mary tumors and outcome (Figure 2A). However, subset
analysis in serous carcinomas (n = 90) revealed that
increased AR expression was associated with a prolonged
OCSS (p = 0.034) (Figure 2B). Cox univariate analysis

confirmed the association between AR and OCSS in
serous carcinomas (HR= 0.49; 95% CI 0.25-0.96; p=
0.038) and this association remained significant in a mul-
tivariate model controlling for age, grade and stage (HR=
0.46; 95% CI 0.22-0.97; p= 0.042). AR was not prognostic
in non-serous carcinomas (data not shown).
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Figure 2 Impact of androgen receptor expression on ovarian can-
cer specific survival. Kaplan-Meier curves visualizing OCSS according
to AR expression in all tumors (A) and serous carcinomas (B), using a
threshold of 10% positive nuclei to define low and high AR expression.
The total number of events was 52/71 (73%) in AR high serous tumors
and 11/19 (58%) in AR low serous tumors.

Discussion

Evaluation of AR protein expression in 154 EOC cases
from two large, prospective population-based studies
demonstrated frequent expression of AR in fallopian tube
epithelium irrespective of the presence of ovarian cancer
and decreased AR expression in primary ovarian tumors
and metastatic deposits. While not conferring a prognos-
tic value within the entire cohort, reduced AR expression
was an independent predictor of decreased OCSS in
serous tumors. The main limitation of this study is the
absence of data on residual disease and future studies of
AR expression in EOC should incorporate this in any
multivariate analysis.

While associated with AR expression, neither ER nor
PR expression correlated with survival in this study. Such
findings contrast with Lee et al. who reported PR, but not
ER or AR expression as an independent predictor of good
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prognosis [8]. In their study, however, the prognostic
value of hormone receptors was not analysed in strata
according to different histological subtypes, an approach
that has been deemed an essential component of EOC
biomarker studies[15]. These findings further highlight
the heterogeneity of ovarian cancer, which should not be
considered as a single disease, but rather several distinct
entities with different clinical behaviours. These entities
are in part reflected in histopathological characteristics
and therefore, to obtain better prognostic and predictive
information biomarkers should not only be assessed
across entire cohorts, but also in histological subgroups.

Although androgen receptors are expressed in normal
ovarian surface epithelium[16], we are not aware of any
previous reports describing AR expression in tubal epi-
thelium. Recent reports have suggested that a significant
proportion of serous carcinomas arise within the fimbrial
tubal epithelium [10,17,18]. Our findings indicate that
malignant transformation could involve a downregula-
tion of AR in certain EOC cases. AR expression in pri-
mary ovarian tumors and metastases was quite similar,
suggesting that downregulation of AR occurs early in
ovarian carcinogenesis.

This is to our knowledge the first report on AR expres-
sion in EOC from population-based cohorts, potentially
representing a selected part of the background popula-
tion. Nevertheless, as established prognostic parameters,
i.e. clinical stage and histological grade, are highly signifi-
cant indicators of survival in this cohort, its use for
assessment of investigative prognostic markers is justi-
fied.

Conclusions

These data demonstrate that AR is an independent
marker of prolonged OCSS in patients with serous carci-
noma of the ovary, and thus a potentially relevant bio-
marker for treatment stratification in this subgroup. Our
findings also highlight the need for further studies inves-
tigating the influence of both lifestyle-related and genetic
factors in relation to ovarian cancer risk in general and to
AR-defined subtypes in particular.
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