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New Procedure to Obtain CME Credits

Dear Postgraduate Course Participant:

The Accreditation Council for Continuing Medical Education now requires that ASRM
document learning for participants in CME programs. Thus, the procedure for claiming CME
credits has changed. We ask your cooperation in following the steps below to ensure that
your credits are provided correctly to you.

1. Within 3 days after the Annual Meeting you will be sent an email asking you to complete an
online evaluation of this postgraduate course. A personalized Web link to the evaluation
will be provided in your email. Please do not share this unique link.

2. In late November you will be sent a second email with a personalized Web link asking you
to complete the post-test on the content of the course. This test is identical to the pre-test
and will enable ASRM to assess the effectiveness of this postgraduate course as a learning
activity. For your convenience, the test questions are printed in the course syllabus.

After both steps have been completed, you will be able to claim your CME credits and/or
ACOG Cognates and receive a printable CME certificate. Please note that you must provide
your 10-digit ACOG Membership Number to have your ACOG Cognates reported to ACOG.
Results of both the course evaluation and the post-test are anonymous.

Both steps must be followed completely by December 31, 2009 in order to receive CME
credits. A maximum of 6.5 CME credits can be claimed for the postgraduate course. Please be
aware that some email systems flag emails with Web links as junk mail, and you may need to
check your junk-email folder for your notifications.

Please DO NOT forward the links. In case of difficulty please email pfenton@asrm.org

*****Deadline for receiving CME credits = December 31, 2009 *****

Continuing Medical Education
Continuing medical education is a lifelong learning modality to enable physicians to remain current with
medical advances. The goal of ASRM is to sponsor educational activities that provide learners with the
tools needed to practice the best medicine and provide the best, most current care to patients.

As an accredited CME provider, ASRM adheres to the Essentials and policies of the Accreditation Council
for Continuing Medical Education (ACCME). CME activities now must first, address specific, documented,
clinically important gaps in physician competence or performance; second, be documented to be effective
at increasing physician skill or performance; and third, conform to the ACCME Standards for Commercial
Support.
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All speakers at the 2009 ASRM Annual Meeting and Postgraduate Courses were required to
complete a disclosure form. These disclosures were reviewed and potential conflicts of interest
resolved by the Subcommittee on Standards of Commercial Support of the Continuing Medical
Education Committee. The faculty has revealed the following information as potential conflicts
of interest:

Nanette Santoro, M.D.: QuatRx: Consultant, Ferring: Grant support
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Accreditation statement:
The American Society for Reproductive Medicine is accredited by the Accreditation Council for
Continuing Medical Education to provide continuing medical education for physicians.

Designation statement:

The American Society for Reproductive Medicine designates this educational activity for a
maximum of 6.5 AMA PRA Category 1 Credits™. Physicians should only claim credit
commensurate with the extent of their participation in the activity.

American College of Obstetricians and Gynecologists (ACOG)
The American College of Obstetricians and Gynecologists has assigned 6.5 cognate credits to
this activity.

American Board of Bioanalysis (ABB)

The American Society for Reproductive Medicine has been approved to provide Professional
Enrichment Education Renewal (PEER) credit through the American Board of Bioanalysis.
PEER credit information for eligible courses is located in the front of this syllabus.

*kk

Please turn off/mute cell phones
and pagers during the postgraduate
course and all Annual Meeting sessions.

Thank you.
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POLYCYSTIC OVARY SYNDROME: ORIGINS AND DESTINY

NEEDS ASSESSMENT AND COURSE DESCRIPTION

Physicians are often confused about the best methods for identification and treatment of PCOS
in adolescents, as well as the most appropriate, evidence-based treatments for fertility
enhancement. In addition, there is a relative lack of understanding of the genetic correlates of
PCOS in family members. This lack of knowledge results in ineffective therapies (e.g.,
metformin) being given for ovulation induction, delayed diagnosis of PCOS in adolescence with
resulting increased hyperandrogenic symptoms, and a lack of an appropriately focused
approach to family members of women with PCOS who may well visit the same physician.

This course is aimed at physicians, nurses and nurse practitioners who care for women with
polycystic ovary syndrome. Topics to be covered include the genetic basis for PCOS and its
phenotypic expression in relatives; the Rotterdam and NIH criteria, and their differences and
their relative effectiveness in diagnosing PCOS; and the Barker hypothesis and its ramifications.
Participants will be better equipped to provide the most appropriate care, understand and apply
the appropriate criteria in order to facilitate diagnosis, and provide the best possible care for
pregnant women with PCOS, thus ensuring the health of the next generation of offspring of
PCOS women.

ACGME COMPETENCY
Patient Care
Medical Knowledge

LEARNING OBJECTIVES
At the conclusion of this course, participants should be able to:

Describe the potential prenatal (programming) and genetic underpinnings of PCOS.

Detect PCOS in childhood and adolescence.

Define PCOS in clinical practice.

Develop short- and long-term treatment strategies for women with PCOS of varying
phenotypes.

PwnhPE
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Sunday, October 18, 2009

08:15 - 08:30

08:30 — 09:05

09:05 -09:15

09:15 - 09:50

09:50 - 10:00

10:00 — 10:30

10:30 — 11:05

11:05-11:15

11:15-11:50

11:50 - 12:00

12:00 — 13:00

13:00 - 13:35

13:35-13:45

13:45 - 14:20

Course Introduction and Orientation
Nanette Santoro, M.D.

Prenatal Programming: The Role of the Intrauterine Environment in
Predicting Future Insulin Resistance
Daniel A. Dumesic, M.D.

Questions and Answers

Genetics of PCOS 2009: Implications for Clinical Practice
Richard S. Legro, M.D.

Questions and Answers

Break

Childhood and Adolescent Manifestations Of PCOS—How Early and How
Effectively Can It Be Treated?

Kathleen M. Hoeger, M.D.

Questions and Answers

Debate: Have the Rotterdam Criteria Simplified the Diagnosis of PCOS?
Pro: Richard S. Legro, M.D. Con: Kathleen M. Hoeger, M.D.

Questions and Answers
Lunch

Preventing the Long-term Sequelae of Insulin Resistance in PCOS
Richard S. Legro, M.D.

Questions and Answers

Prevention of Hirsutism
Daniel A. Dumesic, M.D.



Sunday, October 18, 2009 (continued)

14:20 — 14:30

14:30 — 15:00

15:00 — 15:30

15:30 - 16:00

16:00 - 16:30

16:30 - 17:00

Questions and Answers

PCOS 101: First Line Ovulation Induction: Weight Loss, Clomiphene and
Its Variations

Richard S. Legro, M.D.

Break

Gonadotropin Regimens for ART
Daniel A. Dumesic, M.D.

Long-term Cardiovascular Issues and Their Prevention
Kathleen M. Hoeger, M.D.

Menopause: It's Different If You Have PCOS
Nanette Santoro, M.D
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PRENATAL PROGRAMMING: THE ROLE OF THE INTRAUTERINE ENVIRONMENT
IN PREDICTING FUTURE INSULIN RESISTANCE

Daniel A. Dumesic, M.D.
Clinical Professor, Division of Reproductive Endocrinology and Infertility
Department of Obstetrics and Gynecology
University of Wisconsin, Madison
Affiliated Scientist, National Primate Research Center
University of Wisconsin, Madison

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

1. Define two alterations during fetal development that could permanently program adult
physiology.

2. Contrast differences in fetal growth between prenatally androgenized female rhesus
monkeys and sheep.

3. Formulate a mechanism by which prenatal androgenization in rhesus monkeys promotes
increased infant weight gain.



Dumesic

Daniel A. Dumesic, M.D.
Clinical Professor
Division of Reproductive Endocrinelogy and Infertility
Department of Obstetrics and Gynecology
Affiliated Scientist, National Primate Research Center
University of Wisconsin, Madison

At the conelusion of this presentation, participants
should be able to
= Define two alterations during fetal development that
could permanently program adult physiology
Contrast differences in fetal growth between prenatally
androgenized female rhesus monkeys and sheep.

Formulate a mechanism by which prenatal
androgenization in rhesus monkeys promotes
increased infant weight gain

Grant Support:
Schering-Plough Pharmaceuticals
Ferring Pharmaceuticals
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Before conception: females had simitar ages and body weights

Gestational days 30+2 (mean+SEM): female fetuses were
identified by absence of Y-chromosomal DMA in matemnal blood

Gestational days 40-80. pregnant females received 15 mg
testosterone propionate (TP) subcutaneously (sc) daily [n=8] or
vehicle control [n=7]

| was obtained from a peripheral vessel

| was obtained by uitrasound-guided cardiocentesis
of the left ventricle using a 25-gauge aspiration needie.

was obtained from the umbilical artery at term C-
section (postnatal day 1) and from the femoral vein on postnatal
day 30

* P<0.001 vs controls
@ Controls [n=5)
O TPfemales (n=9)

Infants

i+ TP ingmetwl

Infant

B Controls
PAfemales
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Maternal Effects
Increased weight gain at midgestation
Mild to moderate glucose intolerance
Hyperinsulinemia

Fetal Effects
Elevated serum insulin levels
Increased biparietal diameter
Neonatal Effects
MNormal birth weight
Increased postnatal weight gain

Increased insulin sensitivity and disposition index

Disposition index= product of 5i X AlRg
(Fancreatic B-cell compensatory index)

Insulin Sensitivity

Total abdominal fat
Visceral fat mass (g)

oanbrod Presnatall Caotrol
(n=6G)  ondroge
[n=G)

* p = 0.04 vs. control ** p < 0.01 vs. control

Eisner J et al. 2003
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Disposition index= product of 5i X AlRg
(Fancreatic B-cell compensatory index)

Insulin Sensitivity

. p = 0,008

(Fishers
exact tast,
2-talf)

Control Prenatally Late-
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(n=11) (n=9)

Dumesic D et al. 2005
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Maternal exogenous androgen excess
Mild-to-moderate maternal glucose intolerance

Mild-to-moderate hyperglycemic pregnancy

Infants: traits of in utero hyperglycemia
50% prevalence of low blood glucose
Insulin sensitive without compensation of
pancreatic insulin responses to glucose
hyperinsullnemlia promotes Infant weight gain

eriipidemia,
1

= Insulin, insulin-like growth factor (IGF)-1/-1l receptors and
17-alpha hydroxylase exist in mid-gestional fet:
at which time > of female fetuses are
elevated into the normal male range
In diabetic pregnancies, amniotic fluid T levels are
elevated

Female stilibirth offspring of diabetic mothers have
hirsutism, ovarian theca-lutein cysts and thecal cell

hyperpiasia

Shifren et al. 1993: Cole et al 3. Barbieri et al. 1986;
Huftquist et all 1981; Driscoll et al. 1960; Peccoz etal. 1981

']

90d 140d

Steckler T et al. 2005




Weight gain
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GENETICS OF PCOS 2009: IMPLICATIONS FOR CLINICAL PRACTICE

Richard S. Legro, M.D.
Department of Obstetrics and Gynecology
Penn State College of Medicine
M.S. Hershey Medical Center
Hershey, Pennsylvania

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

Describe family phenotypes in polycystic ovary syndrome (PCOS) families.
Identify the characteristics of a good genetic study.

Discuss the role of genetic testing in the diagnosis and management of PCOS.
Explain possible mechanisms in the intrauterine environment could lead to PCOS.

NS
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Genetics of PCOS 2009:
Implications for clinical
practice

Richard S. Legro, M.D.
Department of Obstetrics and Gynecology
Penn State College of Medicine
M.S. Hershey Medical Center
Hershey, PA

Learning Objectives

At the conclusion of this presentation, participants
should be able to

* Describe family phenotypes in polycystic ovary
syndrome (PCOS) families

» |dentify the characteristics of a good genetic study

» Discuss the role of genetic testing in the diagnosis
and management of PCOS

» Explain possible mechanisms by which the
intrauterine environment could lead to PCOS

Disclosures

e Study Investigator - Solvay
Pharmaceuticals

» Consultant - Merck-Serono
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PCOS Family Tree

Mother and Father

e

Erother Woman with PCOS Sister

Son/Daughter

Familial Syndrome of Polycystic Ovary

inn \

SH &8 O HESS®

&N BN

o

What Is the PCOS
Phenotype?

A
%8

Legro
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Correlation of PCOS Traits in
Twins/Sisters
Dirygotic twansfsisters

N=1872

R (85% Cl} R {85% CI)

Oligomenorrhea 0.67 0.07
(0.49t0 0.80) |(-0.19t00.34)

Acne 0.78 [0.44
(0.69t0 0.84)  |(D.30 to 0.56)

Hirsutism '0.86 ‘.28
(0.75t00.92)  |(0.05t0 0.50)

038
{0.00 to 0.66)

Vink et al, JCEM, 2008

Elevated Testosterone Levels in Affected Sis

Adrenal Androgen Levels
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FERTILITY AND STURILITY®

Prevalence of polycystic ovary syndrome
(PCOS) in first-degree relatives of
patients with PCO

Madnss [ Kaksar-LiSae, R0 " Chosrts Mimnn, 8. Lamy 7 Beaty. PR D
Fioaney C G, PRAO." and Ricsrcs Amiz, M0, MM

40% of sisters affected with PCOS
(hyperandrogenemia or hirsutism) vs.
4% of control population

Hyperandrogenemia Tracks with

Insulin Resistance in PCOS Sisters

o POCOS
B HA
EUA

B Control

D+ w—w | :
Gl Ratia Fasting |

Legro ol al, JCEM, 2002
* P < 05 ve. UACantral

Increasing Bioavailable Testosterone
Associated with Metabolic Syndrome
(MBS) in Adolescent PCOS

1005

754
I Cook Criteria
%% W
504 p < 0.00
MBS = De Ferranti
Criteria
254 ** < 0,001

1 2 3 4

Bioavallable Testoslerone Quariile

Covielio, A_D. el sl J Cln Endacringl Melab 2006;91:492-497

Legro
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Mothers of Women with PCOS have
Hyperandrogenemia and Insulin
Resistance

Role of Androgens in Metabolic
Abnormalities in PCOS Mothers

e In a multivariate regression analysis, the
only predictors of LDL levels in mothers
were their daughters's LDL levels (r? =

0.11, P < 0.001) and mothers' ownuT
levels (r? = 0.04, P = 0.03).

* Age, BMI, HOMA IR, tobacco use,
alcohol intake, and exercise were not

significant predictors of LDL levels in
mothers.

Sam 5, PNAS, 2007

Proposed Male Phenotypes in
PCOS Families

e Abnormalities in male hair
distribution
#ncreased body hair
# Premature male balding
e Abnormalities in circulating
androgens and gonadotropins
» [nsulin resistance

20




What Are the Male
Phenotypes?

DHEAS

Mechanisms of Hypogonadism
in Obese Males

HEPATOCYTE

GBES&TY-—-—-.,,_‘.

' aausamr-‘

Increased Prevalence of Male Premature
Male Pattern Baldness in PCOS Families

| BPCDSn=500 |4

@ Control (n= 10) —{

PMPB
EMEE Govind i al, JCEM, 1559

Legro
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Increased Prevalence of
Dyslipidemia and IR in Brothers

Sam at &l Diabsles Care 2008, Malaboksm 2008

Increased Prevalence of Metabolic
Syndrome in First-Degree Male
Relatives of PCOS Women

B rCos
B Control
PR —

: - -

Brothers Falhiers

What About the Children of
Mothers with PCOS?

22




Daughters of PCOS Mothers
Have PCO

PCOS

Da Lig) hter Conral Daughier
O%PCO MN=

93% PCO | 10
N =15

Salivary Insulin

Levels Increase

During Puberty
in PCOS
Children

Kent of nl. JCEM 2008

Summary: Family PCOS Phenotypes

# There is evidence that stigmata of PCOS,
i.e., PCO, hyperandrogenism and
oligomenorrhea, cluster in female
relatives.

* Hyperandrogenemia identifies female
relatives with insulin resistance/metabolic
syndrome.

* Males show some phenotypic similarity:
hyperandrogenemialinsulin resistance,
but not as pronounced as females.

Legro
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Limitations: Familial Studies of
PCOS

Lack of prospective design
Small sample size
Phenotype unknown except in
reproductive-age women
$Cha nges with age.-'rmrmnnes} pregnancy
All first-degree relatives not examined
# Phenotypic heterogeneity apparent

when more relatives and families
examined

Evidence That a Disease Is
Genetic

e Familial clustering
#|ncreased risk in relatives compared to the
larger population
#Risk increases with closer relationship
¢ Heritable
# Traits are passed on to offspring
* Gene/DNA seguence
# Associated with/causes the disease

Complex Genetic Diseases

vps 2 ® Positional cloning of a
S highly penefrant
¥ mendelian disorder is
%= .. now straightforward.
e 4 ldentifying a
susceptibility gene for a
Schezephrania  non-mendelian disorder
Alzhaimar's can be vexing.

Francis Collins

ml. UJJ-
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Monogenic (A) vs. Complex (B)

Disease Genetics

Mamy genes with modas! aects in complex diseasel

Manalio & al, JCI 2008

Modes of Genetic Analysis

» Association studies

# Caselcontrol: frequency of

allele in an affected and
cantrol population linkage
analysis

s Linkage studies

& Family: determination of
linkage” bebween a

polymorphic DNA marker and
disease

» Hybrid forms
& Transmission disequilibrium

test (TOT) =R wehd

D195884 Region
Linkage Disequilibrium ~50 kb

*FBN3-Fibrllin 3 (FBN1=Marfan's syndrome, ma

conslifuent of extracellular microfibrils, conirals TGFB
activationin thelung, FEN2=congenital contractural

arachnodaclyly)
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Affected Sibling Pairs

(Total samplen, =124)

T
£ = €
E ¢

Transmission Disequilibrium Test
(Total sample n=~300 families)

Square

i
L
el

TADZEST

m C ¥
5 m

..1
,

o
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I

A

op N

popac IS

ucpzs N

MADHs T

E
o
[

CYPAT1a N -

iGFEP1+2 A

Type 2 Diabetes Resulls: 386,731 markers
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Which Reported Gene Is

Truly a Gene?

Thirtywsrven candidate gemes for polyeystic ovary symdromes

Strongest evidence for linksge is with folllstatin

Allelic Variants of the Follistatin Gene in Polyoystic

Ovary Syndrome*

A Not Uncommon Event

Linkage and sssociation of insulin gene VATR regulatory

polymorphism with polycystic avary syndrome

Annlysis of Multiple Data Sets Reveals No Association

between the Insulin Gene Variahle Numbor Tandem
Hepeat Eloment nnd Polyeystic Ovary Syndrome or

Helated Traits

TDT results for D19S884 Allele 8:

Three Consecutive Independent

Samples

Number

| ol
families T* T*

Al ICEM
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Limited Replication

Marker Localion P valug

oan
0,092
0.150
0,116
0.785
0475
0.750
0.00&™"
0561
0178

Tweed et al. J Clin Endocrinol Medab 8644545 2001

Evidence for Insulin Resistance
A8+ PCOS
Independent of BMI

A8 Effect in PCOS Similar to
PPARY Pro/Pro in Type 2 Diabetes

Insulin
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Summary: PCOS Susceptibility
Gene

¢ Evidence for linkage and association with
an allele of a marker (A8) on chromosome
19p13.2 in the region of the fibrillin 3 gene

» AB associated with a metabolic phenotype
in PCOS

e Overall, however, there have been few
breakthroughs in understanding the
genetics of PCOS.

To Identify PCOS Genes,
We Want...

¢ Genome-wide
association study
(GWAS)
¥ arge sample size
# Full genome scan

# Multi-stage design
with replication built in

Ten Basic Questions to Ask About a
Genome-wide Association Study Report

Legro
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“The genome wide approach
can also be problematic
because the massive number
of statistical tests performed
presents an unprecedented

potential for false-positive
results."

Results of
Recent
GWAS

for

Complex
Disease

Manoso &t al
JCI 2008

Are Variants Associated with
Type 2 DM also Associated
with PCOS?
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Genes Contributing to Type 2 DM

Year Gene Disease mechanism
200 e j b

Riddersirala, Mol Call Endo, 2009

PCOS and TCF7L2

* Of the recently identified T2D
susceptibility loci, TCF7L2 confers
the greatest relative risk for T2D
and significantly predicts
conversion to T2D in persons with
impaired glucose tolerance.
TCF7L2 is, therefore, also a strong
candidate gene for polycystic ovary
syndrome (PCOS)

Btyasheva et al, JCEM, 2009

Mapping the Relationships
among SNPs

Legro
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e TCF7L2
o Association
e Study in

PCOS

%WJMWWM\E
b b o5

Bryashava of ol. JCEM
2003

Conclusions

e We have observed evidence of
association with two independent
TCF7L2 loci in a PCOS cohort,
including a novel locus. This study
suggests that variation in different
regions of a susceptibility gene
contributes to distinct phenotypes.

Bhymsheva et al. JCEM, 2009

Promise of Genome-wide
Association Studies

Discovery of candidate genes
Explore pathophysiology/ireatment
Etiology
Gene-env ironment interactions
Pharmaceutical largels
Establish utility of genetic markers for risk
prediction
For individual or public health decisions

* Forresponse to medicationfadverse effects
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Are There Genes that Predict

Response to Therapy or

Long- term Outcomes?

Distribution of Genoty pe
Score and Cumulatve

Incidence of Type 2

Diabetes According o

rsstinge of kgt

Genolype Score among
Participants in the

Framingham Offspring,

" :-'~l|.n.i1.

A genotype score based on
18 risk alleles predicted

naw casas of diabetes n
tha community, but
provided only a slightly

[ omctiatinm b rnt 0} Tt

i battar prediction of risk
than knowledge of commaon

risk Tactors along

L vy b

Incidence of Diabetes According to Treatment
Group and Genotype at TCF7L2 Variant

rs7903146
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1:,:; Primary PPCOS* Genetic Substudy
Lo Hypotheses-Ovulation Predictors

# The primary hypothesis is that
polymorphisms of the estrogen receptor
alpha (and CYP 450 enzymes and a
microsatellite marker D195884) will be
associated with ovulatory response to
clomiphene citrate in PPCOS.

¢ Polymorphisms of a liver kinase (LKBE1)
will be associated with ovulatory response
to metformin

Pragnancy in Palycysiic Ovary Syndromao Legro et al, JCEM 200

Genes and Markers

MARKER ID ALLELES (MAF") DESCRIPTION
O (T: 0.22) Intron
CHE (C: 0.5) Intron

ST (T 0.44) Intron: WS-401Pwull (14)
CIT (C: 0.18)
CT(ma1d

CYP2DE 7 CT(T: 0.18)

FBN3 D185EE4 ABMK™ (AB-0.18)  Intron (12)

* Minor allele frequency (MAF) derived from genolype data reporied In this study

Legro et al, JCEM 2008

Proportion of Ovulated Cycles for Patients in
the Metformin Group by LKB1 Genotype

e

Prope i £ e i

Legro et al, JCEM, 2008
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Summary - Genes and PCOS

e There are no genes to date that

accurately predict the diagnosis or
prognosis of women with PCOS.

* There are no genes that identify

response to therapy in ovulation

induction in women with PCOS.

Nature or Nurture?

s MNature ¢ MNurture

#Complex genetic #Obesity
disease #Birth environment

#Familial clustering #Medications

#Disease alleles - Valproate
identified #Enviranmental

disrupters??7?

? Epigenetics of PCOS

Puternad X [
watornsl %, B

Miagersad X,

Sister pairs with difaring patlarns
of X-chromosome inacthvalion ars

much more likely o heve divergent
phenotypes

OR 28.9 (4.0-285.0)
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Clinical and
Biochemical
Characteristics of
the Morbidly
Obese PCOS
Patients
Submitted to
Bariatric Surgery,
Before and After
Weight Loss

Murlura Time

Insuiin
> | —p Homeostasis
sensiive

Surplus

Favorable T

The Barker

millay

wsdotne . Hypothesis: Thrifty

Phenotype

DObesity

b
Murtura Imsulin Tima o

e rasistant — Hean disease
Surplus

Normal
Birthweight
for
Gestational
Age in PCOS
Families
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Little Association between
Birthweight and PCOS

Phenotype (N =1018)

There were no significant associations
between phenotype and birthweight in

males

Only a marginally significant inverse linear
association with ovarian volume in

PCOS probands(P = 0.03)

In first degree female relatives, there was
a U-shaped categorical association

between cligomenorrheal/bicavailable

testosterone and birthweight (P < 0.05)

Does Prenatal Androgenization

Influence the Development of

PCOS?

Spotted Hyena

+« Fetuses exposed in

= utero to elevated
- & levels of androgens

& Treduced hyena
placental aromatase

activity
= Females exhibit

male-like genitalia

and dominance
over males

(M

g 4+ 7 Endocrine/

muetabolic

abnormality similar
e PCOS

Birth through tip of
clitoris due to

virilization
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Elevated Androgens in PCOS
During Pregnancy

Freemartin:
Sterile
Female

Bornasa
Twin of a
Bull Calf

Prevalance of PCOS Is Not
Different in Women from
Opposite-Sex and Same-Sex
Twin Pairs

e Data from 1325 monozygotic
twins, 1191 dizygotic twins
(711 women from same-sex
twin pairs and 480 women
from opposite-sex twin pairs),
745 sisters of twins and 218
spouses of male twins were
evaluated.

Kuljper e al, JCEM 2009
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Epilepsy and PCOS

» Women with epilepsy often display stigmata of
PCOS

* Epilepsy and PCOS may be caused by a
commeon factor, such as a dysfunction in
neuretransmission or a genetic vulnerability

* Certain drugs appear to exacerbate PCOS
stigmata suggesting an environmental modifier

#\aiproate

Valproate Stimulates Thecal Cell
Androgen Biosynthesis

£
i
£l

Correlation Between Anti-epiliptic
Drugs and Menstrual Disturbances

— p L e P B =)

coooooood

AEDs = Anbepileptc drugs

Legro
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Improved Reproductive/Metabolic
Abnormalities After Switch from Valproate lo
Lamotrigine

i

VFA LTG LTG LTG Condrol VPA LTG LTG LTG Condrol
2mo Gmo 12mo 2mo Emo 12mao

(T

=

Sarum Insulin, mUL

& o @

Serum Testosterons, nghdl

o M

Median BMI Among Valproate
Users With and Without PCOS

OoPCOs
EHNo PCOS

Joffe of al
Biol Pscyh

= L 2008
A —

‘PCOS No PCOS

Summary - Nurture

o Obesity exacerbates and may bring
out PCOS in vulnerable individuals.

» The effects of the birth environment on
later PCOS are tantalizing but still
murky.

* Drugs (or environmental disruptors!)
associated with weight gain may also
bring out PCOS.
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CHILDHOOD AND ADOLESCENT MANIFESTATIONS OF PCOS—HOW EARLY
AND HOW EFFECTIVELY CAN IT BE TREATED?

Kathleen Hoeger, M.D.
Associate Professor of Obstetrics and Gynecology
University of Rochester Medical Center
Rochester, New York

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

PP

Identify the peripubertal manifestations of polycystic ovary syndrome (PCOS).
Diagnose PCOS in patients prior to age 18.

Screen adolescents appropriately for coexisting morbidity.

Initiate appropriate therapy for control of hirsutism and endometrial hyperplasia.
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Childhood and Adolescent
Manifestations of Polycystic
Ovary Syndrome (PCOS)—How
Early and How Effectively Can It
Be Treated?

Kathleen Hoeger, M.D.

Associate Professor of Obstetrics and
Gynecology

University of Rochester Medical Center

Learning Objectives

At the conclusion of this presentation,
participants should be able to:

Identify the peripubertal manifestations of
polycystic ovary syndrome (PCOS).

Diagnose PCOS in patients prior to age 18.

Screen adolescents appropriately for
coexisting morbidity.

Initiate appropriate therapy for control of
hirsutism and endometrial hyperplasia.

Disclosure

No commercial or financial relationships to
disclose

Discussion of non-FDA-approved
indications for use of some agents
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Presentation of PCOS

+ PCOS typically presents in adolescence

around the time of menarche.

* Presentation can be heterogeneous, but

classically involves irregular menses.

+ Elevated serum androgens are a hallmark

of the syndrome.

Franks, Int J Obesity 2008

Menstrual Irregularity

+ This is the primary diagnostic criterion in adolescence.

+ Adolescents presenting with primary amenorrhea—
lack of menstruation by age 16 or two years after

thelarche—or secondary amenorrhea, should be
evaluated with PCOS in the differential diagnosis.

+ Oligomenorrhea, however, is frequent in the first year

or two after menarche.

+ However, in a prospective study of menstrual cycles in

European adolescents, 75% of those with irregular
cycles at age 15 continued to demonstrate irregular

cycles at age 18.

Van Hooff et al Hum Reprod 2004

Hyperandrogenism

+ Most challenging assessment in the adolescent

+ Ferriman-Gallwey score of >/=8 is considered

diagnostic of hirsutism in adults.

» Acne alone not helpful in the diagnosis.

+ Serum androgen/free hormone is most helpful, but
typical clinical assay is unreliable

+ Calculated free androgen index is preferable using
sex hormone-binding globulin (SHBG)

(immunoassay) and total testosterone

+ Free androgen index (FAI) =
Total T(ng/dL)/SHBG(nmol/L) x 3.47

49




Hoeger

Ovarian Findings in Adolescence

« Ovarian ultrasound typically done via a
transabdominal approach in the adolescent—
less specific findings on morphology

+ Criteria developed for transvaginal approach

+ Definition =11 follicles 2-9 mm in diameter or
increased ovarian volume (>10 cm?®)

Balen et al Hum Reprod Update, 2003

Adolescents With and Without PCOS

+ Body mass index (BMI)-matched adolescents with
(n=39) and without (n=28) a clinical diagnosis of
PCOS based on clinical hyperandrogenism and
menstrual irregularities

+ Mean age of 15; BMI 34-35 kg/m?2
+ Transabdominal ultrasound (US)
« Ovarian volume (cm?) 7.76 vs. 4.93

+ Accurate follicle counts could not be performed
Rossi, et al JCEM 2008
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PCOS Prevalence in Adolescence

+ Population sample of white European normal-
weight adolescents with a mean age of 15.3
years: 18% experienced menstrual irregularity,
with 5.5% demonstrating significant cligo-
amenorrhea.

* Inthe group with oligo-amenorrhea, the majority
had androgen profiles consistent with PCOS.

Van Hooff et al. Hum Reprod 1999.

Differential Diagnosis

* Non-classic congenital adrenal
hyperplasia (NCAH)(21-OH deficiency)

» Androgen-secreting tumor

+ Cushing’'s syndrome

Non-classic Adrenal Hyperplasia—
21-OH Deficiency

+ NCAH is found in 1-6% of patients presenting for
hyperandrogenism evaluation.

+ Virilization is uncommon, and regular menstrual
cycles are seen in approximately 50%.

« Obtain follicular phase anti-mullerian (AM) hormone
level of 17-hydroxyprogesterone.

+ Values <2 ng/mL have been associated with a low
false-negative rate.

+ Follow-up with adrenocorticotropic hormone (ACTH)
stimulation test if unclear
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Endocrine Evaluation

Serum testosterone
SHBG-calculation of FAI
Dehydroepiandrosterone (DHEAS)
AM 17-hydroxyprogesterone

Thyroid stimulating hormone (TSH)/Prolactin to
rule out other causes of oligomenorrhea
Possibly follicle-stimulating hormone
(FSH)/luteinizing hormone (LH) - not part of the
definition and is not diagnostic, particularly in
obese girls

Development of PCOS and
Childhood Precursors

+ Presentation of PCOS in adolescence

suggests that there is an underlying
predisposition to ovarian and metabolic
abnormalities before the onset of puberty.

Clinical manifestations of androgen excess
have been reported in pre-pubertal girls.

Rosenfield, JCEM 2007

Obesity and Androgens in the
Pubertal Transition

Obese adolescents in early pubertal transition
demonstrate increased testosterone that is
directly correlated with BMI.

In Tanner stages 1-3, obese girls demonstrated
2.9 times higher total testosterone levels and
50% lower SHBG levels

McCartney, et al JCEM 2006
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Obesity in Tanner Stages 1-3 Non-
Hirsute Adolescents and
Androgens

Free T

McCartney, & ol JCEM 2006

Development of PCOS and
Childhood Precursors

+ Expression of PCOS occurs during the
maturation of the hypothalamic-puitary-
ovarian axis that occurs during puberty.

* Increased LH secretion occurs during
puberty, and this may be exaggerated in
girls predisposed to PCOS, amplifying
ovarian androgen production.

LH Frequency, Androgens and
Obesity by Tanner Stage

B Ot 1-2

LH putsal1z hour Froe T{pgimL)

McCartnay, o al JCEM 2009

B Hon-obese 3-5

o lu-nh—i-i:
OObese35 |
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Hyperinsulinism and Androgens

+ Hyperinsulinemia suppresses SHBG production
by the liver.

+ Total testosterone is also correlated with BMI.

* Insulin demonstrates a direct effect on the theca
cell androgen production.

Androgens and Insulin Sensitivity in
Adolescent Women with PCOS

Hyperandrogenism in the
Development of PCOS in Adolescence

a

T LH
=T=hod = _»| relense

D ——s  TESTOSTERONE
! i :
i\ Iti? s Lilin
Genetic factors influsncing TRStANCE

sleroidogenesls ¥

f

i
Ervvitanmental . "l |
factorsiobosity/ 'H& 4
it

54




Hoeger

Premature Adrenarche

» Linked to higher insulin levels in puberty
Vuguin et al JCEM 1999
« Acanthosis nigricans
» Reducedinsulin sensitivity
Oppenheimer et al JCEM 1995

« This may predispose to PCOS, but
longitudinal prospective trials are not
reported.

Premature Adrenarche:
Precursor to PCOS?

+ |solated premature adrenarche, the development of
pubic hair before age 8 but not associated with
accelerated bone maturation or breast development,

may be associated with adolescent diagnosis of PCOS.

+ |banez et al. described a series of adolescent girls with
a history of premature adrenarche.

+ 45% had diagnosis of PCOS with oligomenorrhea and
ovarian hyperandrogenism with a relationship to low
birth weight in those who developed PCOS

Ibanez et al Hum Reprod 2007

Glucose Tolerance in Adolescent
Women with PCOS
+ Palmert et al. studied 27 obese

adolescents (aged 13-19) with PCOS with
a mean BMI of 38.4 kg/mZ.

+ Oral glucose tolerance test was performed.

+ 8 had impaired glucose tolerance and 1
had diabetes (33%).

Palmert, et al JCEM 2002
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Obesity in Adolescents with PCOS

+ 43 obese adolescents Control |PCOS
with PCOS were (31) (43)
comparedto 31 age-

and weight-matched
control adolescents
with regular menses
and no hirsutism.

Age 14.8 15.6
(years)

BMI  [34.4 [36.6
(kg/m?)

Rossi et al JCEM 2008

Abnormal Glucose Tolerance in
Adolescents with PCOS

cu8TBNBHBAE

% abnormal glucose

Rossi ol ol JCEM 2008

Glucose Tolerance in Adolescent
Women with PCOS

+ Disturbances of glucose metabolism are
seen at an early age in PCOS.

+ Adolescents with PCOS should be screened
for type 2 diabetes mellitus (DM), preferably
with a 2-hour glucose tolerance test.

+ Obesity is a significant modifier of glucose
tolerance in adolescence.
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Obesity in Children and Adolescents
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Obesity and PCOS

* Ina U.S. prevalence study of PCOS in an
unselected population defined by
hyperandrogenic criteria:

— 45% of subjects had a BM| 25
— 36% were obese (BMI >30)

Azziz, et al JCEM 2004
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Obesity and PCOS

+ There are no data available on the
prevalence of obesity in adolescents with
PCOS.

+ |tis reasonable to assume that both the
national trends and the adult PCOS
associations with obesity will be present in
adolescentwomen with PCOS.

Obesity and PCOS in Adolescents

+ Silfen et al. compared 11 normalweight and 22 obese
adolescents with PCOS.

+ Overall, obese adolescents demonstrated higher insulin
levels and greater insulin resistance.

+ Low density lipoprotein (LDL) cholesterol was higher and
higlh density lipoprotein (HDL) cholesterol lower in obese
girls.

+ Sex hormone-binding globulin (SHBG) was lower in
obese girls, but total testosterone was similar. Free
testosterone was slightly higher but did not reach
statistical significance.

+ Although clinical parameters were not compared, it
appears, as in adults, obesity worsens the parameters of
PCOS in adolescence.

Silfen, et al JCEM 2003

Quality of Life (QOL)

+ 97 PCOS adolescents were compared with
186 adolescents attending an adolescent
medicine practice.

+ BMI was significantly greater in PCOS (31.7
vs 23.9).

« Patients with PCOS scored >7 points lower
on the general health perceptions subscale
and 4 points lower on the physical function
scale.

« Severity of disease as measured by the
clinician did not correlate with QOL
perception.

Trent 2002
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Quiality of Life and BMI

+ The impact of BMI was reviewed in this
cross-sectional study.

+ Mean BMI of PCOS was 31.7, compared with

23.51in the controls

+ BMI was associated with PCOS status and

score on the health-related quality of life
(HRQL)

» When BMI was added to the multivariate
linear regression models, coefficients
became insignificant.

Trent 2005

PCOS and Adolescence

+ Many questions remain regarding the
management of PCOS in adolescence.

+ Are there benefits to intervening in
adolescence?

+ What are the best interventions for this age

group?

+ What about the impact of obesity on
management?

Management of PCOS in
Adolescents

+ Management of PCOS in younger women

should have 3 main objectives:

+ Control of menstrual function
» Control of androgen-excess symptoms
» Prevention of long-term metabolic risk
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Use of Oral Contraceptives
(OCs)

+ Oral contraceptives are effective in regulating
menses and may reduce androgenic concerns.

+ There are few placebo-controlled trials in
adolescentwomen, but several randomized
trials comparing 2 different regimens suggest
potential worsening of lipid profile and insulin
resistance in PCOS adolescent populations.

Comparison of type of OC

+ Mastorakas, et al. compared desogestrel/ethinyl
estradiol with cyproterone acetate (CA)/ethiny!
estradiol for 12 months.

« 36 adolescent women with PCOS and a mean
age of 17 years

« Mean BMI of 25.6

+ Ferriman-Gallwey score of 16-17

Mastorakis, et al Fertil Steril 2006

OC Use in Adolescents with PCOS

+ Homeostasis model assessment (HOMA)-
measured insulin resistance worsened in
both groups after 12 months.

+ CA-treated women had worsening of the
area under the curve (AUC) insulin,
compared to those treated with desogestrel.

« Neither changed glucose parameters or
other clinical metabolic parameters.
Mastorakis, et al Fertil Steril 2006
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Triglyceride Changes with OCs
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Lifestyle Modification in

Adolescents with PCOS

+ The rising prevalence of obesity in adolescent women
makes the role of lifestyle (LS) modification with weight

reduction important for the management of PCOS.

+ Lifestyle modification is challenging in the adolescent

and there are no large scale trials of LS treatment-only in

adolescents with PCOS.

+ Androgens have been shown to decrease with weight

loss in obese children (Reinehr, et al JCEM 2005) and
adolescents (Wabitsch et al JCEM 1995).

Lifestyle Modification Trials

* In a small, multiple-arm pilot trial in obese

adolescent women with PCOS, lifestyle

modification reduced free testosterone,

primarily through reduction in SHBG.

+ 8/11 subjects continued the 6-month
lifestyle program, with 50% demonstrating

weight reduction.

Hoeger et al JCEM 2008
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Lifestyle Modification in PCOS

SHBG changes with weight reduction in subjects enrolled in lifestyle modification

50- p=0.05
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Hoeger et al JCEM 2008

Management of Insulin
Resistance in PCOS

« There is currently much interest in the use of
insulin sensitizers in women with PCOS.

« Many unanswered questions remain with
regard to their use, however.

— |s there an “insulin-resistance cutoff” for
effective use?

— Should they be used in adolescent women
with PCOS?

—Whatindications are best for use?

Metformin and PCQOS

CH N N,
N i
v

CH,

» Thereis now a large body of evidence on the
use of metformin in the treatment of PCOS in
obese women, although is not FDA-approved
for this indication.

* Its mechanism of action is still not clearly
understood, despite its intreduction in 1957.

« Itinhibits hepatic glucose production and
significantly lowers insulin levels.
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Metformin and PCOS

Side effects and toxicity:

+ Gl side effects occur in about 30% of patients
+ Reduces B12 absorption

+ Lactic acidosis (5/100,000 treated patients)

— Associated with decreased renal function

— Exclusion criteria
+ Liver disease
+ Heart or respiratory failure
+ Alcohol abuse
» Renal failure
+ Elevated serum creatinine

Studies of Metformin in Adolescents
with PCOS

+ Randomizedtrial of 22 adolescentwomen

+ No change in weight was noted with
metformin 1500 mg/day over 12 weeks

+ Mean agze was 16 years and mean BM| was
32 kg/m

+ Menses restored in 10/11 adolescents on
metformin compared with 4/11 on placebo

Bridger et al Arch Pediatr Adolesc Med 2006

Androgens and HDL Cholesterol

EL = baseling
MET = metformin
FL = placebo

Bridger Arch Padialr Adolesc Med 2006
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Metformin Treatment in Adolescents with

PCOS

+ What about oral contraceptive pills (OCPs)
compared with metformin?

+ Allenetal. compared oral contraceptive
therapy to metforminin 35 obese adolescent
womenfor 6 months.

« Boththe metformin group and the OCP
group showed similar decreases in BMI (1
kg/m2) and hirsutism score over 6 months,
and had improved menstrual rates.

Allen, et al J Pediatr Endocrinol Metab2005

Impact of OCP or Metformin in
Adolescents with PCOS

n=1% n=16 28
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Allen, ot al J Pediatr Endocrinol Metab2005
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Metformin, Lifestyle Modification or

OC treatment in PCOS

+ Pilot trial of 43 obese adolescents with

PCOS randomized to metformin, placebo,

lifestyle modification or oral contraceptive

for 6 months

Hoeger, et al JCEM 2008

Weight Changes by Group
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Lipid Changes
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Combination Therapy in Adolescents with

PCOS

» Several studies have been published
comparing oral contraceptives alone, or
in combination with or in comparison to
metformin and/or antiandrogens.

+ |banez et al. studied oral contraceptive
(ethinylestradiol-drosperinone) and
flutamide with or without metformin for
3 months in 31 lean adolescents with

PCOS.

OCP + Flutamide With or Without
Metformin

Ibanez ef ol JCEM 2005

-MET
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Management of PCOS in Adolescence

What is the best treatment for PCOS in
adolescence complicated by obesity?

What is the impact of the OCP on PCOS
in adolescence complicated by obesity?

Combination Therapy for Obese
Adolescents

+ Trial of 36 obese adolescents treated with
oral contraceptive (ethinyl estradiol +
drosperinone) with metformin or placebo

+ All received lifestyle modification program

Hoeger et al JCEM 2008

Reduction in Weight over
24 \Weeks

e
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Hoeger &t al JCEM 2008
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Reduction in Waist
Circumference
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Free Androgen Index (FAIl) and
Ferriman-Gallwey (FG) Scores
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Conclusions

« PCOS is a relatively common disorder of
adolescence.

» Hyperandrogenism and obesity in childhood
predispose to the development of PCOS.

+ Diagnosis is possible in adolescence with a
high index of suspicion for menstrual
irregularities persisting pastage 15 or more
than one year post menarche.
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Conclusions

+ Adolescents with PCOS, particularly if
accompanied by obesity, have significantly

abnormal metabolic profiles, placing them at

high risk for adverse metabolic events.

+ Incidence of impaired glucose tolerance or

diabetesis > 20%.

+ Androgens and cardiovascular risk
parameters correlate with insulin sensitivity,

and adolescentwomen with PCOS are
insulin resistant.

Conclusions

+ Menstrual abnormalities and androgen excess are

successfully treated by oral contraceptive therapy;

however, metabolic impact is unclear, particularly in
obesity.

+ Role for adjunctive metformin is still evolving, with

further study needed.

+ Lifestyle modification is a mainstay of treatment in
obese adolescent women; however, there is

considerable difficulty with compliance and long-term
commitment.
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Legro & Hoeger

DEBATE: HAVE THE ROTTERDAM CRITERIA SIMPLIFIED THE DIAGNOSIS OF
POLYCYSTIC OVARY SYNDROME (PCOS)?

Pro: Richard Legro, M.D.
Con: Kathleen Hoeger, M.D., M.Sc.

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

1. Articulate the criteria used by both the National Institutes of Health (NIH) and the Rotterdam
criteria to define PCOS.

2. Differentiate the key features of each of these definitions that lead to possible under- or
over-diagnosis of the condition.

3. Develop a set of definitional criteria that are appropriate for the practitioner’s practice.
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Legro & Hoeger

Debate: Have the Rotterdam
Criteria Simplified the
Diagnosis of PCOS?

Pro: Richard Legro, M.D.
Con: Kathleen Hoeger, M.D.

Learning Objecth-'ES

At the conclusion of this presentation
participants should be able to

» Articulate the cniteria used by both the National
Institutes of Health (NIH) and the Rotterdam
criteria to define PCOS

» Differentiate the key features of each of these
definitions that lead to possible under- or over-
diagnosis of the condition

+ Develop a set of definitional criteria that are
appropnate for the practitioner's practice

Debate: The Rotlterdam Crileria
HAVE Simplified the Diagnosis
of PCOS

Richard S. Legro, M.D.

Department of Obstetrics and
Gynecology

Penn State College of Medicine
M.S. Hershey Medical Center
Hershey, PA
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What Is the PCOS
Phenotype?

Hyparandrogenism

Legro & Hoeger
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All Diagnostic Criteria for
PCOS Have a Common Theme:

It Is an Ovarian Disorder!

Diagnosis of PCOS (National
Institutes of Health/Eunice Kennedy Shriver
Mational Institule of Child Health and Human
Development (NICHD) Conference, 1990)

» Ovulatory dysfunction
» Clinical hyperandrogenism and/or
hyperandrogenemia

» Exclusion of other disorders:
®Non-classic adrenal hyperplasia
# Androgen-secreting tumors
#Hyperprolactinemia/thyroid disorder

Zawadiki & Dona¥, 1992

Diagnosis of PCOS

(The 2003 Fotterdam E M sponsored

PCOS consensus workshop)

e At least 2 of the following 3
features:
# Oligo- and/or anovulation

# Clinical and/or biochemical signs
of hyperandrogenism

# Polycystic ovaries
e Exclusion of other etiologies

The Rolterdam ESHREMASRM-Sponsomed PCOS consensis workihop
growp. Fertdl Sterll §1,19-25, 2004, & Hum Reprod 18:41-7, 2004
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The 2003 Rotterdam ESHRE/ASEM
Sponsored PCOS Consensus Workshop
Sonographic Criteria

Definition

#Fresence of 12 or more follicles in each ovary
measuring 2-9 mm in diameter, and/or
#|ncreased ovarian volume (> 10 mL)

Only one ovary fitting this definition is sufficient
to define PCO

Does not apply to women taking oral
contraceptive pills (OCPs)

If evidence of a dominant follicle (= 10 mm) or
a corpus luteum, scan should be repeated next
cycle

The Rofterdam ESHREMASREM-sponsomd PCOS consensus workihop
growp. Fertdl Sterll §1,19-25, 2004, & Hum Reprod 18:41-7, 2004

Androgen Excess Society
Diagnostic Recommendations

Azziz of al, JCEM, 7006

Potential phenotypes
Foatures DEFGHIJKLMNOP
Hyparandrogenamia
Hirsutism
Qligoancvulation
Polycystic ovanes
NIH 1890 critenn
Rottendam 2003 crteda
AES 2006 criteria

+, Presence; -, absance

Azziz ot nl, JCEM, 2006

Legro & Hoeger
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Prevalence of PCOS

Greek Tnlaud, Lesbos W Drmmanti, JCEM 99
17-45 years 6.8%

Cmcasian, reproductive age 5 NI Asuicion, JCEM 00
Biped donors, Spaan 3%

Preemployment physical, US W Azziz, JCEM 04
1845 yenrs (123 black, 166 white) B Knachenhmer, JCEM 98

WHC type I snovalntion HFaotterdmn  Brockusns . BIOG 06
5% more comimon

than NIH

Society 2006
(HA plus 1
out of

remaining 2)
genism (HA)

li"l'.;‘lr.‘ or

amenorrhea

= mandalory

Diagnostic Criteria for
PCOS

Jl allow for a clinical diagnosis with the same
eria
xclude the dia 1 on one
criterion (for example, | ystic ovaries alone)
® The prevalence of PCOS will vary according to
the criteria utilized
« None are sufficient without further clarification
for inical trial or clinical study - they define
only 8 minimum expectation '
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Debate: The Rotterdam Criteria
Have NOT Simplified the
Diagnosis of PCOS

Kathleen Hoeger, M.D.
University of Rochester Medical Center

Disclosure

Mo commercial or financial interests to
disclose

Two definitions of PCOS

* NIH consensus conference, 1980
#Hyperandrogenism or hyperandrogenemia
# Oligo-ovulation
#Exclusion of related disorders

* ESHRE/ASRM sponsored Rotterdam
consensus conference, 2003

#The presence of 2 out of 3 criteria
- Oligo- or anovulation

- Clinical or biochemical evidence of
hyperandrogenism

- Polyeysiic ovaries on ulirasound

Legro & Hoeger
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Simplicity in Medicine

¢ |t is immensely important that the
diagnosis be accurate.
# Medical perspective
& Research perspective
# Patient perspective
¢ Implications of a diagnosis and
long-term prognosis depend on a
straightforward definition of the
disease.

Added diagnostic criteria

¢ The Rotterdam consensus includes
those who would have been
classified as PCOS using the NIH
criteria.

# Adds expanded criteria and hence
new phenotypes defined as PCOS

Defining the syndrome

# The precise etiology of PCOS is
unknown.

* Since a common underlying
eticlogy cannot be stated for
PCOS, the syndrome can be
defined by its consequences or a
specific phenotype.
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Simplicity?

i
Entd | B

PCOS P]wm:-l\l,-'pm Possible with the
2003 Rotterdam Criteria

Periods Irregular  |Irreguiar  ERIIEHEN Irragular

Ovaries on P T olycystic palycystic
ultrasound

Androgen | high . high high narmal
concentration

Are the Long-term Consequences
the Same for All 4 Phenotypes?

* Known consequences of PCOS
that present morbidity to the patient
include:

* Infertility

# Menstrual dysfunction

#Type 2 diabetes mellitus (ODM) and
other metabolic disorders

# Hirsutism

Legro & Hoeger
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Based on Available Data

¢ Phenotype 3;

Irregular menses with
hyperandrogenism with or without
polycystic ovaries—increased risk
of:

v Infertility
v Type 2 DM
v Hirsutism

Based on Available Data

¢ Phenotype 3;

Regular menses with
hyperandrogenism with polycystic
ovaries—increased risk of:

7 Infertility
7 Type 2 DM
v Hirsutism

Based on Available Data

e Phenotype 4:

Irregular menses without
hyperandrogenism with polycystic
ovaries—increased risk of:

v Infertility
7 Type 2 DM
- Hirsutism
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Metabolic Consequences of
the Different Phenotypes

O Phenctypa 1562

B Phenotype 3

B Phenotype 4
ns | | Contral

Metabolic syndroms

ns = not stalistically 3 R e
significant Earbar el al Clin Endocrinol 66: 513, 2007

Metabolic Consequences of

the Different Phenotypes

| '@ Phenotype 182
@ Phenctype 3
EPhenotype 4

| ' mControl

TG = iriglycerides
Barber of al Clin Endocrinol B6; 513, 2007

Conclusion

e While the Rotterdam criteria add
information regarding ovarian
morphology, the physician is left
with a more confusing picture.

¢ Do the other phenotypes identified
have the same risk over the long
term?

e Literature must be interpreted in
light of the phenotype studied
rather than the diagnosis of PCOS.

Legro & Hoeger
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PREVENTING THE LONG-TERM SEQUELAE OF INSULIN RESISTANCE IN
POLYCYSTIC OVARY SYNDROME (PCOS)

Richard S. Legro, M.D.
Department of Obstetrics and Gynecology
Penn State College of Medicine
M.S. Hershey Medical Center
Hershey, Pennsylvania

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

Identify the components of the metabolic syndrome.
Discuss the benefits of metformin in treating PCOS.
Identify risks of thiazolidinediones.

List the approved medications for the treatment of obesity.
Assess the role of statins in the management of PCOS.

arwdPE
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Preventing the Long-Term
Sequelae of Insulin Resistance

in Polycystic Ovary Syndrome
(PCOS)

Richard 8. Legro, M.D . ! rr!r‘“ ¥
Professor, i e &

Department of

Obstetrics and
Gynecology

Penn State College

of Medlcine

Hershoy, PA

Learning Objectives

Attha conclusion of this pra lon, participants should be
able to

Ident 12 COmMPponemns O Tne meiabiiic synorome
dentify th s of th t | ynd

List approved med

Assess the role of stabi

Disclosures
Study Investigator-Solvay Pharmaceuticals
Consultant- Merck-Serono
» | abelled drug use. sibutramine, orlistat

o Off -label drug Use. metformin
rasiglitazone, piog zone, atorvastatin
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Metabolic Syndrome (MBS)
in Women

Risk Factor Abnormal Cutoff

1. Abdominal obesity
[waist circumfernence)

2. Trigly cerides 2 150 mgldL
3. High-density lipoprotein
chobesterol (HDL-C)

4. Blood pressura = 1307 85
5, Fasting glucose 100-126 mg/dL

>BBcm (> 35in)

< 50 mgidL

Ford af al JAMA 2002

Prevalence of Individual Components
of the MBS in PCOS

Prevalence %

20
10 .
[ jy — R Ry m— ! I -
Waist FL I'res HTN Glucose
HIL = high de poprolans =110
TTG = bodwl tri ﬂ?j',“";ll

HTH = hyperiension i
Enrmann &t al, JCEM, 2008

Syndrome XX- Female
Metabolic Syndrome-PCOS

» Centripetal obesity
e Hyperglycemia
Dt = diabeles melitus
L] H'prrtEnSlﬂn CVD = cardipvascular disense
# Dyslipidemia

+ Anovulation

g s o g 0 AN et

|
1

Legro
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The Doctor’s Dilemma in PCOS

| |

OHES = ovarian hyparsiimutation

Thue brypet hoewized valuwtiee s
E LH = kilginizing harmona
it

RS Legra, 2000

One Syndrome ~ymptam sl
l "
One Treatment  ~<gaks
l .
(Lifestyle) ~ladlinlemedicaliiu
Metformin

T Rt 1o 11, %l . PO 180, 300

DEBATE—continued

Should patients with palycystic ovarian syndrome be treated with metformin?
An enthisisalic endorsemenl

ok ENestber

[ LAwTaw R
[ wchar il as vod
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Anovulation

rd
Infertility

Metformin - Favorable
Pharmacology

¢ Circulates unbound
¢ Excreted unchanged from the kidney
¢ Half-life of 1.3-4.5 hours

¢ Does not induce hypoglycemia, no
counter-regulatory responses with no
effect on glucagons, cortisol, growth
hormone, or somatostatin.

Metformin: Adverse Effects

+ Contraindications
#renal impairment, hepatic disease, chronic
obstructive pulmonary disease (COPD), cardiac
fallure, past history of lactlc acldosis,
hypersensitivity
+ Side effects
tup to 20% with nausea, diarrhea, abdominal
discomfort and anorexia
+ Pregnancy category B

¢ Extended-release XR version with more
favorable side-effect profile

Legro
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Clomiphene  Metformin
(CL) (Met)
{N = 209) (N = 208)

Pregnancy in 48209 135908

PCOS Mg (23.0%) (64.9%)
(PPCOS): 82/209 128/208

J":"l.'q.i verse

(39.2%) (B1.5%)
. N s 28/209 62/208
Events on v (13.4%) (29.8%)
Study ec 17/209 27/208
Medication : ) (12.0%)
Anovulatory 6209 18208

Pre-pregnancy
pregnancy bleeding {2.9%) (8.7%)

MNEJW, 2007

Fastng Plasma Glecoss

Dose Ranging

§=1k I
- L Metformin Study
14 i in Type 2 DM

oty ettt 451 patients - 14 weeks

multicenter trial

Figa: 20 B Bt dosec 20 ey

Mean Weight Change in Diabetes
Prevention Program

Plarabe

I .
el il il

_-.._.___..___,_.-0—..__.___. Betformin

LEteutyle

—_—

The DPF Resesrch Group, NEJM 2002
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Effect on BMI and Waist
Circumference in PPCOS
O =
.21
.41
A6
<8
-1
1.2

-1.41

_il':. et

BMI (kg/m2) Waisl Circumference
CC EMet EComb CC B Met mComlb

= Significant compared to baseline Legra e ad, NEJW, 2007

% Increase in Menstrual
Frequency on Metformin in PCOS

Magheti el &l JCEM, 2000

No Consistent Effect of
Metformin on Circulating Lipids
and Blood Pressure

=Lord et al., 2003, Costello ek al., 2007

Cochrane Systematic Reviews

However, in other populations
metformin is associated with clear
benefit in preventing major morbidity
and mortality.

Legro
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Incidence of Diabetes
—— Placebo (n=1087)
= Metiormin (ne1073, p<0.001 vs. placeba)
Lifestyle (n=1070, p=<0.001 vs. melormmin ,
P<0.001 vs. FI|IE-I!hD;-

Risk reduction
¥ metfarmin

1 ¥
Years from randomizaton

Fnowisr ot ml, WEJR 206 393800, 2002

UKPDS: Diabetes-Related Deaths
in Metformin Study

35%-
. Conventional (n=411)

30%

.|
E
L 4
b
£
T
%
L]
E
i
\
a
B
L]
=
8
a
]
a

Geoap. Lencel 1998

Metfm_‘min and PCOS

FD.A.

No approved indication to treat PCOS, anovulation,
or hirsutism in the U.5.
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Drug Treatments for Type 2 Diabetes

Eaulin resistance

Thiarslidinedianed |d-chivo-
inasiral)

P A"

1 coll dyafisncison tneTeaned hepatic glucone
+ production
GLPF-1 analaguin 4
[exmnatide], DFP 1
imhsibdar - M ekl osrmin

Glucosr absarphon- acarbose

Ovulation with D-chiro-inositol in
PCOS

= INS-1

B Macebo

%% Ovulation

Nestler ol al, NETAM, 1999

L, kg WASTINGY iws Rutasess - 10-Bap 2000

Iravred incosninees barerad Deweloprmeent oF N5 1 1es (Haberes pod Podergssis Thary Sy

PCOS

95




Legro

Thiazolidine-
diones (TZD)
Better than
Lifestyle and
Metformin in

Cuirilative Incldenca (%)

Preventing
Diabetes

Knowier af al. Diabetas. 2005

Incidance
(Eanend 103 persay)

15 ¢ <C=PLAC e

1] (i1 1.0 1.5
(343 11,588 (rany (23T}

Yaars [n}

Incidence Rate of Ovulation with
Troglitazone

Huriset af (ohanrradh chadl] ovulations sveraged for each irastment groug

A uated Mesn Rale

FRO T 160

FBEO = placsbe; T = troglitazons

Téo
Arrir et al, JCEM, 2081

Changes in Body Weight at Week 44
with TGZ in PCOS

TOZ 160

TOZ 600

Arrir ¢ oi, JCEM, 2001
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Changes from Baseline in Women
with PCOS on Pioglitazone vs.
Placebo (N = 28)  imeoves o sction

- BrARdISQaram
Mlacebo | Fioglitazone (45mg'd) with TZ2D

* I' < D.05
VE
baseline

Weight (kgh Waisi Y Weight Loss
circumference

{cm) Arods &l al, JCEM, 2000

No Effect of Troglilazone on Serum Lipids
in PCOS

BTG 0

W TGE 600
|

—, _|= All NS
al HIN L3l ¥

Legro of al, JCEM 2003

Thiazolidinediones in PCOS
* Troglitazone-
* Class Effect
#Category (

ems about #\\aight gain

sed risk o #|ncreased adiposity
rdial infa

tian (ADA)
mmends against its

# Pioglitazone

Legro
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Incretins: The Next Frontier of
Treatment of PCOS??

rotad by L calls g
vl ||||| i ¥ N

~Cxlpling {Jarnia) @
OFF.4 ranmry g sk DFFA
decuaas e

Comparison of Single and Combined Treatment with
Exenatide and Metformin on Menstrual Cyclicity in
Cverweight Women with Polycystic Ovary Syndrome

Vs [t Oy Wi, Mufs Burer, Coms e sl b

s S it L ] | Rt S i et Nt o . B
[ ——

Juby 2008 JCEM

Menstrual Frequency at
Baseline and after 24 Weeks

-Pn-st- I:'c':l:r'-t-r"

L]
=

| rosrm iz 8o 12 por 52 wesks)

Elkind-Hrwoh, K. of 5l J Clin Endocnnal Metab 2008 9326702578
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Change in Body Weight and
Waist During Treatment

Ebdaminal Girth [zm]

Efing Hirsch, K. st 5l J On Endecring Metal 200850 2870-26T8

Side Effects: Exenatide

e Common
sed, vomiting, heanburn, diarrnea

#Local injection effects
& Serious
# Pancreatitis
# Systemicallergic reactions

TZDs, d-chiro Inositol,
Exenatide and PCOS

No approved indication to treat PCOS, anovulation,
or hirsutism in the U.S.

Legro
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Should We Target Aspects of the
Metabolic Syndrome Other than
Hyperglycemia?

i.e., centripetal obesity,
dyslipidemia

Weight Changes among Subjects in the Swedish

gl e [
.
£
&

ey o e

o L =

Sjewirem, L o sl N Engl J Med 2004

Pharmacologic Treatment of
Obesity

* Sibutramine

# Short term

# Potential adverse CVD rigk profile
e Orlistat

ar compliance with diet
* Rimonabant
# Mot approved by the U.S. Food and Drug Administration (FDA)

#Concerns about effects on mood (depression and suicide)
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Mechanisms of Action of Sibutramine

LT gtk [ e
- T ] rinsptaks i s
T ry tsbarr

Yanovskl 5. Z. el al. N Engl J Med 2002

Side Effects and Interactions:
Sibutramine

o 15 mg/day
e Tachycardia, hypertension, seizures
e Headache, dry mouth, insomnia

o Avoid with coronary artery disease (CAD),
arrhythmia, hypertension

» Interactions: check for individual drugs

Combinalion Therapy
(Lifestyle/Medication/Behavior) Achieves Besl
Weighl Loss

Legro
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Pooled Analysis of 8- to 12-Week Trials of Sibulramine
Hydrochloride, 10 to 15 mg/day

Yarovskl, 5 I ef al. N Engl J Med 3002

Differences in Mean Weight Loss
between Orlistat and Control Groups at
2 Months

e Meta-analysis of 22 studies
e Mean weight loss: 2.9 kg
® 95% C| (-3.7to -2.3)

Li#1 af, Ann Intamn Mad, 2005

In PCOS, 5.6 kg weight loss at 24
weeks

Parici 8t ml, Farll Slerd, 2008
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Side Effect and Interactions:
Orlistat

# 120 mg three times a day with meals
{non-prescription Abilify 60 mg now
available in the U.S.)

e Gastrointestinal; Steatorrhea, flatulence,
cramps

#* Avoid with fatty meals
# Drug interaction: warfarin
# Decreased vitamin K absorption
» VVitamin supplement recommended

Orlistat Is as Beneficial as Metformin in the
Treatment of Polycystic Ovarian Syndrome

i
3
¥
]
!
-]

X

Jryugupsd ¥

Available Over-the-Counter as
Alli (60 mg)

Legro
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Effects of Cannabinoid CB, receptor
Antagonism (Rimonabant)

Central nervous system Peripheral lissue

Liver Offrast
AS@IIEDIEUT [ T Pl
e WA,

Hypenaia [ %
[ ™

e o

U Appants Sratvines L pagenen
la watammne T I T T —

Change from Baseline in Body Weight
and Waist Circumference: RIO-Eu rope

hangs from Bazaiine (kg

[ =
L
M
5
=
[
-
L+
E
-
-
-
[+
|
-
o
_;.

Waight ¢

Wraks

Metformin vs Rimonabant in
PCOS (Open-Label Trial)

I Met HRim

P < 0.05 vs Metformin
e VO A e |
Weight (kg) T (mmol/L)

Sathyapalan ef al. Tin Endo 1008

104




Side Effects and Interactions-
Rimonabant

inhibitors
#Ketoconazole, chariths

Anti-Obesity Drugs and PCOS

o Weight loss is modest

e L ong-term return to baseline

e Limited studies in women with PCOS
# Short time frame
# Underpowered

¢ Unknown effects on pregnancy

Benefits of Statins in PC

* Decreased ovarian steroidogenesis
&0 ased availability of cholestarol, the precursor
for testosterone production

lan testosterone
son of the

™ |n".F:.rn'|_|
# Decreazed LOL-C and triglycerides

Legro
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Effects of Oral Contraceptive Pills
(OCP) + Statin vs. OCP Alone in PCOS

A5
.
' < L5

HDLL LI} TG

Banasrwwaka ol al, JCEM, 7097

Effects of
Atorvastatin: Placebo RCT

B Statin W Placebo Mo changs in

P < 005 va Placeba

SHBG (nmol/L) I {inmol/L} haCRP{mg/T)

Sathyapalan of al. JCEM, 2000

Justification for the Use of Statins in
Primary Prevention: An Intervention
Trial Evaluating Rosuvastatin
(JUPITER) Study

* Randomized controfled s of primany prevention of

* Combined primary end point of myocardial infarction
stroke, arterial revascularization, hospitalization for
unstableangina, or death from cardiovascular causes

Ficicer P #1 ml. N Engl J Med 200810 1000
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Cumulative Incidence al Cardiovascular Events According lo Study Group

Potential Risks of Statin Therapy

« Common adverse events associated with
statins include constipation, flatulence,
dyspepsia, abdominal pain, headaches, and
rash.

¢ More severe side effects include
# Myopathy (0.2% of patients)

o rhabdomyolysis and acute renal
)
& Abnormal liver function (0. 7%)
» Pregnancy category X

¥ Based on its mechanism of action

Statins and PCOS

No approved indication to treat PCOS, anovulation,
or hirsutism in the U.S.

Legro
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Syndrome XX- Female
Metabolic Syndrome-PCOS

» Centripetal obesity
® Hyperglycemia

® Hypertension

e Dyslipidemia

» Anovulation

s o L 0

Pathophysiology of Endometrial Cancer

Oy ARY
ailrogran 1

Kasks ¢l 8l Cancer Epldem B 2007

Risk of Ovarian Cancer by
Years of OCP Use
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Oral Contraceptives Reduce Risk of
Endometrial Cancer By Years of Use

¥ RR
4 0,44

B o3

12 0.28

Ralative Risk

D.o1
1 4] 2 i & B 10
Total Years of OC Usa

OCs Protect Against Endometrial
Cancer After Discontinuation

YRR

s 0.33
10 0.41

20 0.51

Relative Risk

& 8 10 12 14 16 18
Years Since Last Use of Combinad OCs

OCP Contraindications Likely
Overrepresented in Women with PCOS

» Hypertension
o Obesity
e Smoking

¢ Diabetes/vascular involvement
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Intrauterine Device (IUD) Protective
against Endometrial Cancer

¢ Based on the random effects model, a
protective association between |UD use
and endometrial cancer was observed
(odds ratio [OR] = 0.39; 85% confidence
interval [Cl] = 0.29-0.51)

¢ A decreased risk of endometrial cancer
also was seen for increased years of
IUD use

Beining, Ann Epidemiol, 2008

How Best to Prevent Endometrial
Cancer with Progestin Therapy:

Dose?
Frequency?
Type of progestin?

Prevalence of No Ovulations During
Study Participation in PPCOS

B Met W Coimib

Mo Chvvalalion
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Effect of Insulin Sensitizers on
Endometrium: Study Design

fil-]
M= 16 paliends PR ey | T 'fi Llj_l[,.'lllf:
Foal = rosigifiazcns ﬂl.llall.-.lh:-” -|JL“II JJI ’

OGTT = oral ghucosa Lolerance tesi Legro sl &, AJOG, 7008

s Endometrium
4 Normalizes
i’'. onlInsulin

Sensitizers

Legro el ol ASDD, 2008

5
.
H
2
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L

Becretory

ABmariria
Vg W,

Relationship between NIH Disease
Funding and Disability

Gross of al. NEJW, 1535

Legro
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SUMMARY

There is no one
pharmaceutical that will
address all the metabolic
abnormalities in PCOS.
Polypharmacy is needed

to prevent long-term
complications.

The Unbundled Pharmacologic
Treatment of Syndrome XX in PCOS

) r'l"ﬂllr.'f—"_ tment
Centripetal obesity letformin, bariatric surgery
oriistat vs. sibutramine?
pidemia (assuming -.ST_a[I:"H'.I'IE.'FE.I.rJ',f
eased LOL-C)
ension -S[::-I-"[:-I"‘mﬂt:i'lﬂr'ie 7
ycemia (impaired | Metformin
ose tolerance)
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PREVENTION OF HIRSUTISM

Daniel A. Dumesic, M.D.
Clinical Professor, Division of Reproductive Endocrinology and Infertility
Department of Obstetrics and Gynecology
University of Wisconsin, Madison
Affiliated Scientist, National Primate Research Center
University of Wisconsin, Madison

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

State two endocrine factors that influence the growth of hair.

Indicate when testing for hyperandrogenism is recommended for hirsutism.

Define permanent hair removal.

Formulate a medical therapy for patient-important hirsutism despite cosmetic measures.

hwpPE
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Daniel A. Dumesic, M.D.
Clinical Professor
Division of Reproductive Endocrinology and Infertility
Department of Obstetrics and Gynecology
Affiliated Scientist, National Primate Research Center
University of Wisconsin, Madison

At the conclusion of this presentation, the participant
should be able to
State two endocring factors that infiuence the growth
af hair
Indicate when testing for hyperandrogenism is
recommended for hirsutism
Define permanent hair removal

Formulate a medical therapy for patient-important
hirsutism despite cosmetic measures

Grant Support:
Schering-Plough Pharmaceuticals
Ferring Pharmaceuticals
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Types: terminal, vellus, sebaceous
Cycle: growth (anagen), transition (catagen), resting (telogen)
Anagen: basal hair bulb initiates hair growth

keratinocytes) in hair matrip divide &

h of hair, which acquires pigment from melanoc
Mesenchymal cells Inthe dermal papilla mediate the action
of androgen action through the androgen receptor (AR)

Steroid enzymes: 3B- and17B-HSD, Sa-redt s, aromatase
Androgens transform vellus toterminal follicles; prolong
anagen

Insulin and 1GF-I also may regulate the hair cycle

Thiboutot D 1997, Randall V 1997

Defined as excessive terminal halr appearing ina malke
pattern (modified Ferriman-Gallwey score > 8)

Depends on circulating androgen levels and respanse of the
hair fellicle to the local androgen milieu

Influenced by local conversion of testosterone (T) to

dihydrotestosterone (DHT) by So-reductase and subsequent
binding of these molecules to the AR.

May be associated with underlying disorders, including
neoplasms and vanous endocrinopathies, of which
polycystic ovary syndrome (PCOS) is the most common

Dumesic D et al. 1997, Martin K et al. 2008,
Hatch R et al. 1981

+ [ask Force was selected by the Clinical Guidelines
Subcommittee (CG3) of the Endocring Society

+« Consensus was guided by systematic reviews of evidence
and group discussions

+ Task Force recommendations were reviewed by the
Endocrine Society's CGS, Clinical Affairs Core Committee,
and Council

+ Revisions were placed on the Endocrine Society's Web
site for comments by members

Martin K et al. 2008

Dumesic
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+ Mol recommended for isolated hirsutism

Because the likelihood of identifying a disorder that
would change management or outcome s low

+« Recommended for hirsutism that is
Moderate to severe
Sudden in onset and rapidly progressive, of
Associated with menstrual dysfunction, obesity,

acanthosis nigricans or clitoromegaly

Martin K etal 2008

+ Plasma total T should be measured in the early morning on
cycle day 4-10 in a regularly cycling wamen
T levels are low during menses and vary by 25% during
the follicutar phase, with highest levels in the early
maorning

Total T should be rechecked in a reliable [aboratory, along

witha free T, if it rmal in the presence of risk factors or
progression of hirsutism on therapy

« Lab interpretation |s complicated by excessively broad
normal ranges and no unifarm laboratory standard

Martin K et al. 2008

17-hydroxyprogesterone also should be obtained in women
at risk for late-onset congenital adrenal hyperplasia
Ashk Z| Jews, prevalence 3 Hispanics, 1.9%;
Yugoslavs, 1.6%; [talians, 0.3%; diverse Caucasian
population, 0,1%
Although dehydroepiandrosterone (DHEAS) levels are
elevated in 16% of women with normal T levels, such miid
glevations are unlikely to affect therapy

Martin K et al. 2008, Dumesic D 1997; Azziz R et al 2004,
Speiser P et al. 1985
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+ Depends on patient preferences, the extent to which the
affected area is amenable to direct hair removal and access
to and affordability of alternatives

+ Pharmacological therapy is usually oral contraceptives, with
addition of an‘antiandrogen after 6 months if the response is
suboptimal

+ Laser photoepilation can be used for direct hair removal

With pharmacological therapy continued in women with
hyperandrogenemia to minimize hair regrowth

Martin K et al, 2008

+ Drospirenone: a progestin with weak anti-androgenic
properties, Three mg drospirenone = 25 mg spironolactone
= 1 mg cyproterane acetate (CPA)

+ Morgestimate and desogestrel. progestins with low
androgenicity

« Levonorgestrel, the most androgenic progestin
+ Mo clinical advantage of using one OC over another

+ Six-month trial is recommended before adding another
medication, given a 4-month anagen phase for facial hair

Martin K et al. 2008; Breitkopf D et al. 2003

+ Steroidal: block AR and have antigonadotropic actions

+ Spironolactone (100-200 mgfday), aldosterone antagonist
mhibits AR and 17«-hydroxyla lyase
Side effects; polyuria, polydipsia, menstrual dysfunction,
hyperkalemia, hypotension, risk of fetal male
pseudohermaphroditiem (if used in pragnancy)

+ Cyproterone acetate (2-100 mg/day) 170OHP, derivative
inhibits AR and 5a-reductase
Side effects: asthenia, loss of libido and mastalgia

Martin ¥ at al. 2008; [bafez L et al, 2002: Calaf J et al. 2007
Fruzzetti F 1997

Dumesic
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+ Nonsteroidal (pure). block AR only
« Flutamide (250-500 mgfday; low dose; 62.5-250 mg/day
Side effect: dry skin, dose-related risk of hepatotoxicity
+ Finasteride (2.5-5.0 mgfday), blocks type 2 Sa-reductase
Partial response may occur due to type 1 bo-reductase

Martin K et al. 2008; Ibanez L et al, 2002; Calaf J et al. 2007,
Fruzzetti F 1997, Legro R 2007

+ |nsulin sensitizers provide limited benefit for women with
hirsutism and no significant benefit over ©OCPs or
antiandrogens

+« Small decrease in Ferriman-Gallwey scores with insulin

g vs, placebo (weighted mean difference [WMD] -
b ICl -2.8 to -0.2)

+ Metformin was 3 cl
0.03 to 2 6]y and flutamide (WMD 5.0 [95% Ci 3.0 to 7.0])

Martin K et al. 2008; Cosma M et al. 2008

Diet + Diet + Diet + Diet +
Placebo Metformin Flutamide Metformin
+ Flutamide

Basal i 130+ 885 46+ 6.¢ 145+6.5
05yr & 109+ 86 79+43
10yr B8

4

4.1 10466 57 1.7 6.5+ 394

Mean = SD
a, P=0.05; b, P<0.01; ¢, P<0.001 v= basal
d, P<0.05; &, P<0.01 vs. 6 months

Gambineri A et al. 2006
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+ Glucocorticoids may be used in women with nonclassical
congenital adrenal hyperplasia (NCAH) who have a
suboptimal response to previous medications, cannot
tolerate them or seek ovulation

+ Side effects | de adrenal atrophy, hypertension
weight gain, abdominal strize and bone loss

+Gonadotropin-releasing hormaone (GnRH) analag has no
therapeutic advantage over oral contraceptives ar
antiandrogens

¢ [Lis expensive, requires injections and causes severe
hypoestrogenism and eventual bone loss

Martin K et al. 2008, Cosma M et al. 2008; Legro R 2007
Spritzer P et al. 1990, Helner JS et al. 1995

+« Cosmetic methods (bleaching): irritation, pruritis,
discoloration

+ Depilation: removes hair shafts from the skin surface
+ Shaving: leaves a blunt tip
Thioglycolates: unpleasant odor from sulfur, dermatits
+ Epllation: extracts hair to above the bulb

Plucking, andfor waxing: discomfort, scarring, Tollicultis
hyperpigmentation

Martin K et al. 2008

chon in terminal hair numbers afler treatment, that is
slable forlonger than the complete growi! cle of hak folickes
+ Electrolysis

Painful, time-consuming, erythema, scarring

Good for small areas of sparse hair of any color

+ Laser photoemlation (red-nearfinfrareq); intense pulsed
light (IPL)

Expensive but efficient
+ Scarring, dyspigmentation, IPL-related hype osis

Longer wavelength lasers (Nd:YAG) needed In dark-
skinned individuals to reduce burning
rtin K et al. 2008, Gorgu M etal 2000, Radmanesh M et al

Dumesic
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Recommendalion based on higher value of efficiency,
convenience and pain relief over cost

« Laser photoepilation

+ Pharmacological therapy should be considerad in women
with hyperandrogenemia to minimize hair regrowth

+ Efiornithine hydrochioride cream 13.9%

Irreversible inhibitor of ornithine decarboxylase, which
catalyzes the rate-limiting step for follcular polyamine
synthesis necessary for hair growth

Can be applied topically during photoepilation to improve
the initial response

Martin K et al. 2008

+ 652 premenopausal women attending one of 27 electrology
clinics in the United States, Canada and Germany.

+ 27.2% of these women'had hirsutism with menstrual
Irregularity

One half were also cbese

Two'thirds were unaware of the reason for their
hirsutism

Dumesic D et al

« [nsulin and IGF-| may regulate the hair cycle

+|n 2003-2004, 17.1% of children and adolescents in the
United States were overweight

+ An exaggerated decrease in SHBG during adolescenc
may be a cofactor in the development of hirsutism

+ Hyperinsulinemia occurs in children of PCOS women

+ [riglyceride and HDLcholesterol levels positively and
negatively correlate with free testosterone levels in PCOS
adolescents, respectively

Thiboutot D 1997, Cross G et al, 2008, Fruzzetti F et al
2008; Kent S et al. 2008; Ogden C et al. 2006
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POLYCYSTIC OVARY SYNDROME (PCOS) 101—
FIRST-LINE OVULATION INDUCTION: WEIGHT LOSS, CLOMIPHENE AND ITS
VARIATIONS

Richard S. Legro, M.D.
Department of Obstetrics and Gynecology
Penn State College of Medicine
M.S. Hershey Medical Center
Hershey, Pennsylvania

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

arwdPE

Assess preconception issues to discuss with patient.

Identify the clinical and biochemical factors that predict response.
Explain to patients approximate success rates of first-line therapies.

List varying strategies to treat obesity prior to ovulation induction.
Discuss adjuvant therapy for patients non-responsive to frontline therapy.
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Polycystic Ovary Syndrome (PCOS) 101—
First-Line Ovulation Induction: Weight
Loss, Clomiphene and Its Variations

Richard 5. Legro, M.O.
Penn State College of
Medicine
Department of Obstetrics
and Gynecology
Hershey, PA

Learning Objectives

t the conclusion of this pre ton, participants slyowld

ng 5t TH1EI__]IE'5 to treat obesity prior to ovulation

+ Disc juvant therapy for patient non responsive to front
line therapy

Disclosures

o Study Investigator-Solvay Pharmaceuticals

* Consultant- Merck-Serono

» Off-label drug use: metformin, letrozole, anastrazole

+ | abelled drug use: sibutramine, orlistat
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Clomiphene,
Owulation GnRH,

Induction in PCOS Aromatase
inhibitor

SHBG

Follicle-

@&
Q

Insulin sensitizing

stimulating

agents, glucagon-
L o gon hormone

like peptide-1 (GLP-

(FSH), ovarian
drilling

Preconception Issues in
Women with PCOS

¢ Undiagnosed, untreated, or poorly

controlled medical conditions

e Nutritional |ssues

® Family history and genetic risk
» Tobacco and substance use

# Occupational and environmental

exXposures

+ Mental health issues

Adagpled from ACOG CommBies Cpinion K313, Septembar 2005

Other Medical Conditions Among
Pregnancy in PCOS (PPCOS) Subjects

Criteria among screaned patients

Criteria among randomized patients

Hypertension

y of psychialnc diseasa

Legro et al, Feril Steril, 2008, McGovern et al, Festil Steril 2007
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Smoking and ETOH Use is Common
Among Women with PCOS

All Patients
| n =626
Patient had history of smoking 247626 (39.5%)
Current smoker
ped smoking
Patient had history of aleohol use
Currently using alcohaol

Mo current aleohol use

I
|
I
|
|

Legro el al. Ferl Seri. 200

Should We Screen the Patient and
Couple for Infertility Factors
Other than Chronic Anovulation?

Presence of Other Infertility
Factors in PPCOS

Abnormal Prevalence
test/inumber tested
(= 20 million/mL)

|
Bilateral tubal
occlusion

McGovern al al. Fertil Slard. 2007
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Improving Hyperandrogenism,

Not Insulin Resistance,

Correlates with Live Birth

Multivariate Significant Predictors of FSH
Threshold Dose in WHO Type 11

Oads Ratio [OR)

Body mass index

117
(BMI)

Amenorrheavs. |11.8
normal I-Erﬂg[l'l

Oligomorrheavs. | 2.57

normal length
Mean ovarian 1.22

volume

Nomograms

for Prediction

of Individual
FSH

Threshold

Dose in WHO

E
&
' Il Patients

Hybos Anderian, A # al
Hiam. Raprcd 2000 231824
]
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Does Ovulation = Live Birth?

Orvulation

|

Fertilization

<=
= Pess 2
ST

Implantation

| 2

Fetal Viobility
o

Hrally Lrvebom

Legro el al. Hum Reprcd, 2004

Fecundity per Ovulation in PPCOS

35

G
8
w B
E
4
a
2
1
0
=1 M

S _ — = | . E
Live Hirth/Chvulation Live Birth/Ovulaled 1
' BreE W Comb J0C WmMet BComb

= Significant compared to baseline Lgro o al, NEIM, 2007

Be Suspicious of Models that
Only Look at Ovulation!

Owvulation Live Birth

Age [Yrs)
=34 [Reference) 1.0 1.0

=34 | 0.61[0.41,0.82] | 5.05[1.46.17_52]
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Improved Menstrual Regularity
with Age in PCOS Women

100
a0
801
7017 ] B % Regular
604 I cycles
504
4047
3047
2041
104

[ s = — - - Elting et al, Hum
M35 36-38 W41 4245 4650 5155 Reprod, 2000

N=20%

Multivariable Logistic Regression Model
to Predict Pregnancy with rFSH treatment
in PCOS

5% confidence
Odds Ratio intervals

Oligomenorrhea vs 234 1.11t0 538
amenorrhea P=0.04
Duration of infertility lo.8 (0,73 t0 1.04
P=0.13
Free androgen index . .'ﬂ 89 to 0.98
P=0.003

57 pregnancies in 85 palients Van Wely el al, Hum Reprod, 2005

Nomogram to Predict Ovulation/Live
Birth in WHO Type II Anovulation

7 Cranoe of &
Fve bt (W)

Charee of ovulabon (%)

Retrospective case series of 258 couples i ot al, Fartil Storil 2007

Legro
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,";‘I Pregnancy Rate by BMI Group in PPCOS
L =

W B W0 ¥ 4
Diaya from Randomszation to Live Brth

Daseline Frodnsulin

et | Predictors
Tt T s
10 (Reterance) Birth in
v B S PPCOS
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Bassiine FAIL
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Concepticn
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What Is the Evidence-Based
Schema for First-Line Infertility
Therapy in Women with PCOS?

What Is Evidence?

e Expert opinion

e Case series

e Case/control studies

e Cohort studies

* Randomized controlled trials

Answer: There Is No Evidence-Based Schema

Consensus on infertility treatment related to polycystic
avary syndrome

Tt T vl smnilld FORINTSA SR Snamassnad PUTET Conaimans Wowl by Goasagr® Masy i J - 8 2000

C Tatiem in, B C 0. Pater BILL AL 3 Logre
N Mo bl K et (UEAL P Pt (0 & Franks
LE My FL P, Comper Car, B MomBusg Bal L Lobs

Furuhas 451 P Dervroay

G, P v PLL P O Gy

Swartagrarm B

Legro
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How Many Treatment Cycles?

Minimum of & ovulatory cycles

Fecundity (Live Birth/Ovulation) by
Treatment Cycle in PPCOS
N = 626

Clomiphens
= Metformin
i s H el o Combined
g W ey
Visil 1 Visit2 Visitd Visild Visit5 Visil 6

Cavoal: The best |pregnancy] and waorst janewilation) drop out aver time

Extracted from Legro et al, NEJM, 2007

PCOS Case Presentation

Hirsute/
hyperandrogenic
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Patient #1

e 26-year-old woman with primary

infertility

# Amenorrhea

#Femman -Galiwey (F-G) score 20
¥ !
’Zrl,*l d4

#PCO on ultrasound

#Normal semen analysis (male partner)

# Cral glucose tolerance test (OGTT): normal

Bt of AT laphimy § epiws © 1% i Dot o bt § el | 1 e
Mgmi gy Mgl g P g s

P -

,:_.E E_ —

!f.@a-l;:- ﬂ:‘l.:

Recommendation

e A) Start metformin

e B) Start clomiphene

e C) Lifestyle intervention

¢ D) Obesity medication

e E) Bypass surgery
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Clinical and
Biochemical
Characteristics of
the Morbidly
Obese PCOS
Patients
Submitted to

Bariatric Surgery,
Before and After
Weight Loss

Weighl Changes among Subjecls in the Swedish
Obesily Study over a 10-Year Period

gl e [
4
.

ey o e

o L =

Sjewirem, L o sl N Engl J Med 2004

Unadjusted Cumulative Mortality After Barialric
Surgery

E
3
E
b}
§
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Bariatric Surgery Pearls

erenced hands, mortality s well under

* The best type of procedure for those seeking
pregnancy is unknown

- Lap band vs. bypass
* Avoid pregnancy dunng 12-month penod of

rapid weight loss

+ 7 Extra folic acidfnutrient supplementation due
to malabsorption

Patient #2

e 24-year-old woman with primary infertility
menorrhea

{normal <

#BM| 30

#FPCO on ultrasound

#Mormal semen analysis (male partner)

$OGTT: normal

Recommendation

e A) Start metformin
e B) Start clomiphene

e C) Lifestyle intervention

¢ D) Obesity medication

e E) Bypass surgery
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Patient #3

e 28-year-old woman with primary infertility

# Oligomenarrhea

*F core 12, total testosterone 75 ngfdlL
(nl < 60 ng/fdL)

*BM| 33

#FPCO on ultrasound

#Mormal semen analysis (male partner)

$OGTT no

Recommendation

e A) Start metformin

e B) Start clomiphene

e C) Lifestyle intervention
¢ D) Obesity medication
e E) Bypass surgery
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Lifestyle Modifications in PCOS

& Obesity adversely affects reproduction and is
associated with anovulation, pregnancy loss, and
late-y ancy complications,

# Obesity within P ated with failure of
infertility treatment.

& Weight loss prior to infertility treatment
improves ovulat rales 1in women with PCOS
but there are limited data that it improves
fecundity or lowers pregnancy complications.

Best Short-Term and Long-Term Weight Loss with a Low
Carbohydrate [Met

Wetar WrpH Chirge gl

[T [Sr————
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Short-term meal replacemeants followed by dietary macronutrient
restriction enhance weight loss in polycystic ovary syndroma'

Lt J Meras, Maswy Noalen, Peree M Clifhosy, Grairy A Witsest, G Willkiona, il Rike'er J Norss

Meal replacements; 2x per day

In 8 Weeks, Mean Weight Loss of 6 kg

Pearls on Office Lifestyle
Recommendations

¢ Calorie restriction is the key.
#Limit portion size

» Dietary compesition is irrelevant.

» Although exercise is facilitative, in and of
itself it is unlikely to lead to significant
weight loss

# Exercise must be tailored to the weight
and physical fitness of the individual.

Avoid Conception During Weight
Loss

~
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Patient #4

e 32-year-old woman with primary infertility

total testosterone 7

ydL)
SEM|

#FPCO on ultrasound

#MNormal semen analysis (male partner)

$OGTT: normal

Recommendation

e A) Start metformin

e B) Start clomiphene

e C) Lifestyle intervention

e D) Obesity medication

e E) Bypass surgery

LR
Imasca of bea woTs
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Patient #5

e 29-year-old woman with primary infertility
# Oligomenarrhea
#F-G score 13, total testosterone 85
(nl < 60 ng/fdL)
*BM| 35
#FPCO on ultrasound
#MNormal semen analysis (male partner)
#OGTT: 2hour 165 mg/dL (impaired glucose tolerance)
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Recommendation

e A) Start metformin

e B) Start clomiphene

e C) Lifestyle intervention
¢ D) Obesity medication

e E) Bypass surgery
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Mean Weight Change

Plarabe

. — L
el il il

_-.._._._..___,_.-0—..__.___. Meatformin

Liffestyie

The DPF Resesrch Group, NEJM 2002

Effect on BMI and Waist
Circumference in PPCOS

. 0

a1

0.2

1.3

1.4

05 =|
— .

AL
.y 45 L -
BMI (kg/m2) Waist Circum
CC EMet W Comb CC B Met B Comb
= Significant compared to baseline Legra & ad, NEJM, 2007

0.2

Patient #6

e 28-year-old woman with primary infertility
# Oligomencrrhea
*F core 18, total testosterone 101 ngfdl

(nl < 60 ng/dL)

*BM| 37
#FPCO on ultrasound
#MNormal semen analysis (male partner)
$OGTT: normal

Legro
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Combinalion Therapy
(Lifestyle/Medication/Behavior) Achieves Besl
Weighl Loss

Anti-Obesity Medications

v normal blood

sure (B/P)
Start low (5 mgfday) action with
Monitor B/P, pulse gzl
symptoms 2-4 weeks Skip for breakfast
later
Increase as tolerated
to 15 mgiday
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Hyperandrogenic

Patient #7

e 28-year-old woman with primary infertility
#Oligo rrhea
* core ¥, total testosterone 52 ng/dl
(nl < 60 ng/fdL)
*BM| 23
#FPCO on ultrasound
#Mormal semen analysis (male partner)
$OGTT: normal
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Recommendation

e A) Start metformin

e B) Start clomiphene

e C) Start letrozole

e D) Lifestyle intervention

Live Birth Results of Double-Blinded RCTs of Insulin
Sensilization and Clomiphene (CC) (N = 100)

Study ([N Treatments Results

| Metfarmin vs .h.'.E‘HI:rI'I'IIr'.S.JFlE-‘II:Ir to CC

Mall at al 225 Mo benafit of metformin/CC
Legro et al, 2 26" metformin | No benefit of metformir

5. CC/metformin | AND clomiphene suparior
to metformin

Maohd Zain et al, | 125 L No benefit of matformin/CC
Fertil Steril 2008 AMD clomiphene superior

*Adequately powered and dessgned to delect differences in ive birth rales

s |
Obese

Hirsute/
Hyperandrogenic
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Patient #8

¢ 38-year-old woman with primary infertility

#Married with unprotected intercourse, attempling pregnancy for
2 years

#Cligomenorrhaa

#F-G score 17, total testosterone 92 ngfdL (nl < 60 ngfdlL)
+8M| 43

#PCC on ultrasound

#Normal semen analysis (male partner)

#OGTT: normal

Recommendation

e A) Start metformin and clomiphene
e B) Gonadotropins

e C) IVF

e D) Obesity medication

e E) Bypass surgery

1;:, Live Birth by BMI Group

W

BEMI<30 N=179

cC MET COMBE
n=57 n=57 n=65
Live Birth 21/57 (36.8%) 5/57 (B.8%) 24/65 (36.9%)

EMIz35 N=2311
ccC MET COMB
n=110 n=105 n=96

Live Birth 18/110 (16.4%) 4/105 (3.8%) 22/96 (22.9%)

Legre # i, NEJM, Supplemantsl onfine |akls, 2007

Legro
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Meta-Analysis of Metformin/CC and
Pregnancy in PCOS

Creanga et o, Obstet Gynecol, 20048

Oid
COhbese

Hirsute/
Hyperandrogenic

Patient #9

» Z8-year-old woman with primary infertility
#0ligomenarrhea
#F-G score 17, total testosterone 98 ngfdL (nl < 60 ngfdL)
*#BMI 26
P n ultrasound
rmal semen andlysis (male partner)
T: normal
cles of clomiphene: dose up to 150 mgfday, no ovulation
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Recommendation

e A) Start metformin and clomiphene

¢ B) Give longer dose of 150 mg CC

e C) Add dexamethasone

e 0) Add oral contraceptive pills (OCP)

¢ ) Use letrozole

s E) Lifestyle therapy

1;:, Live Birth by BMI Group

W

BMI <30 N=179
cC MET COMBE

n=57 n=57 n=Egs

Live Birth 2157 (36.8%) 5/57 (8.8%) 245 (36.9%)

BMiz356 N=311

cC MET COMB
n=110 n=105 n=296

Live Birth  18/110 (16.4%) 4/105 (3.8%) 22/96 (22.9%)

Legro ¢ i, NEJM, Supplemantsl onfine |akle, 2007

Extended Cycle CC

# N = 30, CC-resistant at 150 mg/day

= Fourteen patients (47%) ovulated
during 31 of their 48 cycles (65%). Five

women (17%) conceived a total of

seven singleton pregnancies.,
» Side effects were similar to those

reported during standard CC treatment.

Flukier &l sl Farill Staril, 1996
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RCT of Dexamethasone in CC-
Resistant Women with PCOS

¢ 230 women failed to ovulate on 250 mg CC,
normal DHEAS levels

» 119 randomized to 2 mg dexamethasone
(DEX)WCC vs. 111 placebo/CC

e DEX 2 mg day 5-14, CC 200 mg day 5-9

¢ Follicular monitoring with human chorionic
gonadotropin (hCG) 10,000 U to trigger
ovulation

Parsanezhad ME. Farill Sledil, 2002

Improved
Cumulative
Conception Rate on
Dexamethasone/CC
vs Placebo/CC

wmubstive comse

Pansnezhad ME. Ferld Sear, 2002

Clomiphene citrate and dexamethazone in treatment of
clomiphene citrate-resistant polveystic ovary syndrome:
a prospective placebo-controlled study

Absubiskr Flusbr ', Emsid Abdsbmugeed, Mabmod Fayed anl Magdy Sharsl
Separmmrs of Eberney sl ey Braks bowemey Hegesl el g

o w e e sl b s # L e 1 A B prpd o vimshes ¢ 18 el o

N = 80 women, CC 100 mg/DEX 2 mg day 3-12,

Higher pregnancy rate in DEX group 40% vs. 5%
(P <0.05)
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OCP Pretreatment in CC-

Resistant Anovulation

¢ 48 anovulatory women with PCOS at

150 mg/day of clomiphene

e Randomized to OCP (desogen) for 42 —
50 days or no treatment for 48 — 56

days.

Branigan # sl AJOG, 2003

Effects of Pretreatment with
OCP on Qutcomes

P Value

Ovulation 7124 (T1%) |2/24(8%) 001

3127 (11%) |.0071

Pregnancy |13/24(54%) |1/24(4%) | 001

Branigan ¢ ol AJOG, 2003

[ e | £ |
e o v | "] | e
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Rationale for Letrozole in
Ovulation Induction

* |nterferes with inappropriate estrogen
feedback at the hypothalamus similar to
clomiphene
+ Shorter half-life than clomiphene
#Less potentlal teratogenicity

* No adverse endometrial effects
#Higher Implantation rates

* Lower multiple ovulation
#Fewer multiple pregnancies

RCTs of Letrozole and
Clomiphene for PCOS

Tipe Tatal
Subjects

Multiple
open L],
open labe]

open label s Multiple
! {me 23

open label
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Dumesic

GONADOTROPIN REGIMENS FOR ART

Daniel A. Dumesic, M.D.
Clinical Professor, Division of Reproductive Endocrinology and Infertility
Department of Obstetrics and Gynecology
University of Wisconsin, Madison
Affiliated Scientist, National Primate Research Center
University of Wisconsin, Madison

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

1.

2.

State a potential risk for using a GnRH analog trigger to induce oocyte maturation in IVF
patients at risk for ovarian hyperstimulation syndrome (OHSS).

Formulate a medical strategy to reduce the risk of OHSS in polycystic ovary syndrome
(PCOS) women with exaggerated ovarian responsiveness to gonadotropin therapy for IVF.
Describe one intrafollicular abnormality in terminally differentiated PCOS follicles that could
impair oocyte developmental competence.
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Dumesic

Daniel A. Dumesic, M.D.
Clinical Professor
Division of Reproductive Endocrinology and Infertility
Department of Obstetrics and Gynecology
Affiliated Scientist, National Primate Research Center
University of Wisconsin, Madison

Atthe conclusion of this presentation, the participant
should be able to
= State a patential risk of using a gonadotropin-releasing
hormone (GnRH) analog trigger to induce cocyte
maturation in IVF patients at risk for ovarian

hyperstimulation syndrome (OHSS)

Foarmulate a me gy to reduce the riskof
OHSS in polyeo ndram (PCOS) women with
exaggerated ovarian responsiveness to genadetropin
therapy for IVF

Describe one intrafollicular abnormality in terminally
differentiated PCOS follicles that could impair cocyte
ie ental competence

Grant Support:
Schering-Plough Pharmaceuticals
Ferring Pharmaceuticals

162




+\With an increased risk of high-order multiple birth
from gonadotropin therapy, |VF might be a
reasonable aoption for PCOS women who fail
clomiphene therapy because such a risk can be
reduced by transferring one or two embryos,

+The major risk avarian stimulation for IVF in PCOS
women is ovanian hyperstimulation syndrome
(OHSS).

Eijkemans et al. 2005

Oral contraceptives/GnRH analog dual suppression
Coasting before hCG administration

Reduced dose of administered human charionic
gonadotropin (hCGE)

Embryo cryopresemnvation

Cabergoline

GnRH antagonistfgonadotropin therapy with GnRH analog
trigger for final cocyte maturation

Metformin

The Thessalonlki ESHRE/ASREM-Sponsared PCOS Consensus
Workshop Group, 2008, Damewood M et al. 1989, Engmann L et
al. 2008, Alvares C et al. 2007, Damaric M et al. 1997, Shapiro B
et al. 2005

Vascular endothelial growth factor (VEGF) induces
giogenesis and vascular hyperpermeability by interacting

with its VEGF receptor-2 (VEGER-2)

Inanimal studies, dopamine agonist blocks VEGF-mediatad

vascular permeability without altering angiogenesis

Carbergoline has high affinity, for. the dopamine receptor 2

and also causes VEGFR-2 dephosphorylation

Prospective; randomized, double-blind study of oocyte

donors sh | a significant decrease in moderate OHSS

from 44% to

Ablvarez C et al. 2007
Gomez R et al. 2006

Dumesic
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= Enrolled cocyte donors undergoing ovarman stimulation were
at increased risk for OHSS, defined as
Development of = 20 follicles =12 mm in size, and
Retrieval of = 20
On day of hCG administration, patients were randomized to
carbergoline (0.5 mg orally daily for 8 days) or placebo
Serial blood sampling for hematologic, renal and hepatic
function, as well as transvaginal ultrasound (TVLS)
monitoring, was performed every 2 days from day of hCG
administration for 8 days

Ahlarez C et al 2007

Moderate OHS

Chi = carbergaoline

Alarez C et al 2007

Ch2
Tramaler constant Placebo - C. Hemogiabin
(K trang) * s
i LH Ao
]
(+]

ook

]
Extravascular space (Vi) D Ascites

ok
sk g

Basal hCG 0 hCG +5
Time
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Implantation rate
Clinical pregnancy rate (%)
Live birth per cycle

Alarez C et al 2007

= Anendogenous LH'surge has a shorter haif-life than hCG
but subsequent piiutary suppression causes early luteoh
and reduces |uteal steroidogenesis
Final oocyte maturation can occur ustng a GnRH agonist
trigger but impaired embryo implantation may represent
inadequate luteal phase steroid support

Chan C et al. 2003, Fauser B etal. 2002; Humaidan P et al
2005, Engmann L et al. 2008, Koliblanakis E. et al. 2005

Enrolled patients had PCOS, polycyst arian morphology ar
hyperresponsiveness to previous ovarian stimulation for IVE

Fatients were randomized
Oralcon
human fiol stimulating hermone (rhFSH) therapy -
adminstration (3300-10,000 U}, or
QCIGnRH antagonist - rhFSH therapy - 1 mg leuprolide
Patients recened
Intramuscutar (IM) progesterone (50 mg), and
Stugy patient so received 0.1 mg transdermal estradiol
(E-) patches (3-4, every other day)
Serum progesterong (P4)/E- levels maintained = 25 ng/mL/200
po/mL
Hormone supplementation continued for 10 weeks
Engmann L etal 2008

Dumesic
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1 Study group I Control

N=30 N=23
Mumber of cocytes 20.249 9 18.8+£10.4 NS
Propartion of Mil oocytes 81.0+£16.3 | 83.8:13.2 | NS

Fertilization (%) | 716141 | 748:173 | NS
'Serum E. pg/mL (at ET) | 485218 | 1320695 | <0.01
'Serum P, ng/mL (atET) | 25t14 | 117:61 | <0.01 |
'Serum E. pg/mL (midiuteal) | 283:216 | 663556 | 0.01 |
'Serum P, ng/mL (midiuteal) | 2848 | 46450 | NS

Engmann L et al. 2008

Stijd'.r . -C:‘-untml-
group N=29
N=30
Mid-luteal ovarian volume (em*l | 37+ 22
OHSS (total) 0
2 7o

OHSS (moderate/seven)

.|JTlp|E|f11ElIUF'- rate (%) I 36
Clinical pregnancy rate (%) [
.Dngmng pregnancy rate (%)

Engmann L et al. 2008

Meta-analysis of 5 randomized clinical trials (RCTs) shows
that metformin-gonadotropin £ By
= Dpes not aff ation of FSH therapy, maximum
serum E. levels, ers of oocytes collected, or
pregnancy/lve-birth rates
» Reduces total amounts of FSH administered (OR = -2
[-450 to -131]) and lowers the risk of OHSS (OR=0.2
[0:11 to D.41])
« Metformin-gonadotropin therapy may be useful to reduce
OHSS nsk in IVF patients with PCOS

CostelloM et al. 2006; Tang T et al.
Kjotrod 5 et al. 2004; Moll E et al. 2007; Palomba 5 et al. 2009
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Metformin increases cfinical pregnancy and five birth
rates and lowers the risk of severe OHSS.

Dulc oo Matfermin  Placebo

Ongoing pregnancy per 19.1

transfer |

Live birth par transfer

Severa OHES |

Side affects | LR 0,001

Tang T et al 2006

Metformin does nol affect ovarian responsivensss o
FSH nor improve pregnancy odlcome

28 kgfmy

Treatment Group Wean - Cl P

Placebo B 88127 " Z 11.8-10.6
Metfomin | 131 &8AT3 10.4-18.9

Owa (no.)

Fertillzation . Placebo | 0.84  0.38.0.72 0.45-0.66

rale Metformin | 050 0.40-0.61 0.42-0.67

Pregnancy rats  Plscabo 023 oasoan | 0.85-0,74
Matformin | 0.71 063079 0.38-0.55

Clinical Placebo 0.23 0154021 0.68 0.50-0.66
pregnancy rate

Metforrmin | 0.57 0.49-0.85 v 041 0.33-0.4%

Live birth rate  Flacabo F15 0070323 04T 0.39-0.55

Wetformin | 043 0235051 035 017043

Kjotrod et al. 2004
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Lactate (mMal/L)

P4 (uMaliL)

mesic

Impaired fertilization of PCOS oocytes occcurs without gross
chromosomal abnormalities or nuckear immaturity

After IVF with ICSI, increased miscarriage rate can occur in
lean PCOS patients

Insulin resistance increases the risk for miscarriage after IVF,
controlling for PCOS

High miscarriage rate in obese PCOS patients follows transfer
of normal-appearing embryos into a surrogate uterus.

Heijnen E et al. 2006; Cano F et al. 1997, Tan L et al
2007 Ludwig M et al. 1999; Sengoku K et al. 1997

o
E
1
E
&
a
E
='h
a
$

PCA companent 1

Wood J etal 2007

RZ=0.72
Pe0 004

Glucose (mMolil)
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s Intrafoliicular insulin levels are positively correlated with body
mass index (BMI) and fasting serum Insulin levels on the day
of oocyte retrieval

= Fallicle fluid insulin levels are elevated in women with
impaired glucose tolerance

» Total free fatty acid levels in follicular fluld vary inversely with
follicle development and cocyte quality

Phy J et al 2004, Dumesic D et al. 2007
Jungheim E etal. 2009

» PCOS was defined by both the Mational Institutes of
Health (NIH) and Rotterdam criteria

s Mo significant effect of metformin was detected on
miscarriage rate for
« The entire PCOS population (OR 0.889 [95% CI
0.:65-1.21), P = 0.5), or
PCOS patients undergoing IVF (OR 0.96 [95% CI
0.40-2.34), P =0.9)
= "Metformin has no effect on the abartion risk in PCOS
patients when administered before pregnancy
Palomba S et al. In press

Foong 5 et al. 2006

Dumesic
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= E.supports a nongenomic, calcium-mediated mechanism
of cytoplasmic maturation in the immature cocyte

The E-fandrogen raftio to which oocytes are exposed durnng
folicle growth affects the guality of mature human cocytes
obtained through IVF

Pregnancy outcome by IVF is related more to the
E«fandrogen ratio than to the absolute amount of E- in the
follicle

Cocytes obtained from hyperandrogenic PCOS follicles and
matured in vitro have impaired embryonic development

Revelll Aetal 1998; Tesarlk J et al 1997
Bames F et al. 1996, Yding Ander

=
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3
=
B
=
o
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=
g
=

pg/mg protein

Normal
(N=38)

Mian = SEM
*p 25X 10" versus normal
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LONG-TERM CARDIOVASCULAR ISSUES AND THEIR PREVENTION

Kathleen Hoeger, M.D.
Associate Professor of Obstetrics and Gynecology
University of Rochester Medical Center
Rochester, New York

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

1. List and evaluate the cardiometabolic risks present in polycystic ovary syndrome (PCOS).
2. Discuss metabolic syndrome, its evaluation and the relationship to PCOS.
3. Review the options for prevention of cardiovascular disease in this population.
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Learning Objectives

At the conclusion of this presentation,
participants should be able to:

+ List and evaluate the cardiometabolic risks
present in polycystic ovary syndrome
(PCOS).

» Discuss metabolic syndrome, its
evaluation and the relationship to PCOS.

+ Review the options for prevention of
cardiovascular disease in this population.
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Metabolic Consequences
Cardiovascular risk

Since the mid 1980s, women with PCOS
have been observed to have increased
risk factors for cardiovascular disease
when compared with women of similar
age.

Dyslipidemia

Hypertension

PCOS and Cardiovascular
Disease

Dahligren et al. published long-term follow-
up of 30 women who had received wedge
resection.

They showed an increased incidence of
hypertension in this cohort, as well as
increased incidence of diabetes.

Dahlgren, et al. Acta Obstet Gynecol Scand, 1992

Metabolic Consequences:
Lipids
Several case-control studies suggest
increased total cholesterol and low-density
lipoprotein (LDL) with low high-density
lipoprotein (HDL) in PCOS compared to
controls.

This finding is not consistent across all
studies, and despite the elevation in
younger PCOS women compared with
controls, the levels often remain in an
acceptable range.
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Cardiovascular Risk

+ 1992 Talbott et al. inititated a large-scale case-
control study of coronary heart disease (CHD)
risk factors in women with PCOS.

Mean age of cases was 35.5 years

After adjusting for body mass index (BMI),
hormeone use and insulin, PCOS women had
significantly higher LDL cholesterol and total
cholesterol at a younger age.

Talbott et al, T Clin Epidemiology 1998

Cardiovascular Risk

In the follow-up reported to year 1999,
they noted a 23% incidence of
hypertension, compared with 6.9% in
controls.

Additionally, there was a 32% increase in
plasminogen activator inhibitor- 1 (PAI-1)
adjusted for age and BMI

Talbott et al, Arterioscler Thromb Vage Biol , 2000

Lipid Profiles from Cases and
Age-Matched Controls

CH LoL TG HDL

Talbott et al J Clin Epidemiol 1998
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Lipid Profiles and PCOS

Looking at the Finnish Birth Cohort from 1966 to age
31

1005 controls with no menstrual irregularity or
hirsutism vs. 75 cases with both.

Women with both hirsutism and oligo-famenorrhea
had increased TG, decreased HDL.

They also had increased BMI, C-reactive protein
(CRP) and systolic blood pressure (SBP)/diastolic
blood pressure (DBP) compared with controls.

Lipid changes persisted when controlled for BMI.

Taponen, etal. JCEM 2004

Inflammatory Markers and
PCOS

Investigators studied 17 women with
PCOS with a mean BMI of 31 compared to
age and weight-matched controls

PCOS women had increased levels of
CRP

Correlated directly with BMI and inversely
with insulin sensitivity
Kelly CC, et al, JCEM, 2001

CRP and PCOS

Boulman et al. studied 116 women with PCOS
and 94 BMI|-matched controls

PCOS was defined by menstrual irregularity and
hyperandrogenism

Means ages were 27.5 and 30.4 years

41.4% of cases and 42.5% of controls were
overweight or obese.

Boulman et al JCEM 2004
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CRP and PCOS

o Geress)
CRP and PCOS

Boidman el al JCEM 2004

Cardiovascular Risk:
Pre-clinical Disease

« Overall, despite the possible abnormal
lipid and inflammatory marker profiles, it is
unclear whether there are increased
cardiovascular events in this population.

* There is demonstrated evidence, however
of pre-clinical disease.

1
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Vascular Reactivity and PCOS

+ There is a suggestion that women with PCOS
may have early evidence of vascular changes
associated with cardiovascular risk.

« Kelly et al. studied 19 women with PCOS and
mean BMI of 33 compared with weight-matched
controls by pulse-wave velocity (PWV).

« Measurement of pulse transit time between
brachial and radial arteries.

Kelly CI, et al. JCEM, 2002

Vascular Reactivity and PCOS

+ Elevated PWYV at the brachial artery was
noted in the PCOS group, suggesting
reduced vascular compliance.

+ The control population, although weight
matched, was significantly younger than
the PCOS group.

Kelly CI, etal. ICEM, 2002

Coronary Artery Calcification

+ Coronary artery calcification may be an early
sign of significant cardiovascular disease.

+ This can be measured non-invasively by
electron beam computed tomography (EBCT)

+ Women 30 to 45 years old with PCOS were
comparedto BMI-matched controls by EBCT.

183




Hoeger

Coronary Artery Calcification
(CAC)

Wast circum ference, BMIL total
cholesterol and LDL predicted presence
of CAC

Chnstianet al, JCENM 2003

Coronary Artery Calcium and
PCOS

+ 24 women with mean age of 32 years and
BMI of 36 with PCOS were compared with
24 control women with mean age of 36
years and BMI of 35.

» Coronary artery calcium measured by
multislice CT.

Shroff et al JCEM 2007

Coronary Artery Calcium and
PCOS

P<0.03

Cornary aneny calciem found

Shioff o ol JCEM 2007
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Carotid Intima-Media
Thickness (IMT) and Age

'I.'l.lll

3038 4044 4548 =50

Talbott et al. Artenoscler Thromb Vasc Bial 2004

Carotid Intima-Media Thickness

+ Talbott et al. studied 47 women with
PCOS and 59 age-matched controls with a
mean age of 49 years.

» Carotid artery intima-media thickness was
measured.

+ Mean BMI was 32 in PCOS women and
26 in controls.

Talbott et al. JCEM 2004

Carotid Intima-Media Thickness

P=0.005

In & multkBnear isgression model, Carotid IMT

cantralling for BMI, PCOS s il

assacialed with Increased IMT,

althcugh the affect is mediated Talboll af al JCEM 2004
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PCOS and Cardiac Function

30 women with PCOS and 30 weight-matched
controls with @ mean age of 24 years were
studied with echocardiography.

Mean BMI was 28.7 in the PCOS women and
27.3in the controls.

PCOS women demonstrated greater fasting
insulin levels, HOMA scores and lipid parameters.

Diastolic blood pressure (BP) was 5 points (72 vs.
67) higher, but no difference was seen in SBP.

Orio et al JCEM, 2004

PCOS and Cardiac Function

PCOS Controls

Left ventricle (LV) systolic |26.6* 23.0
diameter

Interventricular (1V) 8.3* 6.7
septum thickness (mm)

LV posterior wall 8.1* 6.6
thickness

LV mass index (g/m2) 80.5* 56.1
Left atrium size 32 27.4

Left ventricular ejection 64.4* 67.1
fraction (LVEF) (%)

Orio et al JCEM, 2004 'p<0.01

PCOS and Cardiac Function

In contrast, Kosmala et al. studied 52 women
with PCOS and 54 women without PCOS or
insulin resistance with BMIs of 38 and 36 kg/m?,
respectively.

They did not find any differences between LV
size, mass index, ejection fraction or IV septum
thickness.

Womenwere all non-smokers and were
excludedfor any pre-existing cardiovascular risk
factor, such as hypertension or diabetes.

Kosmala et al JCEM 2008
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PCQOS and Cardiac Function

» They did find, however, that peak systolic

strain rate, as well as peak early diastolic

strain rate, was impaired in the PCOS
women.

+ There was no relationship with androgens

in this study, but rather any differences

were primarily associated with BMI and
fasting insulin.

Kosmala et al JCEM 2008

Metabolic Syndrome

+ Metabolic syndrome is characterized by central

adiposity, low HDL cholesterol, increased
triglycerides, hypertension and central adiposity.

+ Several reports indicate that up to 43% of non-

diabetic women with PCOS have metabolic
syndrome, characterized by at least 3 abnormal

findings.

+ This prevalence is influenced by obesity.

Metabolic Syndrome (MS)

» Dokras et al. reported a retrospective

review of women with PCOS compared

with controls and a national database

» The age-adjusted prevalence of MS was

47.3% in PCOS, 4.3% in controls and
23.4% in the National Health and Nutrition

Examination Survey (NHANES).

Dokras, et al Obstet Gynecol 2005
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Metabolic Syndrome and PCOS

Dokras, ot ol Obstel Gynacol 2005

Metabolic Syndrome in Adolescent
Women with PCOS

+ 43 obese adolescent women with PCOS
and 37 control adolescents who were age-
and weight-matched were compared for
metabolic markers.

+ All were overweight, with a BMI percentile
of 97.7 and 97.5, respectively.

+ Mean age was 15.6 and 14.8 years,

respectively.
p y Rossi et al JCEM 2008

Metabolic Markers

PCOS Controls
Waist 108 105
circumference
(cm)
CRP (mg/L) 5.3 3.5
Total CH (mg/dL) (164 154
LDL 114 107
HDL 39 40
TG 90 90
PAI-1(ng/mL) 52.4% 37.1

Rossi et al JCEM 2008
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Metabolic Syndrome

Prevalence
s =1 =
.lr' NS — —— ]
Metabolic syndrome, % ) M TE ETE EphaE =

Ol = gioraee
Rostled ol JCEM 2008

Metabolic Syndrome Features and
Visceral Adipose Tissue

190 | L]

Humiber of leatwres of WS

Rostled ol JCEM 2008

Metabolic Syndrome and PCOS

« Coviello et al. studied 49 PCOS adolescents,
with a mean age of 17 years and BMI| of 32,
and comparedthemto 165 adolescents
matched from the NHANES Il database
(meanage 15 years and BMI 23).

+ Metabolic syndrome was detected in 37% of
adolescents with PCOS and 5% in the
NHANES set, using criteria of Cook, et al.

Coviello, et al JCEM 2006
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PCOS and Cardiovascular
Disease

» What do these findings of adverse cardiovascular
risk parameters indicate for risk of cardiovascular
events?

+ Despite the increased prevalence of these risk
factors and early preclinical disease, there is yet
little data to support an increase in cardiovascular
morbidity/mortality.

« Thisis in part because the population studies are
conducted in a younger age group than that at
which the disease typically presents.

Metabolic Syndrome and CRP

Shaw, ol al JCEM 2008

Treatment of Cardiovascular Risk
Factors in PCOS

+ Obesity is a major contributor to cardiovascular disease
risk in PCOS.

+ Lifestyle modification has been shown to be beneficial in
the management of diabetes risk (Diabetes Prevention
Program).

+ Lifestyle modification with modest weight reduction may
improve ovulation rates in PCOS.

+ There are no prospective trials looking specifically at
cardiovascular disease prevention in PCOS.
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Diabetes Prevention Program
(DPP) Model

* The progression rate to diabetes from impaired
glucose tolerance (IGT) was significantly
improved with both lifestyle interventionand
metformin therapy in the DPP.

+ Improvementin cardiovascular risk factors
(primarily lipid profile) was also noted in the
lifestyle treatment arm only if reversion to normal
glucose tolerance was seen (p<0.001).

Goldberg et al, Diabetes Prevention Program Research group,
Diabetes Care, 2009

Lifestyle Modification: Impact on
Cardiovascular Risk Factors

+ |In addition to improvement in lipid profiles
and decrease in conversion to diabetes,
the lifestyle intervention program of the
DPP was also demonstrated to reverse
the presence of metabolic syndrome by
41%, particularly with respect to blood
pressure and triglyceride levels.

Orchard et al Ann Int Med, 2005

Pre-clinical Disease

+ In a study of 30 ocbese premenopausalwomen,
an intensive weight management program
resultedin a 16% reduction in overall weight.

* Improvementin all cardiovascular parameters
was noted, including BP and lipids.

+ In women with a sustained weight reduction at 5
months, a 13% reduction in carotid intima-media
thickness was noted over baseline.

Mavri, et al Obesity Research, 2001
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Lifestyle Interventions in PCOS

+ Most trials measuring weight reduction in PCOS
have not focused on cardiovascular risk
parameters.

+ Lipid profiles improve in a majority of (but not all)
trials, which are generally small

+ Arecent randomized trial of diet, diet and
aerobic exercise, and diet and resistance
training in PCOS suggested dietary efforts were
the main factor in improvement.

Thompson et al JCEM 2008
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Insulin Sensitizers

* No large-scale trials of metformin have
been published to address the
cardiovascular risk factors in PCOS.

« A meta-analysis of 13 smaller studies
suggested improvement in BP and LDL
cholesterol, independent of weight loss
(Lord et al BMJ, 2003).

Insulin Sensitizers
Metformin and Endothelial Function
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Oral Contraceptives versus
Metformin

+ Randomized trial of oral contraceptive
(OC) with cyproterone acetate or
metformin, 1700 mg for 24 weeks

+ 34 overweight women with PCOS were
studied.

+ Lipid profiles were compared.

Luque-Ramirez et al JCEM 2007

OC versus Metformin
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PCOS and Risk of
Cardiovascular Disease

» |n most studies, women with PCOS demonstrate
higher incidences of:

— Obesity

— Diabetes

— Abnormal lipid profiles

— Hypertension

— Inflammatory markers of cardiovascular disease
— Pre-clinical disease
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Conclusions

Conclusive evidence of increased risk of

cardiovascular events is not yet available;
however, current evidence suggests this

may be the case.

Treatment of cardiovascular risk factors
improves the overall cardiometabolic risk
in PCOS.

Conclusions

No long-term, large-scale trial of treatment for
cardiovascular risk endpoint exists in PCOS.

Data available from small trials in PCOS, as well as
general population studies, indicate lifestyle modification
is most effective for women with obesity.

Oral contraceptives may not significantly worsen risk in
normal-weight women.

Unclear role of metformin.
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MENOPAUSE: IT'S DIFFERENT IF YOU HAVE PCOS

Nanette Santoro, M.D.
Professor of Obstetrics, Gynecology and Women's Health
Director of Reproductive Endocrinology
Albert Einstein College of Medicine
Department of Obstetrics, Gynecology and Women'’s Health
Reproductive Endocrinology Obstetrics
Bronx, New York

LEARNING OBJECTIVES
At the conclusion of this presentation, participants should be able to:

1. Describe the general pattern of the menopausal transition in women with polycystic
ovary syndrome (PCOS).

2. Examine the relationship between PCOS and cardiovascular disease risk.

3. Develop a strategy for clinical management of the menopausal woman with PCOS.
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Develop a strategy for clinical management of the
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PCOS: Definitions

Oligo-famenorrhea (<6 menses/yr)
Hyperandrogenism
Rule out other causes
+/-
Polycystic appearance of ovaries

Definitions may not be useful as women
approach menopause

Hypotheses for the Genesis of PCOS

Increased complement of ovarian follicles
compared with normally cycling women
Concomitant increase in inhibin
Increased millerian inhibiting substance (MIS)

« Canthese lead to failure of follicle growth through
inhibitory pathways?

The Inhibin Hypothesis

INH-B
= FsH

—
Age 12 Ape 14 Ape 36 Agpe 45

Santoro
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Does Perimenopause Correct the

FSH Deficit in PCOS?

IfFPCOS women have more follicles, and part of
their anovulation is due to chronic FSH
suppression, the inhibin hypothesis predicts a
return of menstrual cyclicity when ovarian
reserve reaches a low enough level.

Dahlgren et al., F/S1992; 57:505

33 wedge-resection (pathology-proven) PCOS
Aged 4o-59 years

‘Considerable spontaneous restitution of cycle
length over time'

More hysterectomies than population controls
Later menopause than population controls
Role of wedge resection?

Elting et al., Human Reproduction

2000; 15:24

205 PCOS, not on oral contraceptive pill
(OCPs), age »30 years
Menses less frequent than every 6 weeks
History of diagnosis of PCOS
Questionnaires re: menstrual cycle length
Linear trend to shorter intermenstrual interval
(IMI}with age
Independent of body mass index (BMI)
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Winters, F/S 2000; 73:724

84 women with PCOS ages 20-57 years

37 age-matched controls

Testosterone (T) decreased by 50% across
menopausal transition

T did not differ from controls ages 42-47 years.

Elting F/S 2003; 79:1154

Samplesize = 24 women with PCOS

Of those who became more regular:
Inhibin B was lower
Androgens were reduced

« Less responsive to exogenous follicle-stimulating
hormone ovarian reserve test (EFFORT)

Lower follicle count

PCOS and Ovarian Reserve:

Summary

Evidence exists for a beneficial effect of low
ovarian reserve on menstrual cyclicity in
PCOS.

Expect reqular cycles.

Beware late-life pregnancies in women who
believe they cannot conceive.

Effect independent of obesity and linked to
ovarian reserve markers.

Santoro
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What Happens to CVD Risk After

Menopause in Women with PCOS?

Azziz, JCEM 2004; 89:2745
4oo pre-employment physicals at the
University of Alabama at Birmingham (UAB)
6.6% of women met criteria for PCOS

BUT
Risk pool for cardiovascular disease (CVD) is
much larger than 6.6% of the population.
What drives CVD risk in PCOS?

Hormonal Associations in Obesity
and the Metabolic Syndrome

Increased free and total T

Decreased sex hormone-binding globulin
(SHBG) [increased free androgen index (FAI)]
Insulin resistance [homeostasis model
assessment (HOMA)]

Increased blood pressure (BP)

Increased waist circumference (>88 cm)
Dyslipidemia

Reproductive hormonal changes similar in
obesity and PCOS5

Does PCOS Lead to Excess

Cardiovascular Risk After Menopause?

Premature acceleration of risk
« Dyslipidemnia (Wild)

« Type 2 diabetes mellitus (DM) and insulin
resistance (IR} (Dunaif, Ehrmann, Legro)

« Dahlgren: predicted (but did not observe) 7.4 RR
of CVD in PCOS women based on risk factors

« Dbesity—not a universal feature of PCOS, may be
an effect modifier

* Follow-up studies of strictly defined PCOS do not
find more coronary death (Pierpoint, Wild).
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Irregular Cycles Predict CVD

Kaplan (Menopause 2008; 15:768)
Precocious acceleration of CVD

Linked to all types of cycle dysfunction

Subclinical disease may be present in many more
women and increase risk

Precocious Acceleration of Plaque

Guzick1ggb 16 CIMT 63.2% vs. 42%
Cibula 2000 28 Typez DM 32% vs. 8%
Talbott, 2008 149 CAC=>10

63% PCOS vs. 1% non-PCOS

Evidence for Increased Risk

Many studies come from mixed age
populations with small samples truly
menopausal.

Many studies do not control for BMI or
findings become not statistically significant
(NS) after controlling for BMI.

Many epidemiological studies diagnose
elevatedT and irregular self-reported menses
as PCOS.

Santoro
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Elting, Clin Endo 2001; 55:767

M =346 women with PCOS aged 17-56 years;
phone interview

Type2DM 2.3%

High blood pressure (HEBP) g%
* CVDo.g%

All higher than Dutch population controls

* Median BMI, 24.4 kg/m?

Krentz, Menopause 2007; 14:284

713 post-menopausal white women
Mean BMI 24 +/-3.5 kg/m?
Definition of PCOS
History of irregular menses
Increased androgens
Infertility or miscarriage
Ohesity
Insulin resistance
g.3% of women ‘defined’ with PCOS
CVD risk similar in PCOS vs non-PCOS5, but
increased with more features of PCOS

Korhonen, F/S 2003; 79:1327

M = 543 women 34-54yearsold

63 with metabolic syndrome (MS)
Increased FAl
Increased BP
Decreased insulin sensitivity

« Allinthe absence of PCOS
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besity, Increased T and Irregular
en

ses Do NOT Equal PCOS

O
M

Shaw: Women's Ischemia Syndroame Evaluation

(WISE) study (n=3g0 pre-menopausal women;

104 with PCOS)

* IncreasedT associated with irregular menses
g-year CVD survival 78.9% vs, BB.7%

* Hazard ratio (HR) of 3.3 unadjusted

* HR decreased to 1.6 when adjusted for age and BMI

* PCOS defined by elevated current T and irregular
menses by history.

Santoro

FIG. 1. Average hs-CRP Values (g5% Cl) for Women With and
Witheut Clinical Features of PCOS
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FIG. 3. Cumulative Unadjusted CV Death or Myocardial Infarction
{MI)-free Survival in Poestmenopavsal Women With or Without
Clinical Features of PCOS (P = 0.006)
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Enter the Study of Women's Health

Across the Nation (SWAN)

Cohort study of 3,302 perimenopausal
women aged 42-54 years at baseline
Criteria included at least one menstrual
period within past 3 months

No assessment for hirsutism or polycystic
ovaries by ultrasound (U/S)

Severe PCOS unlikely to be included

FIG. 2. The Relationship of Individual Hormone Parameters to the
Metabolic Syndrome
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FlG. 1. Scatterplots Depicting the Relationship of Androgens to
BMI
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Disentangling PCOS from Obesity

Does central obesity drive the CVD

phenotype?
Similar risk profile without PCOS and with

metabolic syndrome

Do non-PCOS women 'catch up’ to PCOS

women after menopause?

Estrogen may mitigate PCOS adverse effects

on endothelium in reproductive years

The Role of Testosterone

Increased in obesity

17-beta-hydroxysteroid dehydrogenase (HSD] in
adipoctyes favors androgen production

Reduced metabolic clearance may occur

Reduces insulin sensitivity

Increases BP

May adversely affect endothelial function
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Evidence Against PCOS as a Distinct Risk

for Postmenopavusal Cardiovascular Disease

Wild: 3.7 OR for positive cardiac
catheterization when hirsutism present
Effect of hirsutism not statistically significant
aftermultivariate adjustment
Birdsall: Coronary artery disease (CAD)
predicted PCOS
But 3% of sample had PCOS!

Androgens and anovulation not used to define
PCOS

Current Models

Do not explain the relationship between
obesity and T in the absence of PCOS

Do not account for the decrease in T with
menopausein PCOS

Management of the

Perimenopausal Woman with PCOS

Weight control

Maintain physical activity

Address nutritional deficiency (Vitamin D;
Thys-Jacobs)

Address insulin resistance aggressively!
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Weight Control

Caloric restriction

Physical activity

Consider weight loss surgery when:
BMIi=35
BMI<35 but other risk factors (type 2 DM)

Address Insulin Resistance

DPP, 2006
Metformin as effective as weight loss and

exercise in women >40 years old
PCOS = 'pre-diabetic condition’
Indicated use for metformin

Summary

PCOS appears to be characterized by a return
to normal cyclicity in the twilight of
reproductive life,

Reqularity is related to ovarian reserve.

A temporary window of ovulation and normal
cyclicity results.

Santoro
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Summary

PCOS, as well as other irregularly cycling
women, appear to be at increased risk of CVD.
Obesity seems to drive this phenotype.
Obesity is linked to increased androgens in the
absence of PCOS,

PCOS and non-PCOS related obesity are
currently commingled conditions in the
medical literature,

Summary

Insulin resistance at any age is a predictor of
CVD risk.

Aggressive treatment of IR in the aging
woman with PCOS may help avert future risk.
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Course #13 Test Questions

1. A 2l-year-old woman presents with concerns about irregular menses. She reports
menarche at age 15 with irregular menses since then. She has menstrual cycles every 3-4
months and has been given progestin therapy in the past with positive withdrawal menses.
She has no evidence of hirsutism or acne on exam. Her BMI is 22 kg/m2 with a normal body
habitus. The hormonal pattern reveals normal TSH, and prolactin and androgen levels are in
the normal range. A pelvic ultrasound is ordered and a multifollicular pattern with 12 follicles
is noted in a single field. Ovarian volume averages 12 mL. She should be advised of which
one of the following?

a. By the NIH criteria as well as Rotterdam criteria, her findings are consistent with a
polycystic ovary syndrome (PCOS) diagnosis.

b. She does not meet the diagnostic criteria for PCOS.

c. She meets a diagnosis of PCOS by Rotterdam criteria, but her risk of metabolic
consequences is uncertain.

d. She would benefit from metformin therapy for her irregular cycles.

e. Results of a two-hour glucose tolerance test are needed for Rotterdam criteria
assessment.

2. All diagnostic criteria agree that polycystic ovary syndrome is which one of the following?

An autosomal dominant genetic disorder.

Caused by hypothalamic pituitary dysfunction.

A result of insulin resistance.

An ovarian disorder.

A diagnosis that requires the presence of polycystic ovaries.

PoooTR

3. A 40-year-old woman, G2P2, with polycystic ovary syndrome (PCOS), presents to the office
to discuss management. She was diagnosed with PCOS as a young adult and has
completed her childbearing. She has been using oral contraceptives for management of her
menstrual cycles and has generally tolerated this well. Her body mass index (BMI) at the
visit is 26.7 kg/m? with a recent weight gain of 10 Ibs. Her blood pressure is 130/86. She
would like to know her long-term risk of health problems and whether she should be on
other therapeutic regimens. She should be advised of which one of the following?

a. Her current management with oral contraceptives is adequate, as she is desirous of
contraception and her menstrual cycles are well-controlled with this regimen.

b. Risk of cardiovascular disease is increased in women with PCOS and treatment with
insulin sensitizers should be started.

c. Her use of oral contraceptives is contraindicated at this time due to her increased
risk for cardiovascular complications.

d. Cardiometabolic risk is increased in PCOS, and a current lipid panel and oral
glucose tolerance test are indicated.

e. Use of statin therapy is indicated due to her increased risk for cardiovascular
disease.

(continued)
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A 28-year-old nulliparous woman with polycystic ovary syndrome is undergoing GnRH
antagonist/follicle-stimulating hormone (FSH) therapy for in vitro fertilization. Her baseline
pelvic ultrasound shows bilateral polycystic ovaries and she is experiencing
hyperresponsiveness to the ovarian stimulation. You use the GnRH trigger to induce
ovulation in an attempt to reduce the risk of ovarian hyperstimulation syndrome. Which one
of the following regarding use of the GnRH trigger to induce ovulation is true?

There is an increase in the total numbers of oocytes retrieved.

There is a decrease in the fertilization rate of oocytes.

There is an increase in the proportion of mature oocytes.

There is a decrease in endogenous progesterone production.

There is an increase in endogenous estrogen production.

GRS TN S i

A 30-year-old nulliparous Caucasian woman complains of moderate hirsutism. Her
menstrual cycles occur every 3 months. She is obese with coarse terminal hairs over her
upper lip, chin, sternum and lower abdomen. Serum testosterone is mildly elevated and
thyroid function studies, as well as prolactin, 17-hydroxyprogestone and
dehydroepiandrosteone sulfate are normal. Which one of the following is MOST likely to
provide the most rapid benefit for this woman's hirsutism?

a. Eflornithine

b. Combination oral contraceptive
c. Spironolactone

d. Electrolysis

e. Flutamide

A 20-year-old nulliparous Caucasian woman complains of facial hirsutism. Menarche
occurred at 12 years of age and her menstrual cycles occur every 50-60 days. Past medical
history is significant for a congenital adrenal virilizing tumor that was completely removed by
surgery after birth. Vital signs are normal and physical examination shows hirsutism. Pelvic
examination shows clitoromegaly without genital ambiguity. Which one of the following
hormone abnormalities is most likely to exist?

Elevated cortisol

Elevated dehydroepiandrosterone sulfate

Elevated luteinizing hormone

Reduced androstenedione

Reduced antimillerian hormone

RS TN S i

For an overweight woman with polycystic ovary syndrome and no other infertility factors, the
first-line therapy for ovulation induction to treat infertility is which one of the following?

a. Clomiphene citrate

b. Metformin

c. Clomiphene citrate and metformin
d. Letrozole

e.

Lifestyle therapy

Assuming no contraindications, which one of the following drugs has the best evidence to
support a favorable risk-benefit ratio for use in the long-term treatment of polycystic ovary
syndrome?

a. Metformin

b. Rosiglitazone

c. Atorvastatin (continued)
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d. Orlistat
e. Exenatide

9. Which one of the following reproductive hormonal changes is MOST LIKELY to be
associated with the menopausal transition in women with polycystic ovary syndrome?

More frequent menstrual cycles

Decreased follicle-stimulating hormone (FSH)

Temporarily increased inhibin B

A sudden decrease in mullerian-inhibiting substance (MIS)

Increased hirsutism

PO o

10. By the time of menopause, the prevalence of type 2 diabetes mellitus in women with
polycystic ovary syndrome is:

a. 10%
b. 20%
c. 30%
d. 40%
e. 50%

11. Which one of the following markers of cardiovascular disease risk is MOST likely to be
increased in a woman with polycystic ovary syndrome?

Glucose to insulin ratio

Coronary artery calcification

Carotid intimal medial thickness

Homocysteine

Serum amyloid A

PO TR

12. One potential drawback of a genome-wide association study is:
Bias in selection of genetic markers.

A study design that mandates replication.

Matching for population stratification.

False positives due to multiple testing.

Identification of non-candidate genes.

®Poo o
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