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I n t r o d u c t io n

• L o w  ovarian res pons e :

L a c k  o f u n i f o rm  d e f in i t io n  

D if f ic u l t y  in  c o m p a r in g  t r e a tm e n t o u t c o m e s

• T e s t s  fo r  ovarian res erve :

A c tu a l o v a r ia n  r e s p o n s e  to  s t im u la t io n

R e a s o n a b le  c a p a c i t y  t o  p r e d ic t p o o r  r e s p o n s e

L o w  a b i l i t y  t o  p r e d ic t t h e  o c c u r r e n c e  o f 
p r e g n a n c y



• P o o r  r e s p o n d e r s

G e n e r a l ly  r e s is t a n t t o  a  m u l t i t u d e  o f in t e r v e n t io n  
s t r a t e g ie s

S o m e t im e s  d i f f ic u l t t o  id e n t i f y  b e fo r e  c o n t r o l le d  
o v a r ia n  h y p e r s t im u la t io n

• P o o r  r e s p o n s e  to  C O H

↓ E 2  &  fo l l ic le  r e s p o n s e  to  g o n a d o t r o p in s

↓ n u m b e r  o f r e t r ie v e d  o o c y t e s  &  a v a i la b le  
e m b r y o s  fo r  t r a n s f e r



O v a r ia n  S t im u la t io n  P r o t o c o ls

• S e v e r a l a r e  p r o p o s e d  to  im p r o v e  IV F  o u t c o m e s  
in  p a t ie n t s  w i t h  lo w  o v a r ia n  r e s p o n s e

• S o m e  m a y  e n h a n c e  th e  o v a r ia n  r e s p o n s e

• N o n e  h a v e  d e m o n s t r a t e d  a  s ig n i f ic a n t 
im p r o v e m e n t in  p r e g n a n c y  r a t e s



A n ta g o n is t p r o to c o ls

• L u te a l-p h a s e  e s t r a d io l (E 2 ) a n d  g o n a d o t r o p in  
r e le a s in g -h o rm o n e  (G n R H ) a n ta g o n is t s  b e fo r e  
g o n a d o t r o p in  s t im u la t io n

S y n c h r o n iz a t io n  o f e a r ly  a n t r a l f o l l ic le  g r o w th  in  
th e  lu t e a l p h a s e  b e fo r e  C O H  

S u b s e q u e n t in c r e a s e  in  o o c y t e  

Im p r o v e m e n t in  p r e g n a n c y  r a t e s



• E s t r o g e n  

P r e v e n t lu t e a l F S H   ↑
M a y  a ls o  ↑ s e n s i t iv i t y  

t o  g o n a d o t r o p in s

• L u te a l G n R H  
a n ta g o n is t 

I n d u c e s  lu te o ly s is  &  
p r e v e n t s  th e  F S H   ↑

L o w e r  b a s a l F S H  a n d  
in h ib in  le v e ls

↓ s iz e  a n d  v a r ia b i l i t y  
in  th e  d ia m e te r  o f 
a n t r a l f o l l ic le s



A r o m a ta s e  in h ib i t o r s  (A Is )

• R e c o g n iz e d  b y  M itw a l ly  e t a l. 

• F e w  s tu d ie s  s o  fa r  h a v e  u s e d  in  lo w  r e s p o n d e r s

• Aromatase (in Fibroblasts, Osteoblasts, liver, 
breast):  
 ⇨ Androstendione  estrone
 ⇨ Testosterone  E strodiol



A r o m a ta s e  in h ib i t o r s  (A Is )

• C e n t r a l m e c h a n is m : E 2                      h y p o th a la m u s

A u g m e n t fo l l ic u la r  g r o w th

R e le a s e  e n d o g e n o u s  g o n a d o t r o p in s  ( F S H )↑  r -
F S H  chemically different (carbohydrate moiety)

• P e r ip h e r a l m e c h a n is m : 

A c c u m u la t io n  o f in t r a -fo l l ic u la r  a n d r o g e n  s u b s t r a t e

 ⇨↑F S H  r e c e p t o r s  e x p r e s s io n 、 in t r a o v a r ia n  fa c t o r s

    (Gn surge attenuating factor premature LH 
surge)

   ↑ R es pons e to g onadotropins

n e g a t iv e  
fe e d b a c
k



A r o m a ta s e  in h ib i t o r s

• A lt e r n a t iv e  o v u la t io n -in d u c t io n  a g e n t s

• A lo n e  o r  a d ju n c t t o  g o n a d o t r o p in s

• W ith o u t a p p a r e n t a d v e r s e  e f f e c t o n  
e n d o m e t r iu m  (a s  a n t ie s t r o g e n  th e r a p ie s / 
C lo m if e n e  c i t r a t e )

• A Is  +  r-F S H  in  IV F  c y c le s    ↓t h e  to t a l d o s e  o f 
g o n a d o t r o p in s    ↓c o s t o f IV F  (a ls o   ↓O H S S )



• L e t r o z o le /a n ta g o n is t p r o t o c o l (L A )  
lu t e a l E 2 /G n R H  a n ta g o n is t p r o to c o l (L P G ) 

 in  w o m e n  w h o  h a d  e x h ib i t e d  lo w  o v a r ia n  
r e s p o n s e  in  p r io r  IV F  a t t e m p t s



M ATE R IALS  AN D  
M E TH ODS



P a t ie n t s

• R e t r o s p e c t iv e  c o h o r t s t u d y

• U n iv e r s i t y  o f C o n n e c t ic u t in s t i t u t io n a l r e v ie w  
b o a r d

• J a n u a r y  2 0 0 9  ~ O c to b e r  2 0 1 0

• 9 9  lo w -r e s p o n d e r  p a t ie n t s , < 4 2  y e a r  o ld

–≧ 2 p r io r  o v a r ia n  s t im u la t io n  c y c le s  a t a  
s ta r t in g  d o s e  o f g o n a d o t r o p in s  ≧ 3 0 0  IU   < 
5  o o c y t e s  

– O n e  p r io r  c y c le  c a n c e l la t io n  d u e  to  lo w  
fo l l ic u la r  r e c r u i tm e n t (a f t e r  1 0  d a y s  o f 
s t im u la t io n ,  3  fo l l ic le s ,  1 5  m m  in  d ia m e te r )≤ ≥



• P r io r  f a i le d  c y c le s : G n R H  a g o n is t d o w n -
r e g u la t io n , G n R H  a n ta g o n is t , a n d  m ic r o d o s e  
le u p r o l id e

• N o  p r io r  o v a r ia n  O P  o r  e x p o s u r e  to  C /T  o r  R /T  

• F le x ib le  a n ta g o n is t p r o t o c o l

– L u te a l E 2  p a t c h  a n d  G n R H  a n ta g o n is t (L P G )

– E a r ly  f o l l ic u la r  le t r o z o le  w i t h  n o  lu t e a l 
p r e t r e a tm e n t (L A )

• E a c h  p a t ie n t  s in g le  c y c le   n o  c r o s s o v e r  

• A s s ig n m e n t o f p r o t o c o l a s  p h y s ic ia n ’s  d is c r e t io n





S t im u la t io n  P r o to c o ls
L P G  g r o u p  (n = 5 2 )

P r e v io u s  c y c le

•D a y  1 0  a f t e r  t h e  L H  s u r g e   In i t ia t e d  
T r a n s d e rm a l E 2  (Vivelle Dot 0.1 mg; Novartis, Miami, 
FL) e v e r y  o th e r  d a y

•1 1 t h  d a y   b e g a n  d a i ly  a d m in is t r a t io n  o f g a n i r e l ix  
a c e t a t e  (Ganirelix; Organon Pharmaceuticals, Roseland, 
NJ), 0 .2 5  m g  S C  fo r  3  c o n s e c u t iv e  d a y s

E n s u in g  m e n s e s

•D a y  2   C h e c k  F S H , L H , E 2  le v e ls , b a s e l in e  
e c h o  

•R e m o v e  la s t E 2  p a t c h



• S ta r t o v a r ia n  s t im u la t io n  (H ig h -d o s e  
g o n a d o t r o p in s )

Average of 4 5 0  IU  r -F S H  (Gonal F; S erono, 
Rockland, MA)

1 5 0  IU  o f h M G  (human menopausal gonadotropin, 
Menopur; Ferring Pharmaceuticals, Tarrytown, NY)

• L e a d  fo l l ic le  1 3  m m  o r  i f E 2  >3 0 0  p g /m L  ≥
R e s ta r t G a n ir e l ix  (p r e v e n t a  p r e m a tu r e  L H  
s u r g e )

continued until the day of hCG administration
•  ≥3  le a d  fo l l ic le s  w i t h   1 7 -m m  m e a n  d ia m e te r  ≥

h C G  5 ,0 0 0 – 1 0 ,0 0 0  IU  S C  (human chorionic 
gonadotropin)



S t im u la t io n  P r o to c o ls
L A  g r o u p  (n = 4 7 )

S p o n ta n e o u s  m e n s t r u a t io n  

•D a y  2 : In i t ia t e  L e t r o z o le  (Femara; Novartis, East 
Hanover, NJ) 5  m g /d a y   c o n t in u e d  fo r  5  d a y s

•D a y  5 : c o m m e n c e  4 5 0  IU  r -F S H  a n d  1 5 0  IU  h M G  

•S ta r t g a n ir e l ix  a s  L P G  p r o t o c o l

•c r i t e r io n  fo r  h C G :   2  fo l l ic le s ,  2 0 -m m  d ia m e te r≥ ≥



a f t e r  h C G

• 3 5  h r s   T V O R  (Transvaginal oocyte retrieval) 
 O o c y t e  in s e m in a t io n  o r  IC S I (in t r a c y t o p la s m ic  
s p e rm  in je c t io n ) a s  in d ic a t e d

• 3 r d D a y   a l l e m b r y o s  w e r e  t r a n s fe r r e d

• L u te a l p h a s e  s u p p le m e n ta t io n : 

P r o g e s t e r o n e  5 0  m g  IM  d a i ly

– F r o m  th e  e v e n in g  a f t e r  o o c y t e  r e t r ie v a l

– u n t i l n e g a t iv e  p r e g n a n c y  te s t o r  c o n f i rm e d  
c l in ic a l p r e g n a n c y  (IU P  w i t h  F H B )



• P r im a r y  o u t c o m e  m e a s u r e

– O n g o in g  p r e g n a n c y  r a t e  (>2 0  w e e k s ’ 
g e s t a t io n ) p e r  s t a r t e d  c y c le

• S e c o n d a r y  o u t c o m e  m e a s u r e s :

– C a n c e l la t io n  r a t e

– N u m b e r  o f o o c y t e s  r e t r ie v e d  a n d  t r a n s f e r a b le  
e m b r y o s

– Im p la n t a t io n  a n d  c l in ic a l p r e g n a n c y  r a t e s



S ta t is t ic a l A n a ly s is

• S ta t is t ic a l P a c k a g e  fo r  t h e  S o c ia l S c ie n c e s  
(r e le a s e  1 7 .0 ; S P S S  In c ., C h ic a g o , IL )

• S tu d e n t ’s  t-t e s t -- c o m p a r is o n  o f c o n t in u o u s  
v a r ia b le s

• C h i-s q u a r e  o r  F is h e r ’s  e x a c t t e s t -- c o m p a r is o n  
o f p r o p o r t io n s

• P <.0 5  -- c o n s id e r e d  s t a t is t ic a l ly  s ig n i f ic a n t

• D a ta  w e r e  e x p r e s s e d  a s  m e a n   s ta n d a r d  
d e v ia t io n



R E S U L T S



• 4 1 x  in  L A (4 7 x ) g r o u p  (8 7 .2 % ) &  4 3 x  in  L P G (5 2 x ) 
g r o u p  (8 2 .7 % ) h a d   o n e  p r io r  c y c le  c a n c e l la t io n  ≥
d u e  to  p o o r  fo l l ic u la r  r e c r u i tm e n t

• P a t ie n t s  w i t h  n o  p r io r  c y c le  c a n c e l la t io n s  h a d   ≥
tw o  p r e c e d in g  IV F  c y c le s  w i t h  r e t r ie v a l o f < f iv e  
o o c y t e s  a n d  n o  p r e g n a n c ie s



• 3 6 x  (7 6 .6 % ) in  L A  u n d e r w e n t a  p r io r  o v a r ia n  
s t im u la t io n  u s in g  th e  L P G  p r o t o c o l
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• I n  th e  L A  g r o u p

• 2 x   p r e g n a n c y  a f t e r  in t r a u t e r in e  
in s e m in a t io n

• 3 x  m u l t i f e t a l g e s ta t io n  (2 x  tw in s , 3 x  t r ip le t s ) 

• 3 8 x  n o t a c h ie v e  a n  o n g o in g  p r e g n a n c y
• 3 1 x  r e f e r r e d  to  d o n o r  o o c y t e  p r o g r a m  o r  
o p te d  fo r  n o  f u r t h e r  t r e a tm e n t

• 7 x  d e c id e d  to  a t t e m p t a n  a d d i t io n a l IV F  c y c le  
 6 /7  w e r e  c a n c e le d



DIS C U S S ION



• P o o r  r e s p o n s e  to  C O H    ↓f o l l ic u la r  r e s p o n s e  in  
q u a n t i t y   r e t r ie v e d  lo w e r  n u m b e r  o f o o c y t e s

 ⇨ A  m a jo r  c o n c e r n  in  a s s is t e d  r e p r o d u c t io n

 ⇨ T h e  b e s t t r e a tm e n t o p t io n  r e m a in s  c o n t r o v e r s ia l

• L u te a l s y n c h r o n iz a t io n  o f f o l l ic u la r  g r o w th   ↑ 
y ie ld  o o c y t e  … . deZiegler et al.

• U s e  o f lu t e a l E 2 /a n ta g o n is t   ↓c a n c e l la t io n  
r a t e , ↑ n u m b e r  o f r e t r ie v e d  o o c y t e s  a n d  e m b r y o s  
t r a n s f e r r e d …  Dragisic et al.



A n d r o g e n

• S t im u la t e s  th e c a /g r a n u lo s a  c e l l p r o l i f e r a t io n  &  
in h ib i t s  a p o p t o s is   ↑ p r e a n t r a l &  s m a l l a n t r a l 
f o l l ic le s

• A c c u m u la t io n  o f f o l l ic u la r  a n d r o g e n s   ↑ F S H -R  
g e n e  e x p r e s s io n  o r  s t im u la t e  IG F -I (in s u l in -l ik e  
g r o w th  fa c t o r  1 ) s y s t e m   m a y  a c t in  s y n e r g y  
w i t h  F S H   p r o m o te  fo l l ic u la r  s t e r o id o g e n e s is  
 ↑ fo l l ic u la r  s e n s i t iv i t y

• S o m e  r e p o r t s : b e fo r e  F S H  t r e a tm e n t  
T r a n s d e rm a l t e s t o s t e r o n e    ↑o v a r ia n  r e s p o n s e





L e t r o z o le

• 3   r d g e n e r a t io n  h ig h ly  s e le c t iv e  n o n -s te r o id a l A I 
use in postmenopausal women with breast 
cancer

• C o m p e t i t iv e ly  b in d in g  to  th e  h e m e  o f th e  
c y t o c h r o m e  P 4 5 0  s u b u n i t o f a r o m a ta s e  

 A n d r o s t e n e d io n e   E 2   

⇨ ↑ in t r a o v a r ia n  a n d r o g e n s
P r o f o u n d  e f f e c t o n  e a r ly  f o l l ic le  g r o w th

M a y  u p -r e g u la t e  a n d r o g e n -r e c e p t o r  g e n e  
e x p r e s s io n  in  p r e a n t r a l a n d  a n t r a l f o l l ic le s



 ⇨  ↓s e r u m  [E 2 ] 

M a y  l im i t (c u m u la t iv e  [E 2 ]  n e g a t iv e  e f f e c t 
 o o c y t e  q u a l i t y  &  e n d o m e t r ia l r e c e p t iv i t y )

M a in t a in in g  a n  a d e q u a te  fo l l ic u la r  
d e v e lo p m e n t a n d  e s t r o g e n  b io s y n t h e s is



S tu d y  fo r  L e t r o z o le  c o -t r e a tm e n t

• Im p r o v e d  r e s p o n s e  to  F S H  s t im u la t io n

•  ↑n u m b e r  o f o o c y t e s  r e t r ie v e d  a n d  im p la n t a t io n  
r a t e

• ↓ m e a n  to t a l d o s e  o f g o n a d o t r o p in s

• ↓ c a n c e l la t io n  r a t e  
• ↓ c o s t o f a c h ie v in g  a  c l in ic a l p r e g n a n c y
• ↓ d o s e  o f g o n a d o t r o p in s  a n d  te rm in a l E 2



L e t r o z o le /a n ta g o n is t  m ic r o d o s e  f la r e

• P r e v io u s  s t u d y :  ↓o n g o in g  p r e g n a n c y  r a t e   ⇨
broad definition of poor response (suspected 
poor responder)

• R e c e n t la r g e  r e t r o s p e c t iv e  s t u d y : 

↑ fe r t i l iz a t io n  r a t e , im p la n t a t io n , c a n c e l la t io n  
r a te

S im i la r  P R  p e r  s t a r t e d  c y c le



I n  th is  s tu d y

• L e t r o z o le  (L A )  lu t e a l E 2 /G n R H  a n ta g o n is t 
(L P G ) in  w o m e n  w it h  k n o w n  p r io r  lo w  r e s p o n s e

• 5  m g /d a y  x  5  d a y s  s in c e  M C  D 2   2 .5  m g /d a y  

⇨I n t r in s ic  p o te n c y  o f le t r o z o le : 2 .5  m g /d a y  
 in h ib i t 9 7 %  e s t r o g e n  (o n  n o n s t im u la t e d  
g r a n u lo s a  c e l ls )

⇨(a c t iv e ly  d iv id in g  g r a n u lo s a  c e l ls   
n e e d  h ig h e r  d o s e  o f A I  a r o m a t iz a t io n  
a t t e n u a t io n )

 ⇨ One study for women undergoing COH 
and IUI  5 mg required a lower dose of 
FS H



• S ta r t e d  g o n a d o t r o p in s : 3  d a y s  a f t e r  in i t ia t io n  o f 
le t r o z o le   a l lo w  th e  r e le a s e  o f e n d o g e n o u s  
g o n a d o t r o p in s  b e fo r e  in i t ia t io n  o f e x o g e n o u s  
s t im u la t io n   (most of the other studies: started 
gonadotropins simultaneously with letrozole)

• A d m in is t r a t io n  o f h C G :  2  fo l l ic le s    2 0  m m  ≥  
(All prior studies: 17or18 mm diameter without 
reported ↑ proportion of immature oocytes)  s i l l 
 ↓M e ta p h a s e  I I o o c y t e s



P r e m a tu r e  L H  s u r g e

• T r e n d  to w a r d  ↑ in c id e n c e (L H  1 0  m IU /m L ):≥  L A  v s . 
L P G  (1 4 .9 %  v s . 3 .8 % )  (not addressed in most 
studies)
– N o rm a l r e s p o n d e r : L e t r o z o le    m e d ia n  [L H ]↑
–  ↑ I n  A I p r o t o c o ls  (te n d s  to  o c c u r  a t lo w e r  [E 2 ])

– O v a r ie s  w i t h  d im in is h e d  o v a r ia n  r e s e r v e   
p r o n e  to  a  p r e m a tu r e  L H  s u r g e  (p r e s u m a b ly  d u e  
to  ↓ G n R H -a t t e n u a t in g  f a c t o r /G n S A F  p r o d u c t io n )

 ∴ A n  e a r ly  s t a r t a n d  p o s s ib ly  a  h ig h e r  d o s e  o f t h e  
antag onis t s h o u ld  b e  c o n s id e r e d  w h e n  u s in g  
le t r o z o le



S a fe t y  is s u e s

•  ↑r is k  o f c o n g e n i t a l c a r d ia c  m a l f o rm a t io n s

– R e a s s u r in g  d a ta  among a large number of 
children born to women treated with letrozole: 
n o  s u c h  ↑ in  th e  o v e r a l l r a t e s  o f c o n g e n i t a l 
m a l f o rm a t io n s  o r  c h r o m o s o m a l a b n o rm a l i t ie s  

– I n  t h is  s t u d y   d is c o n t in u e d  le t r o z o le  o n  d a y  
6  o r  1  w e e k  b e fo r e  E T  (h a l f-l i f e  4 5  h o u r s )≥



L A  p r o t o c o l

• ↓ G o n a d o t r o p in s  u s e d  a n d  E 2  le v e ls

•  ↓M e ta p h a s e  I I o o c y t e s  (d e s p i t e  g iv e  h C G  a t 
le a d  fo l l ic le   2 0m m ,  s im i la r  t o  p r e v io u s  s t u d y )

A  t r en d  to w ar d… (la c k  o f a  s ta t is t ic a l ly  s ig n i f ic a n t)

•  ↑C a n c e l la t io n  r a t e  (p o s s ib ly  d u e  to  in c lu s io n  o f 
m o r e  s e v e r e  p o o r  r e s p o n d e r s ) 

•  ↓M is c a r r ia g e  r a t e  (p o s s ib le  im p r o v e m e n t in  
e n d o m e t r ia l r e c e p t iv i t y  o r  o o c y t e  q u a l i t y )

• ↑ O n g o in g  p r e g n a n c y  r a t e  p e r  E T  



• N o n  s ta t is t ic  s ig n i f ic a n c e  b e tw e e n  th e  o n g o in g  
p r e g n a n c y  r a t e s   M a y  b e  t y p e  I I e r r o r  –  (n o t 
p o w e r e d  e n o u g h  to  d e te c t a  d i f f e r e n c e  o f 2 0%  in  
th e  o n g o in g  p r e g n a n c y  r a t e  p e r  E T  b e tw e e n  th e  
2  g r o u p s )



C o n c lu s io n

• N o t a b le  to  id e n t i f y  a  s u b g r o u p  o f lo w  r e s p o n d e r s  
(who benefit from AI + antagonist-based protocol)

• S h o w e d  r e a s o n a b le  IV F  o u t c o m e s  o f 
le t r o z o le /g o n a d o t r o p in s  fo r  C O H  in  lo w  r e s p o n d e r s

• U s in g  le t r o z o le  m a y  r e q u ir e  o p t im iz a t io n   a v o id  a  
p r e m a tu r e  L H  s u r g e  &  ↑ th e  y ie ld  o f m a tu r e  o o c y t e s

• N e e d  p r o s p e c t iv e  r a n d o m iz e d  t r ia ls  w i t h  a d e q u a te  
p o w e r  to  te s t t h e  e f f ic a c y  o f A I-b a s e d  p r o t o c o ls   
o th e r  in t e r v e n t io n s  in  lo w  r e s p o n d e r s



TH AN K  Y OU  FOR  
L IS TE N IN G
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