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Abstract

Overweight and insulin resistance (IR) are central pathogenic features of the Polycystic Ovary Syndrome
(PCOS), and weight loss is the main treatment option. PCOS is also associated with signs of a chronic inflammation,
activation of the coagulation system, defect endothelial function and increased arterial stiffness, all regarded as risk
factors or markers for the development of cardiovascular disease. These factors are not taken into account in the
definition of the syndrome, which is based on the 3 Rotterdam criteria. An uncertainty of the clinical risk of
cardiovascular disease (CVD) in these relatively young women has led to many studies on surrogate markers of
CVD in PCOS, including the search for new markers with additional information of the arteriosclerotic burden in
PCOS. GLP-1 analogues, originally developed for the treatment of diabetes, induce weight loss also in non-diabetic
people. We therefore questioned whether treatment with the GLP-1 analogue Liraglutide to women with PCOS in
doses used for diabetes could induce weight loss and improve IR and through this action, or independently, improve
markers of vascular thrombosis in women with PCOS. Thus, 70 overweight and/or insulin resistant PCOS women
were planned treated for 26 weeks in a placebo controlled randomized trial with the following effect parameters to be
evaluated: Changes in Thrombin generation time, Adrenomedullin, Atrial natriuretic peptide, body fat composition
(DEXA), liver fat content (MRI), BMI, IR, sex hormones and ovarian morphology. The protocol and the background
for the study are brought in this report.
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environmental and genetic components, and is diagnosed according to
the presence of 2 out of 3 Rotterdam Criteria: Oligomenorrhea,
polycystic ovaries and hyperandrogenism [2]. PCOS is associated with
the elements of the Metabolic Syndrome (MS) (obesity, impaired
glucose tolerance, hypertension and dyslipidaemia), and women with

ovary
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Introduction

Polycystic Ovary Syndrome (PCOS) is the most common endocrine
dysfunction in women in the fertile age with a prevalence of 5-10%.
PCOS is a complex syndrome characterized by heterogeneity in
phenotypic manifestations. The clinical phenotype of PCOS includes
reproductive and hormonal aberrations, namely anovulation and
hyperandrogenism, along with metabolic disturbances. The
interference in the normal crosstalk between the reproductive system
and metabolic tissues, affects not only the risk of obesity through
deterioration of the metabolic profile but also aggravates ovulatory
dysfunction and hyperandrogenism [1]. Although the pathogenesis of
PCOS remains unclear, the syndrome appears to involve

PCOS have approx. 10 times increased risk of developing MS [3], and
4 times increased risk of developing Type 2 Diabetes (T2D) as
evaluated in BMI-matched studies [4]. Thus, Insulin Resistance (IR) is
a prominent feature of the syndrome [5].

Treatment of PCOS depends on the presenting phenotype and
personal wishes from the patient, and includes life-style intervention
with dietary counselling and increased physical activity, as well as
treatment of IR with Metformin, of hirsutism with testosterone
antagonists, and of oligo/amenorrhoea through intervention with anti-
androgen oral contraceptives. Moreover, treatment of the other
elements of the MS (hypertension, dyslipidaemia, diabetes) is often
required [6]. PCOS is similar to MS associated with increased signs of
a chronic inflammation [7,8], activation of the coagulation system [9],
defect endothelial function [10] and increased arterial stiffness [11,12],
all regarded as risk factors or markers for the development of
Cardiovascular Disease (CVD) [13]. Because of an increased
accumulation of CVD risk factors, women suffering from PCOS are
regarded as being in increased risk of developing CVD, although
precise figures are not known [14]. This is due to lack of prospective
studies with precise diagnostic criteria and hard endpoints as
cardiovascular events.
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There is an increasing recognition that the Rotterdam criteria do
not take into account the accumulation of cardiovascular risk factors
seen in PCOS [8]. Only hyperandrogenism seems to reflect this,
although no definite association has been demonstrated [15].

The uncertainty on the clinical CVD risk in these relatively young
women has led to many studies on surrogate markers of CVD in
PCOS including also the search for markers with additional
information on the arteriosclerotic pathophysiology in PCOS. In line
with this we recently studied the dynamic hemostatic marker
Endogenous Thrombin Potential (ETP) [16], measured by a Thrombin
Generation Test (TGT) as well as Plasminogen Activator Inhibitor 1
(PAI-1) in PCOS, and found increased levels of both [17]. ETP and
PAI-1 were both driven by total fat mass and IR.

Another novel marker of CVD, Adrenomedullin, which signals
endothelial dysfunction, seems independently associated with
increased androgens as well as visceral fat in PCOS (Frossing et al.
unpublished).

Recent studies have suggested that reduced plasma levels of the
natriuretic peptide ANP might be a central pathophysiological feature
in the development of hypertension [18]. A single study report
decreased ANP levels in PCOS compared with age and BMI matched
controls [19], which is of interest due to the link between MS
including hypertension, and PCOS.

GLP-1-analogues induce weight loss and reduce IR in T2D. In
diabetes, which has been the main indication for using GLP-1
analogues, a weight loss of approximately 3-4 kg body weight is seen
[20]. Since IR and obesity are associated with PCOS, GLP-1 analogues
might be an attractive therapeutic option. Thus, in one study the
GLP-1 analogue Exenatide was administered for 24 weeks compared
with Metformin alone or Exenatide/Metformin combination in a
randomized, open-label trial on 42 women with PCOS. The

combination treatment was found to be superior in improving free
androgen index, insulin sensitivity, weight, abdominal fat mass, and
ovulatory rate [21].

In the present study we hypothesize, that GLP-1 analogue treatment
with Liraglutide in PCOS without diabetes will result in a beneficial
reduction in risk markers of vascular thrombosis and cardiovascular
disease. This might be due to loss of weight, changed fat distribution
and/or reduced IR. Further, ovary morphology might improve. On
this background we undertook a RCT. The protocol is presented in
this report.

Materials and Methods

Design

The LIPT study is an investigator-initiated single centre,
randomized, double blind, parallel, placebo controlled intervention
trial conducted at Herlev University Hospital, Denmark. Women with
PCOS are randomized to subcutaneous injection of either Liraglutide
1.8 mg once daily or matching placebo for 26 weeks. The
randomization is list-generated, in a 2:1 ratio (Liraglutide:placebo).

Patient population

Seventy patients with PCOS, according to the Rotterdam Criteria
[2], and without T2D are scheduled for enrolment. Participants are
recruited from an out-patient PCOS clinic at Department of Obstetrics
and Gynaecology, Herlev University Hospital, from social media and
from private specialists in Obstetrics and Gynaecology as well as
General Practitioners. Women who seem likely to meet the in- and
exclusion criteria are invited to screening (Table 1).

Inclusion criteria

PCOS according to the Rotterdam criteria

Age = 18, but premenopausal at screening

BMI = 25 and/or insulin resistance at screening (IR defined as fasting plasma Cpeptide>600 pmol/l)

Exclusion criteria

Pregnancy or breastfeeding

On hormonal contraceptives within 6 weeks prior to randomization

On metformin, GLP-1 receptor agonists, DPP-IV inhibitors or spironolactone 3 months prior to randomization.

On medications known to influence the inflammatory response, sex hormones and the haemostatic-thrombotic system.

barrier (simultaneous use of condom and diaphragm).

Fertile females who are not using adequate contraceptives according to Danish Medicines Agency’s definition. We offer a copper IUD (intra uterine device) or double

Smoking>10 cigarettes per day

Alcohol or drug abuse

Type 1 or 2 diabetes mellitus

investigator presume will influence the study

Hypertension, liver disease, inflammatory disease, pancreatitis, MEN2, compromised kidney function (GFR<60 ml/min), cancer (within 5 years) or other diseases the

Table 1: In- and exclusion criterion.
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Figure 1: Study visits.

Screening-V0: Oral and written information is given and informed
consent is obtained. Here after medical history is gathered, a general
physical examination, a trans vaginal ultrasound and blood tests are
performed.

Included participants will attend three planned visits:
randomization (V1), clinical control (V2) and End of study (V3). The
women will be contacted twice by phone and are all offered a one hour
dietary consultation.

Randomization and End of study-V1 and V3: After overnight
fasting a blood sample for the measurement of biomarkers is obtained.
Prior to blood sampling, the participant rests for 20 minutes in sitting
position, and when drawing the blood a stasis of 40 mm Hg is used.
The blood is centrifuged and frozen at -80°C immediately, or sent to
routine analysis. Morning urine sample is collected for albumin/
creatinine ratio analysis. A standardized oral glucose test with 75 g
glucose is performed and blood samples are drawn at 0, 30, 60 and 120
minutes. A general physical examination, including blood pressure,
hirsutisme score, BMI, waist, hip and thigh measurements is
performed. MRI-scan, full body DEXA-scan and 2D/3D trans vaginal
ultrasound are performed. Adequate contraception is mandatory in
the study period, and a copper IUD is inserted at randomization. At
randomization the participants will be instructed in the use of study
medication and a bleeding diary. At end of study the injections pens
will be returned in order to monitor compliance.

Safety contacts-T1, V2 and T2: Two and 16 weeks after
randomization the participants will be contacted by phone in order to
insure dose escalation and to monitor the tolerance to the drug. A
clinical control and safety blood samples are performed eight weeks
after randomization.

General: Pregnancy tests are obtained and concomitant medication
and adverse effects/events are explored at every visit. The participants
are instructed to call or text to the LIPT-study phone if they have
questions or experience side effects.

Outcome measures

Primary objectives: To investigate change from randomization to
end of study after 26 weeks of treatment with Liraglutide versus
placebo in Thrombin Generation Time (TGT), measured as
Endogenous Thrombin Potential (ETP).

Secondary objectives: To investigate change from randomization to
end of study after 26 weeks of treatment with Liraglutide versus
placebo in

o Cardiac biomarkers (MR-pro-Adrenomodullin, ANP, BNP, NT-
pro-BNP and Copeptin)

o Inflammatory and thrombotic biomarkers (hsCRP, PAI-1 and
vWF)

e Male and female sex hormones

e Glucose metabolism (measured by HOMA-1, HOMA-2 and
Matsuda Index)

o Liver-fat (measured by MRI-spectrometry)

« Body composition (measured by DEXA)

«  Ovarian morphology (measured by 3D-ultrasonography and MRI)

o Anti Millerian Hormone

« Bleeding pattern (bleeding diary)

o Hirsutism (measured by Ferriman-Gallway score).

Data management and statistics

Source data will be recorded in the patient record or on specific
worksheets. A Case Report Form (CRF) is constructed for data
capture. Data will be stored in coded form in 15 years according to
recommendations from the Danish Data Protection Agency.

In the intention to treat population none of the randomized
participants are excluded, and the patients are analysed according to
the randomisation group. The per protocol population will consist of
all patients who completed the study with a documented valid baseline
and final week assessment of the primary objective ETP, measured by
TGT, and without any major protocol violations.

The primary efficacy outcome is the difference in change from
baseline to end of study in plasma levels of ETP between the treatment
and the control group. The absolute values and mean change from
baseline for each treatment group, and the difference in mean change
between the Liraglutide group and the placebo group, and the 95%
confidence interval will be presented. The primary analysis is based on
the intention to treat population. Comparison of ETP levels between
treatment groups will be performed after testing the parameter visually
by histogram and using the Shapiro-Wilk test for normal distribution.
Normally distributed variables will be presented as mean + SD, non-
parametric statistics and appropriate log-transformation will be
performed if assumption of normality is not met. After log
transformation the parameter will be further tested for normality
distribution as indicated. A two-tailed p value of 0.05 or less is
considered statistically significant. Comparisons between treatment
groups will be performed by an unpaired two sample t-test, Mann-
Whitney test, or x? test as appropriate.
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Power analysis

Primary endpoint: Primary outcome parameter is change in ETP,
measured by TGT, after 26 weeks of intervention. The study estimated
to detect a difference (effect size) of 100 units in ETP (Cohen
standardized mean difference). The power analysis was based on an
estimated variance i.e. standard deviation (SD) of 130 as obtained in-
house from controls in the analysis. With 85% power and with a two
sided significance level of 0.05, 63 patients should then be enrolled
with a 2:1 randomisation (Liraglutide:placebo).

Secondary endpoints: A similar analysis was performed post-hoc
using Adrenomedullin as primary end point, effect size 10% and
experience with in-house analysis of Adrenomedullin. Being a more
precise assay than TGT fewer patients are needed. The number of
participants required to detect a difference in changes in liver fat is
dependent of the SD of mean liver fat as measured by MRI
spectroscopy. The estimated SD of liver fat content in moderately
overweight women is 6.5% [22]. With a statistical power of 90% and a
two-sided significance level of 5%, a clinical relevant difference in liver
fat content of 6% can be detected with a sample size of 48:18
(Liraglutide:placebo). The anticipated clinical relevant difference of 6%
is in accordance with a previous study reporting an absolute reduction
in liver fat of 6% measured by MRI spectroscopy after 6 months
treatment with GLP-1 analogue in 25 patients with [23].

To allow for approximately 10% of randomized patients with major
protocol deviations or withdrawal, 70 patients will be randomized.
Cohen statistical power analysis, estimating the relationship between:
significance level, effect size, power, estimated variance and sample
size, was used for power calculations [24].

Time schedule

The first patient was randomized in March 2014 and last patient,
last visit is expected in January 2016.

Study drug

The study drugs Liraglutide or matching placebo (saline) are
visually identical; a clear solution for subcutaneous injection in
prefilled pen. The study drug will be introduced at a dose of 0.6 mg/
day, increased to 1.2 mg/day after one week and to 1.8 mg/day after
two weeks according to recommendations for treatment in diabetes
patients. A dose increase can be postponed based on the participant's
tolerance to the study drug and the dose can be reduced at any time
during the study if required. Common side effects (1-10%) are nausea,
obstipation, vomiting, diarrhoea and headache. The dose of 1.8 mg is
chosen for safety reasons as effects and tolerability is well documented
as well as it enables us to test the effect in both lean insulin resistant
and overweight PCOS-women, which is essential in determining
whether Liraglutide-therapy is a treatment option for PCOS women.
Log of supplied and returned study medication is kept on patient and
site levels. All trial products are delivered, packed and labelled by
Novo Nordisk A/S.

Ethics

The study is approved by the Danish Scientific Ethics Committee
(H-2-2013-142), the Danish Medicines Agency (EudraCT-number
2013-003862-15), and the Danish Data Protection Agency. The study
is conducted in accordance with the Helsinki Declaration and is
monitored by the ICH-GCP-unit (good clinical practice) at

Copenhagen University Hospital. Serious adverse events are reported
according to GCP guidelines and Danish Medicines Agency rules. The
trial is registered at www.clinicaltrials.org with ID: NCT02073929.

Intellectual properties are owned by the investigators only. Results
will be published in international scientific journals. Novo Nordisk
A/S will be given four weeks to comment on the manuscript prior to
submission.

Discussion

Since the LIPT-study was initiated a few papers have been
published on GLP-1 analogue treatment in PCOS. With focus on non-
alcohol fatty liver disease, 19 PCOS and 17 age and BMI matched
women were treated with 1.8 mg Liraglutide daily for 6 months in a
case-control study [25]. On average they lost 3 kg and significantly
improved HOMA-IR (5.1 to 4.3), hsCRP, triglycerides and the fibrosis
marker Procollagen type 3-amino-terminal peptide compared to
controls [25]. Another randomized, open-label study, including 36
PCOS patients, investigated the add-on effect of Liraglutide (1.2 mg
daily) to Metformin (2 g daily) compared to either Metformin or
Liraglutide as monotherapy for 12 weeks, on weight loss [26].
Combined treatment was the most effective with mean weight loss of
6.5 kg as compared to 3.8 kg in Liraglutide alone [26]. The same
research group observed a reduction in visceral adipose tissue (VAT)
measured by DEXA and improvement in uncontrolled and emotional
eating behavior evaluated by questionnaires in 36 obese PCOS-women
pretreated with Metformin and then switched to 12 weeks of
Liraglutide (1.2 mg daily) mono-therapy [27]. Finally, a private
gynecological clinic reported on 84 PCOS-patients with no weight loss
on previous Metformin therapy and low carb diet. The patients were
treated with 0.6-1.8 mg Liraglutide daily added to Metformin in an
observational study without a control group for an average of 27.8
weeks (SD 19.2) and a self-reported mean weight loss of 9.0 kg (CI
7.8-10.1 kg) was found [28].

The previous GLP-1 studies in PCOS have addressed weight issues,
sex hormone levels, glucose metabolism, eating behavior and
menstrual regularity, but the effect on markers of early cardiovascular
disease has not been examined. ETP was chosen as the primary
objective since it reflects the combined effect of pro- and anti-
thrombotic pathways and not only a specific component. Increased
thrombin generation is found independently predictive of CVD
[29,30]. A cross-sectional study on 45 PCOS and 45 age and BMI
matched controls showed the PCOS women to have faster thrombin
generation suggesting a greater risk of hypercoagulation [31]. On this
basis our study will add novel information as well as evaluate the
previous mentioned parameters on a larger cohort. Including 48 PCOS
women for Liraglutide treatment and 24 as blinded placebo controls
makes this study the largest RCT on Liraglutide intervention in PCOS
so far.

According to our in- and exclusion criteria, lean PCOS-women are
included in the LIPT-study if they are insulin resistant (Table 1). This
is done in order to investigate whether Liraglutide, by improving the
glucose metabolism, has a role in the treatment of lean but insulin
resistant PCOS-women. We also hope this will shed light on whether it
is the weight loss or the improvement of the glucose metabolism from
Liraglutide that improve the symptoms of the PCOS.

In december 2014 the American Food And Drug administration
approved Liraglutide 3.0 mg daily for therapy in patients with BMI
above 30, or 27 if there is weight related conditions such as
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hypertension, T2D or dyslipidemia. Many PCOS patients will fall into
this category, and it opens a whole new treatment opportunity for
women, who do not succeed in reducing weight or the PCOS
symptoms on diet, excise and Metformin. Our responsibility as
scientists is to insure that the treatment is beneficial for the women
suffering from PCOS, and to determine the role of Liraglutide among
the other available treatment modalities in this specific disease.

Expected results and outcome

From the above mentioned studies and studies in diabetes we
expect an average weight loss from 3 to 9 kg during the treatment
period, however we must keep in mind that we also include women
with normal weight. We also expect a reduction in androgens [21],
VAT and insulin resistance. We have previously reported that the
primary end point ETP is increased in PCOS and mainly driven by
high BMI as well as IR(17). Weight reduction intervention studies in
obese children have demonstrated a reduction in ETP approximately
similar to the expected reduction of 100 units ETP in this study [32].
Elevated ETP of similar magnitude as we have found in PCOS have
been demonstrated to be associated with increased risk of first and
recurrent venous thrombosis [33,34], and predictive of increased long-
term risk of arterial cardiovascular disease [35]. With regard to liver
fat we expect a reduction of about 6% due to weight loss, which is very
similar to the effect of 6 months GLP-1 treatment in obese type 2
diabetes patients [23]. A 10% reduction in Adrenomedullin levels that
we expect seems comparable to reductions found after gastric by-pass
due to obesity [36].
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