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Abstract

Background: Young women with polycystic ovary syndrome (PCOS) have a high risk of de-
veloping endometrial carcinoma. There is a need for the development of new medical therapies
that can reduce the need for surgical intervention so as to preserve the fertility of these patients.
The aim of the study was to describe and discuss cases of PCOS and insulin resistance (IR) women
with early endometrial carcinoma while being co-treated with Diane-35 and metformin.

Methods: Five PCOS-IR women who were scheduled for diagnosis and therapy for early en-
dometrial carcinoma were recruited. The hospital records and endometrial pathology reports
were reviewed. All patients were co-treated with Diane-35 and metformin for 6 months to re-
verse the endometrial carcinoma and preserve their fertility. Before, during, and after treatment,
endometrial biopsies and blood samples were obtained and oral glucose tolerance tests were
performed. Endometrial pathology was evaluated. Body weight (BW), body mass index (BMI),
follicle-stimulating hormone (FSH), luteinizing hormone (LH), total testosterone (TT), sex hor-
mone-binding globulin (SHBG), free androgen index (FAI), insulin area under curve (IAUC), and
homeostasis model assessment of insulin resistance (HOMA-IR) were determined.

Results: Clinical stage la, low grade endometrial carcinoma was confirmed before treatment.
After 6 months of co-treatment, all patients showed normal epithelia. No evidence of atypical
hyperplasia or endometrial carcinoma was found. Co-treatment resulted in significant decreases in
BW, BMI, TT, FAIl, IAUC, and HOMA-IR in parallel with a significant increase in SHBG. There were
no differences in the FSH and LH levels after co-treatment.

Conclusions: Combined treatment with Diane-35 and metformin has the potential to revert the
endometrial carcinoma into normal endometrial cells in PCOS-IR women. The cellular and mo-
lecular mechanisms behind this effect merit further investigation.

Key words: PCOS, progesterone resistance, insulin resistance, steroid hormone receptors, endo-
metrial carcinoma

INTRODUCTION
Women with polycystic ovary syndrome (PCOS)  metabolic disturbances including insulin resistance
present with hyperandrogenism, chronic oli- with consequent compensatory hyperinsulinemia [1,

go/anovulation, polycystic ovaries, obesity, and  2]. Approximately 4%-18% of women of reproductive
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age worldwide suffer from this disease [3]. While the
exact underlying molecular mechanisms behind the
development of PCOS remain unclear, the
PCOS-related endocrine and metabolic abnormalities
have been considered to contribute to endometrial
dysfunction-induced infertility and endometrial dis-
orders such as endometrial hyperplasia [4]. It is
widely accepted that prolonged estrogen excess or
lack of progesterone results in atypical endometrial
hyperplasia, which is the precursor of endometrial
carcinoma [4, 5]. Endometrial cancer is a potentially
life-threatening gynecological malignancy [6], and
more than 80% of all endometrial cancers are estro-
gen-dependent endometrial carcinomas [7]. Young
women with PCOS have a high risk of developing
endometrial carcinoma [8], and it has been reported
that PCOS women with endometrial hyperplasia have
a four times greater risk of developing endometrial
carcinoma than non-PCOS women [9]. Studies have
shown that changes in endogenous hormone metabo-
lism, insulin resistance (IR), and obesity can all con-
tribute to the development of endometrial cancer [10,
11].

Surgical procedures, including total hysterec-
tomy and bilateral salpingo-oophorectomy, are still
the first line and most effective treatments for early
stage endometrial cancer although this procedure
does not target endometrial carcinoma-specific path-
ways [7]. Because young women with PCOS usually
wish to retain their fertility potential, a challenge to
the research community has been to develop new
non-surgical and conservative treatments for endo-
metrial carcinoma [12]. We and others have previ-
ously reported that the combination of metformin
(N,N-dimethylbiguanide) and oral contraceptives are
sufficient to reverse atypical endometrial hyperplasia
in PCOS-IR women and preserve their fertility [13,
14]. In this report, we present the first pathological
findings from five PCOS-IR women with confirmed
early endometrial carcinoma, and correlate these
findings with clinical and laboratory data in these
patients after 6 months of combined treatment with
Diane-35 and metformin. The present case report
suggests that our non-surgical, interventional treat-
ment successfully reverses early endometrial carci-
noma in PCOS-IR women.

METHODS and CASE PRESENTATION

Patients, Treatments, and Methods

From April 2011 to February 2013, five
childbearing aged women (age 26-32 years; mean,
29.0 years) were recruited and diagnosed with PCOS
according to the Rotterdam criteria provided by the
American Society for Reproductive Medicine and the

European Society for Human Reproduction and Em-
bryology [15]. A diagnosis of PCOS was made if at
least two of the following criteria were met: 1) oli-
go/anovulation, 2) signs of hyperandrogenism (i.e.,
hirsutism and acne) and/or biochemical measure-
ments (Table 1), or 3) enhanced ovaries (at least 12
discrete follicles of 2-9 mm in diameter in one ovary
or the ovarian volume > 10 cm? observed by trans-
vaginal ultrasonography). Women with other andro-
gen-excess disorders or specific etiologies including
congenital adrenal hyperplasia, Cushing’s syndrome,
thyroid hormone abnormalities, hyperprolactinemia,
or ovarian/adrenal tumors were excluded. All pa-
tients had no history of previous first-trimester mis-
carriage or pregnancy. Three patients with endome-
trial carcinoma had been treated orally with megestrol
progesterone (160 mg daily), a potent agonist of the
progesterone receptor, for three months and proges-
terone resistance in these patients was confirmed be-
fore our combination treatment. None of the women
had received metformin or letrozole, an aromatase
inhibitor, previously. The local ethics board approved
the treatment protocol, and written informed consent
to the therapeutic procedure was obtained from all
patients.

Patient 1 presented with oligomenorrhea and
underwent transvaginal ultrasound scan followed by
endometrial curettage and subsequent hysteroscopy.
Patient 2 presented with anemia and menorrhagia
and underwent endometrial curettage. Patients 3-5
presented with irregular vaginal bleeding and un-
derwent endometrial curettage. Patient 3 with type 11
diabetes was also treated with pioglitazone (30 mg
daily) during the treatment period. Hysteroscopy was
performed in all patients before and after combined
treatment with Diane-35 and metformin, and these
women showed endometrial polypoid or papillary
masses and normal endometrium that are associated
with vascular proliferation. In contrast, there were no
obvious signs of endometrial abnormalities in any of
the patients after combined treatment. The patholog-
ical and ultrasonography diagnoses confirmed that
the lesions and abnormalities were limited to the en-
dometrial layer. If myometrial invasion was suspect-
ed, the patients were examined and confirmed by
further MR scans.

Measurement of endometrial thickness by
transvaginal ultrasonography was performed by the
same investigator in all patients. The endometrial
thickness was 6-11 mm before combined treatment
and 5-8 mm on the 5t day of the medication-induced
withdrawal bleeding after combined treatment. Di-
ane-35 contains 2 mg of cyproterone acetate plus 35
pg of ethinyl estradiol per dose and is used for re-
ducing androgen levels and restoring regular menses
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[16]. Two patients whose endometrial thickness was
less than 6 mm were given oral doses of Diane-35
(daily, Bayer Schering Pharma AG, Germany) in a
repeated cycle of 21 days/month with medication
followed by 7 days without medication. The trans-
vaginal ultrasound scans showed that the other three
patients had an endometrial thickness of more than 7
mm, and these women were treated orally with
medroxyprogesterone acetate (10 mg daily), a potent
agonist of the progesterone/androgen receptor, for 10
days to induce uterine withdrawal bleeding. On day
5, these three patients were co-treated with Diane-35
the same as other two patients. Metformin (1000 mg,
Sino-American Shanghai Squibb Pharmaceuticals
Ltd., China) was given daily.

All patients underwent transvaginal ultrasound
on the 5% day of menstrual bleeding to evaluate the
endometrial and myometrial conditions of the uterus.
After 3 months and after 6 months of treatment, blood
samples were obtained on day 2-5 of the uterine
withdrawal bleeding during the Diane-35-free period.
Liver and kidney function was examined and an en-
dometrial biopsy was obtained either through endo-
metrial curettage or hysteroscopy to evaluate the
safety of the treatment. At the end of the 6-month
treatment period, all patients were assessed by hys-
teroscopy 2 weeks after their final medica-
tion-induced withdrawal bleeding. Endometrial bi-
opsies in patients before, during, and after treatment
were fixed in 4% phosphate-buffered formaldehyde,
embedded in paraffin, cut into sections, and stained
with hematoxylin and eosin. Each endometrial sample
was diagnosed and graded by routine pathology
analysis according to the cancer staging system of the
International Federation of Gynecology and Obstet-
rics [17]. Myometrial invasion was not seen in any of
the patients. Cervical ThinPrep cytologic tests were
performed, and all patients were negative for cervical
cancer and precancerous lesions.

Body weight (BW), body mass index (BMI), fol-
licle-stimulating hormone (FSH), luteinizing hormone
(LH), total testosterone (TT), sex hormone-binding
globulin (SHBG), free androgen index (FAI), insulin
area under curve (IAUC), and homeostasis model
assessment of insulin resistance (HOMA-IR) score
were determined before and after treatment. The oral
glucose tolerance test (OGTT) was performed as pre-
viously described [18]. FAI and HOMA-IR were cal-
culated according to the following equations: FAI =
[testosterone (nmol/L) x 100] / SHBG (nmol/L) [19],
and HOMA-IR = [fasting plasma glucose (mmol/L) x
fasting plasma insulin (mIU/L)] / 22.5 [20]. IAUC
was calculated by the standard trapezoid method.
BMI was used for identification of the degree of obe-
sity, and BMI 225 kg/m? was used as the cut-off for

obesity according to the World Health Organization
2000 International Year of Obesity Task Force’s pro-
posed diagnostic criteria for the Asia-Pacific region.

Patients were advised to control body weight
and increase insulin sensitivity through standardized
diet and exercise training regimens during treatment.
Total daily caloric intake and energy expenditure
were calculated based on the patient’s height, weight,
and daily physical activity intensity. The type of ex-
ercise training was individualized and included sim-
ple exercises such as fast walking (120-150
steps/minute). To achieve target heart rates (HRs) for
durations of 20 to 30 minutes (daily exercise), patients
were taught to monitor their HRs, which was calcu-
lated as HR = [(220 —age) x 0.7] [21]. The patients
needed to exercise either five days/week or at least
every other day/week for 6 months.

Endometrial histopathological findings

Before treatment, clinical stage la, low grade
endometrial carcinoma was confirmed in all five
PCOS-IR women in this report. The early endometrial
carcinoma exhibited a papillary proliferative glandu-
lar epithelial pattern (Fig. 1A and B). During
co-treatment, we found examples of both complex
atypical hyperplasia and complex hyperplasia. Alt-
hough the epithelial proliferation and irregular pat-
tern of gland growth were found in both types of hy-
perplasia, cytological atypia was present in complex
atypical hyperplasia (Fig. 1C and D) but not in com-
plex hyperplasia (Fig. 1E and F). However, the glands
grew in a regular pattern and no complex and/or
atypical hyperplasia was observed after the 6-month
co-treatment (Fig. 1G and H). Importantly, three of
five patients showed improved menstrual cycle reg-
ularity and positive ovulatory response, such as the
occurrence of ovulation, within 6 months after the
6-month co-treatment.

Hormonal and metabolic parameters

The average values of BW and BMI decreased
significantly in response to the described treatment
with the plasma concentrations of TT and FAI (Table
1). Co-treatment did not significantly change the lev-
els of FSH or LH or the LH/FSH ratio. SHBG levels
were significantly increased in co-treated patients
(Table 1). The OGTT results showed that the mean
peak plasma glucose level was similar before and af-
ter treatment (Fig. 2A), but the mean peak plasma
insulin level was lower after co-treatment than before
co-treatment (Fig. 2B). The only difference in plasma
glucose levels after co-treatment was a decrease in
glucose levels at 3 hours after the start of the OGTT
(Fig. 2A). In contrast, plasma insulin levels were sig-
nificantly decreased after co-treatment at baseline and
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at 2 and 3 hours after the start of the OGTT (Fig. 2B).
These OGTT results (Fig. 2B) were analyzed by IAUC,
which also showed a significant difference. The fast-
ing plasma levels of glucose and insulin were used to
calculate the measure of insulin resistance

(HOMA-IR). There was a significant decrease in the
HOMA-IR, which indicated a either a significant de-
crease in IR or an induction of insulin sensitivity (Ta-
ble 1).

F e ’Q«;m. ¥

Figure I. Histopathological findings in the endometrium from PCOS-IR
women before (A and B), during (C—F), and after (G and H) the 6-month
co-treatment with Diane-35 and metformin. Representative microscopic
photomicrographs of early endometrial carcinoma (A and B, clinical stage
la, grade 1), complex hyperplasia with atypia (C and D), complex hyper-
plasia (E and F), and normal endometria (G and H). Microscopic images
stained with hematoxylin and eosin . Scale bar: 100 ym.
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Figure 2. Time course of plasma glucose (A) and insulin (B) concentra-
tions during a 3-hour OGTT in PCOS-IR women before (black line) and
after (red line) the 6-month co-treatment with Diane-35 and metformin.
All statistical analyses were performed using SPSS version 21.0 for Win-
dows (SPSS Inc., Chicago, IL). Data were analyzed by paired-samples t-test
and are shown as the mean * SD. * = P <0.05 and was considered signif-
icant.

Table | Relevant clinical, hormonal, and metabolic features of
PCOS-related insulin-resistance patients (n = 5) before and after a
6-month treatment with Diane-35 and metformin

Normal range Before After p
treatment  treatment value
BW (kg) - 6440297 60.20+3.35 0.003
BMI - 2586+0.79 2416 +0.85 0.004
(kg/m?)
FSH (IU/L) 3.3-22.2 (follicular 5.77+1.73 3.73+212 0.263
phase)
LH(IU/L) 2.0-12.0 (follicular 10.00+526 4.50+2.07 0.068
phase)
LH/FSH - 1.88+1.26 126+020 0.387
TT 0.52-1.77 211+054 1.59+0.64 0.025
(nmol/L)
SHBG 19.8-155.2 33.00+21.28 162.48 + 0.029
(nmol/L) 94.24
FAI 0.96 —4.62 8.06+358 1.74+179 0.010
IAUC - 324.26 + 213.21 + 0.038
(mIU/L) 266.38 198.78
HOMA-IR - 1.33+055 0.85+0.80 0.025

BW, body weight; BMI, body mass index; FSH, follicle-stimulating hormone; LH,
luteinizing hormone; TT, total testosterone; SHBG, sex hormone-binding globulin;
FAl, free androgen index; IAUC, insulin area under curve; HOMA-IR, homeostasis
model assessment of insulin resistance. All statistical analyses were performed
using SPSS version 21.0 for Windows (SPSS Inc., Chicago, IL). Data were analyzed
by paired-samples f-test and were presented as mean + SD. P <0.05 was considered
significant.
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DISCUSSION

Young women with PCOS commonly develop
endometrial hyperplasia and carcinomas [8]. Because
surgery is currently the only truly effective means of
treating endometrial cancer, there is a need for the
development of new medical therapies that can re-
duce the need for surgical intervention so as to pre-
serve the fertility of these patients [7]. We show that
combined treatment of PCOS-IR women with Di-
ane-35 and metformin improves their hyperandro-
genemia and IR and reverts their early endometrial
carcinoma into normal endometria.

Progesterone resistance in PCOS women

The human endometrium is a steroid hor-
mone-responsive tissue composed of luminal and
glandular epithelial cells, stroma with stromal fibro-
blastic cells, immunocompetent cells, and blood ves-
sels [22]. The coordinated interaction between estro-
gen and progesterone is essential for controlling epi-
thelial and stromal cell proliferation, differentiation,
secretion, and apoptosis [6]. The coordinated timing
of all of these events is necessary to support the key
functions of the endometrium, including implanta-
tion, pregnancy, menstruation, and endometrial re-
pair [23]. However, the two steroid hormones often
act in an opposite manner in the endometrium [6]. It is
known that estrogen initiates hypertrophy and hy-
perplasia of endometrial epithelial cells and that pro-
gesterone is involved in the inhibition of estro-
gen-mediated proliferation [24].

The endometrium from PCOS women is differ-
ent from normal endometrium, and it experiences
sustained and persistent estrogen stimulation but
minimal or completely absent progesterone stimula-
tion [4, 23]. Therefore, progesterone-based oral con-
traceptives are used for inhibition of endometrial hy-
perproliferation and improvement of menstrual dys-
function [25]. In fact, approximately 92.5% of PCOS
women who do not develop atypical endometrial
hyperplasia after treatment have a return to normal
endometria [26]. Furthermore, treatment with meges-
trol progesterone or medroxyprogesterone can also
improve certain cases of endometrial atypical hyper-
plasia in some PCOS women [27]. However, such
therapeutic approaches often lead to disappointing
results. There is substantial evidence that approxi-
mately 30% of PCOS women develop progesterone
resistance [28], which is defined as the failure to re-
spond to a 3-month, high-dose progesterone treat-
ment regimen [23], and this results in the acceleration
of atypical hyperplasia and further transformation to
endometrial cancer.

Steroid hormones and their
receptor-mediated signaling in PCOS women

The morphological and physiological alteration
of the endometrium is highly regulated by steroid
hormone actions [24]. Estrogen and progesterone
mediate their endometrial effects through estrogen
receptors (ER) and progesterone receptors (PR). ER
and PR are coexpressed in human endometrium [23,
29], and an imbalance between the ER- and
PR-mediated signaling pathways results in endome-
trial dysfunction [23, 24]. However, multiple studies
have shown that endometrial ER expression is grad-
ually increased in women with PCOS following the
onset of endometrial hyperplasia and that endome-
trial PR expression is decreased in PCOS women with
endometrial hyperplasia compared to PCOS women
without endometrial hyperplasia [23] (Fig. 3). Similar
to the endometrium from PCOS women, endometrial
carcinoma contains ER and PR [7], and endometrial
defects that lead to progression of endometrial carci-
noma have been related to defects in steroid hormone
metabolism [11]. Although very little is known about
the endometrial expression patterns of ER and PR in
PCOS women with endometrial carcinoma, these data
suggest that the regulation of ER and PR expression or
the activation of ER- and/or PR-mediated pathways is
involved in the pathogenesis of endometrial hyper-
plasia and carcinoma in PCOS women.

Insulin-like growth factor-1 (IGF-1), a key
growth factor in the endometrium, is involved in the
regulation of cell proliferation and differentiation [30].
Steroid hormones regulate IGF-1 expression and sig-
naling, and the proliferative estrogen has been shown
to increase endometrial IGF-1 synthesis in vitro [31].
The anti-proliferative progesterone does not directly
regulate endometrial IGF-1 expression and activity.
Instead, we and others have shown that progesterone
stimulates stromal insulin-like growth factor binding
protein-1 (IGFBP-1) expression in vitro [30, 31] and
this in turn inhibits IGF-1 expression and activity [11].
These data demonstrate that different steroid hor-
mone-mediated regulatory mechanisms affect IGF-1
activity in the endometrium.

IGF-1 can directly stimulate cell proliferation
and inhibit apoptosis by binding to the IGF-1 receptor
(IGF-1R) that is expressed on the epithelial and stro-
mal cells of the endometrium [30]. Improper IGFBP-1
and IGF-1R expression might contribute to endome-
trial pathology. For example, IGFBP-1 expression is
undetectable or only minimally present in endome-
trial hyperplasia and cancer [32] whereas IGF-1R ex-
pression is elevated in endometrial hyperplasia [33].
Thus, IGF-1 signaling likely plays a significant role in
the development of endometrial hyperplasia and the
progression of endometrial carcinoma in PCOS
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women, but the exact role that IGF-1 plays in this
process has not yet to be determined.

PCOS women have elevated levels of androgens
[1, 2], but the function of endogenous androgens in
the endometrium is not well understood. In addition
to androgens, several studies have shown that estro-
gen can regulate the androgen receptor (AR) in hu-
man endometrium [34, 35]. Increased endometrial AR
expression in PCOS women during the development
of endometrial hyperplasia [23] (Fig. 3) might be due
to prolonged exposure to estrogen. Furthermore,
treatment with RU 486, a PR antagonist, increases
both epithelial and stromal AR expression in human
endometrium [36] suggesting that the inhibitory ef-
fects of progesterone on AR expression in the endo-
metrium are mediated by PR. In addition, we are
aware that surgical procedures are the most effective
treatments for the early stages of EC, and analysis of
endometrial PR expression in women with EC after

\
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hysterectomy is routinely used for the guidance of
progestin medication. Because a conservative treat-
ment is selected, it is important to determine the dif-
ferent expression and regulation of endometrial PR in
PCOS-IR women with EC before, during, and after
co-treatment.

The molecular mechanisms behind the devel-
opment of endometrial carcinoma in PCOS women
are not well understood [28]. Because PCOS women
show oligo/anovulation and abnormal menstrual
cycle regularity [1, 2], it is tempting to speculate that
the endometrial stromal cells lack the progester-
one-dependent and PR-mediated synthesis and secre-
tion of IGFBP-1. A lack of IGFBP-1 would release the
inhibition of IGF-1, and subsequent IGF-1 signaling in
the epithelial and stromal cells of the endometrium
[30] would lead to endometrial hyperplasia and car-
cinoma in PCOS women (Fig. 3).
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Figure 3. Schematic representation of hypothetical models and known mechanisms of Diane-35 and metformin actions in PCOS-IR women with early
endometrial carcinoma. The proliferation and transformation of epithelial cells to carcinoma and the progression of endometrial cancer might account for
a significant regulatory role of estrogen-dependent ER-mediated synthesis and activation of IGF-I signaling in PCOS women. Progesterone resistance is
intimately related to PCOS-related endometrial pathology. Stromal PR-mediated IGFBP-| expression (gray lines) acts in an autocrine and paracrine manner
to inhibit IGF-1 signaling in both epithelial and stromal cells. Progesterone resistance results in a decrease in stromal IGFBP-1 levels that in turn promotes
IGF-1 signaling in both epithelial and stromal cells. In addition, insulin might also promote epithelial cell proliferation and transformation to carcinoma in
PCOS endometrium by blocking stromal IGFBP-1 synthesis and consequently enhancing epithelial IGF-1 levels and activities. IGF-1 and insulin activate
similar signaling pathways. The actions of Diane-35 (blue line) and metformin (red line) are indicated. * Cyproterone acetate, a key component of Diane-35,
acts as an antagonist ligand for the AR and an agonist ligand for the PR. —, stimulation or increase; -| , inhibition or decrease; AR, androgen receptor; ER,
estrogen receptor; PR, progesterone receptor; IGF-1, insulin-like growth factor-1; IGF-IR, insulin-like growth factor-1 receptor; IGFBP-I insulin-like
growth factor binding protein-I; INSR, insulin receptor; GLUT4, glucose transporter 4; EH, endometrial hyperplasia; EC, endometrial carcinoma.
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Towards a cure for early endometrial
carcinoma in PCOS-IR women

To the best of our knowledge, there are no
available studies demonstrating the molecular
mechanisms of combined treatment with Diane-35
and metformin in the endometrium. Although it is not
clear whether the beneficial effects on endometrial
carcinoma regression are due to improvement in hy-
perandrogenism, and/or insulin sensitivity, several
possible explanations could account for this success-
ful co-treatment (Fig. 3).

First, Diane-35 is composed of cyproterone ace-
tate and ethinyl estradiol [16]. Although cyproterone
acetate is a progesterone agonist, it also has an-
ti-androgenic properties. Thus, increased progester-
one action and attenuation of ovarian androgen pro-
duction might affect the enhancement of PR-mediated
IGFBP-1 activity and the inhibition of AR signaling in
the endometrium. In addition, ethinyl estradiol might
cause a suppression of ovarian estradiol production
through  inhibition of  the hypothalam-
ic-pituitary-ovarian axis [16]. As a result, overall en-
dometrial ER-mediated IGF-1 expression and activity
would decrease in PCOS women (Fig. 3).

Second, the most commonly described function
of metformin is the modulation of insulin sensitivity
and glucose metabolism in PCOS women [37]. Our
patients had IR with compensatory hyperinsulinemia
before treatment. Thus metformin might have stimu-
lated insulin activity in the endometrium in addition
to other insulin-target tissues such as liver, muscle,
and adipose tissues (Fig. 3). However, the activation
of insulin signaling is likely to promote the develop-
ment of endometrial cancer [38]. In support of this
view, our laboratory and others have shown that
treatment with insulin increases IGF-1 levels and de-
creases IGFBP-1, IGF-1R, and insulin receptor levels
in human endometrial stromal cells in vitro [31,
39-41]. Moreover, it is known that cancer cells have
elevated glucose consumption and that insulin can
stimulate glucose uptake by glucose transporters
(GLUT). It has been shown that the levels of GLUT4
mRNA and protein are decreased in the endometrial
cells from PCOS women compared to non-PCOS
women [42, 43], and treatment with metformin in-
creases GLUT4 mRNA and protein expression in en-
dometrial cells from PCOS women [42].

Although there is still missing in vivo evidence
for local insulin activity in the endometrial carcinoma
from PCOS women, insulin-binding activity can be
detected in human endometrial cancer cells [44] and
insulin promotes endometrial cancer cell growth in
vitro [45]. The interactions between endometrial and
metabolic processes in PCOS-IR women remain to be

characterized, but the results of the present study
suggest alternative pathways for future investigations
into the regulatory mechanisms of insulin in the initi-
ation and development of endometrial carcinoma in
PCOS-IR women. However, it should be noted that
metformin also displays anti-cancer activities in a
variety of other human cancers [46]. Previously, it has
been shown that metformin inhibits cell proliferation
and induces apoptosis of several endometrial cancer
cell lines in a dose-dependent manner [47]. Recently,
Sarfstein and colleagues have reported that treatment
with metformin decreases cell proliferation and in-
creases apoptosis in uterine serous carcinoma through
inhibition of the insulin/IGF-I signaling pathway [48].
While progesterone resistance is associated with IR
and decreased stromal PR activity [28], metformin is
capable of reversing progesterone resistance and in-
creasing PR expression in endometrial cancer cells [49,
50]. These data implicate the positive regulatory ef-
fects of metformin on the endometrial reversion from
hyperplasia and/or carcinoma to normal endometria.

Epidemiological and clinical studies have pro-
vided ample evidence that endometrial cancer de-
velopment is associated with being overweight or
obese [11]. Weight loss in PCOS women through diet
and/or exercise training has been shown to confer
overall health benefits such as improvement of hy-
perandrogenism and insulin resistance, induction of
ovulation, menstrual cyclicity [3, 51], and decreased
plasma concentrations of circulating estrogen and
IGF-1 [52]. In this report, all patients participated in
the diet control and exercise training during treatment
to increase IR and they experienced restored sponta-
neous ovulation that suppresses the long-term estro-
gen stimulation in the endometrium. Therefore, life-
style modification might indirectly affect endometrial
function and improve fertility.

Up to 75% of PCOS women are reported to be
infertile [53]. The goal of combining Diane-35 and
metformin for the treatment of early endometrial car-
cinoma in PCOS-IR women was to preserve the uterus
for future pregnancy through the use of non-surgical
methods. Our results suggest that the combined
treatment led to rapid improvement in various endo-
crine and metabolic symptoms and promoted fertility
in these women. Diet control and exercise training
that might modulate the effect of the treatment with
Diane-35 and metformin need to be considered. It is
best to help patients obtain regulated ovulation and
subsequent normal uterine pregnancy as early as
possible after co-treatment.

Limitations and reason for caution

The number of patients in this study is low. This
small trial size and the retrospective design of the
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study mean that the results presented here must be
interpreted with caution. Future randomized trials
with a larger sample size are needed to confirm our
findings.

CONCLUSIONS

Our results show that this combined treatment
could be a novel medical therapy for the treatment of
early endometrial carcinoma in addition to reverse
atypical endometrial hyperplasia in PCOS-IR women
[13, 14]. Further investigation of the molecular path-
ways in the endometrium of PCOS-IR women might
reveal potential targets for this combined treatment to
aid in the accurate and reproducible treatment in
PCOS-IR women. These investigations will also pro-
vide additional insights into different responses of
combined treatment in PCOS-IR women with early
endometrial carcinoma.
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