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ABSTRACT

The b u r d e n  o f  s i c k l e  c e l l  d i s e a s e  l i e s  i n  A f r i c a  where  

r e s o u r c e s  a r e  l i m i t e d .  H y d r o x y u r e a  may be an a f f o r d a b l e  

t r e a t m e n t  o p t i o n  f o r  t h e s e  p a t i e n t s .

Pu rpose

To a s s e s s  w h e t h e r  h y d r o x y u r e a  has any e f f e c t  i n  r e d u c i n g  

v a s o - o c c l u s i v e  c r i s e s , h o s p i t a l i z a t i o n  and t r a n s f u s i o n  

r e q u i r e m e n t s  i n  c h i l d r e n  w i t h  homozygous s i c k l e  c e l l  

a na em ia .  To e v a l u a t e  t h e  t o x i c i t y  o f  h y d r o x y u r e a .

Methods

T h i s  i s  a r e t r o s p e c t i v e ,  d e s c r i p t i v e  s t u d y  o f  c l i n i c a l  

and h a e m a t o l o g i c a l  ou tc o m e s  i n  c h i l d r e n  w i t h  s i c k l e  c e l l  

anaem ia  t r e a t e d  w i t h  h y d r o x y u r e a .

R esu1t s

Ten p a t i e n t s  were  e v a l u a t e d .  H y d r o x y u r e a  d e c r e a s e d  t h e  

r a t e  o f  v a s o - o c c 1 u s i o n  and d e c r e a s e d  t h e  t r a n s f u s i o n  

r e q u i r e m e n t s .  The c l i n i c a l  and h a e m a t o l o g i c a l  b e n e f i t s  

were  g r e a t e s t  when f o e t a l  h a e m o b l o b i n  was m a x i m a l . T h e re  

was no s h o r t - t e r m  t o x i c i t y .

C o n c l u s i o n

H y d r o x y u r e a  a m e l i o r a t e s  symptoms i n  s i c k l e  c e l l  d i s e a s e .  

O n go ing  s t u d i e s  a r e  needed t o  as s es s  l o n g - t e r m  e f f e c t s .
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1 .0  INTRODUCT1 ON

The haerncg 1 o b i  n o p a t h  i  es a r e  some o f  t h e  m os t  common 
i n h e r i t e d  d i s e a s e s  o f  m a n k in d ,  p r o b a b l y  b ecause  o f  t h e
s u r v i v a l  a d v a n t a g e  c o n f e r r e d  by t h e  c a r r i e r  s t a t e  a g a i n s t
f a l c i p a r u m  m a l a r i a  ( 1 ) .  The mos t  common h a e m o g l o b i n o p a t h y
i s  s i c k l e  c e l l  ana em ia  w h i c h  has a u t o s o m a l  c o - d o m i n a n t
i n h e r i t a n c e .  In  A f r i c a  t h e  i n c i d e n c e  o f  s i c k l e  c e l l  t r a i t  
i s  h i g h e s t  i n  West  A f r i c a  (30 -4 0% )  and l o w e s t  i n  So u th  
A f r i c a  ( a b o u t  1%) ( 2 ) .  S i c k l e  c e l l  ana em ia  c o n s t i t u t e s  a
huge p u b l i c  h e a l t h  p r o b l e m  i n  some d e v e l o p i n g  c o u n t r i e s .  The 
enormous b u rd e n  i s  due t o  t h e  f a c t  t h a t  t h e  d i s e a s e  i s  
common and c h r o n i c .  As p r i m a r y  h e a l t h  c a r e  im p ro v e s  t h e  
number o f  s u r v i v i n g  h om ozyg o tes  w i l l  i n c r e a s e ,  and w i t h  an 
e x p e c t e d  a v e r a g e  o f  one t o  tw o  a d m i s s i o n s  p e r  y e a r  t h e  
b u r d e n  on t h e  f a m i l y  as w e l l  as s o c i e t y  w i l l  i n c r e a s e .  Ab o u t  
120 000 b a b i e s  w i t h  s i c k l e  c e l l  ana em ia  a r e  b o r n  y e a r l y ,  b u t
l e s s  t h a n  tw o  p e r c e n t  s u r v i v e  t o  t h e  age o f  f i v e  y e a r s .  H ig h  
t e c h n o l o g y  t r e a t m e n t  w i l l  b e n e f i t  t h e  f o r t u n a t e  f e w ,  b u t  t o  
have an i m p o r t a n t  e f f e c t  any t r e a t m e n t  m us t  be t r a n s l a t e d
i n t o  a f o r m  t h a t  can be a p p l i e d  t o  t h e  l e s s  d e v e lo p e d  and
p o o r e r  c o u n t r i e s .

Normal  h a e m o g l o b i n  c o n s i s t s  o f  a heme r i n g  and f o u r  g l o b i n
c h a i n s . D u r i n g  e m b r y o n i c  and f o e t a l  l i f e  t h e  g l o b i n  genes 
a r e  s e q u e n t i a l l y  a c t i v a t e d  and i n a c t i v a t e d .  The c o n t r o l  
mechan ism o f  g l o b i n  c h a i n  s w i t c h i n g  r e m a i n s  i n c o m p l e t e l y  
u n d e r s t o o d . D u r i n g  t h e  t h i r d  t r i m e s t e r  o f  g e s t a t i o n ,  gamma 
c h a i n  p r o d u c t i o n  g r a d u a l l y  d i m i n i s h e s  and f o e t a l  h a e m o g lo b in  
(HbF 2K2&) i s  r e p l a c e d  by a d u l t  h a e m o g l o b i n  (HbA 2«2j3) .

A s i n g l e  base  s u b s t i t u t i o n  i n  t h e  gene e n c o d i n g  t h e  human 
^ - g l o b i n  u n i t ,  w i t h  t h e  r e s u l t i n g  r e p l a c e m e n t  o f A s - g l u t a m i c  
a c i d  by  v a l i n e ,  l e a d s  t o  s i c k l e  c e l l  a naem ia  i n  homozygous 
i n d i v i d u a l s .  S i c k l e  c e l l  t r a i t  ( h e t e r o z y g o u s  i n d i v i d u a l ) i s  
a b e n i g n  c a r r i e r  s t a t e ,  i m p o r t a n t  f o r  i t s  g e n e t i c  c o u n s e l ­
l i n g  i m p l i c a t i o n s .

Under  no rma l  c i r c u m s t a n c e s  h a e m o g l o b i n  i s  a h i g h l y  s o l u b l e  
p r o t e i n .  The cause  o f  s i c k l e  c e l l  d i s e a s e  i s  t h e  s u b s t i t u ­
t i o n  o f  v a l i n e  f o r  g l u t a m i c  a c i d  a t  t h e  s i x t h  p o s i t i o n  o f  
t h e  y B - g l o b i n  c h a i n .  T h i s  r e s u l t s  i n  a h y d r o p h o b i c  i n t e r ­
a c t i o n  between  h a e m o g l o b i n  m o l e c u l e s  when d e o x y g e n a t e d , 
r e s u l t i n g  i n  an a g g r e g a t i o n  o f  s i c k l e  h a e m o g l o b i n  i n t o  l a r g e  
p o l y m e r s .  p o l y m e r i z a t i o n  o f  d e o x y g a n a t e d  s i c k l e  h a e m o g lo b in  
r e s u l t s  i n  a d i s t o r t i o n  o f  t h e  sh ape  o f  t h e  r e d  b l o o d  c e l l  
and a d e c r e a s e  i n  i t s  d e f o r m a b i 1 i t y , r e s u l t i n g  i n  
v a s o - o c c l u s i o n  and v a s c u l a ”  i n j u r y . S i c k l e  h a e m o g l o b i n  a l s o  
has a d v e r s e  e f f e c t s  on t h e  r e d  b l o o d  c e l l  membrne t h a t  cause
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o x i d a t i v e  damage, c e l l u l a r  d e h y d r a t i o n ,  a bno rma l  p h o s ­
p h o l i p i d  asymm et ry  and i n c r e a s e d  a d h e r e n c e  t o  e n d o t h e l i a l  

c e l l s  ( 3 ) .  The n e t t  r e s u l t  o f  t h e s e  c e l l u l a r  a b n o r m a l i t i e s
i s  a s h o r t e n e d  r e d  c e l l  l i f e s p a n  ( i . e .  h a e m o l y s i s )  and
i n t e r m i t t e n t  e p i s o d e s  o f  v a s c u l a r  o c c l u s i o n  t h a t  cause  
t i s s u e  i s c h a e m i a  and a c u t e  and c h r o n i c  o r g a n  d y s f u n c t i o n .

H a e m o l y s i s  causes  v a r i a b l e  d e g re e s  o f  c h r o n i c  ana em ia  and
j a u n d i c e .  S i c k l e  c e l l  a naem ia  p l a c e s  p a t i e n t s  a t  r i s k  f o r
a p l a s t i c  c r i s e s , caused  by i n f e c t i o n  w i t h  human p a r v o v i r u s
and f o r  t h e  f o r m a t i o n  o f  g a l l s t o n e s  ( 3 ) .  D e l a y s  i n  p h y s i c a l  
g r o w t h  and i n  t h e  o n s e t  o f  p u b e r t y  a r e  a l s o  common and 
c o r r e l a t e  w i t h  t h e  s e v e r i t y  o f  t h e  h a e m o l y s i s .

V a s o - o c c l J s i o n  i s  i n i t i a t e d  and s u s t a i n e d  by i n t e r a c t i o n s  
among s i c k l e  c e l l s ,  e n d o t h e l i a l  c e l l s  and c o n s t i t u e n t s  o f  
p la s m a .  R epea ted  s i c k l i n g  and u n s i c k l i n g  ca uses  membrane
damage and c o n s e q u e n t  p o t a s s i u m  e f f l u x  f o l l o w e d  by l o s s  o f  
w a t e r  w h i c h  i n c r e a s e s  c e l l  d e n s i t y  and t h e  t e n d e n c y  o f  
s i c k l e  h a e m o g l o b i n  ( H b S S ) t o  p o l y m e r i z e .  A d h e s i v e  i n t e r ­
a c t i o n s  between  s i c k l e  c e l l s  and e n d o t h e l i a l  c e l l s  o c c u r  as 
a r e s u l t  o f  i n j u r y  t o  c e l l  membranes. As s i c k l e  c e l l s  
p e r t u r b  t h e  e n d o t h e l i u m ,  t h e  b a l a n c e  b e tw een  v a s o d i l a t o r s  
and v a s o c o n s t r i c t o r s  may be changed t o  f a v o u r  v a s o c o n s t r i c ­
t i o n .  A c t i v a t e d  p l a t e l e t s  r e l e a s e  t h r o m b o s p o n d i n ,  w h ic h  
p ro m o te s  t h e  a d h e r e n c e  o f  s i c k l e  c e l l s  t o  e n d o t h e l i a l  c e l l s .  
R e t i c u l o c y t e s  t h a t  a r e  p r e m a t u r e l y  r e l e a s e d  f r o m  t h e  bone
marrow d i s p l a y  a d d i t i o n a l  a d h e s i v e  l i g a n d s  t h a t  f a c i l i t a t e  
i n t e r a c t i o n  b e tw e en  s i c k l e  c e l l s  and e n d o t h e l i a l  c e l l s .

V a s o - o c c l u s i o n  and t i s s u e  i schaemi  a can r e s u l t  i n  a c u t e  and 
c h r o n i c  i n j u r y  t o  v i r t u a l l y  e v e r y  o r g a n  i n  t h e  b o d y .  T w e n t y -  
f i v e  t o  f o r t y - f i v e  p e r c e n t  o f  i n f a n t s  and youn g  c h i l d r e n  
w i t h  s i c k l e  c e l l  anaem ia  (SCA) e x p e r i e n c e  a t  l e a s t  one 
e p i s o d e  o f  d a c t y l i t i s  and many o l d e r  p a t i e n t s  e x p e r i e n c e  
r e p e a t e d  e p i s o d e s  o f  m u s c u lo - ^ - s k e le ta l  o r  a b d o m in a l  p a i n  ( 3 ) .  
A c u t e  and c h r o n i c  i n j u r y  t o  t h r e e  m a j o r  o r g a n s  -  t h e  s p l e e n ,  
t h e  l u n g s  and t h e  b r a i n  -  a r e  r e s p o n s i b l e  f o r  much o f  t h e  
m o r b i d i t y  and m o s t  o f  t h e  m o r t a l i t y  seen i n  c h i l d h o o d  ( 3 ) .  
In a g i v e n  y e a r ,  a b o u t  s i x t y  p e r c e n t  o f  p a t i e n t s  w i t h  SCA 
w i l l  have  an e p i s o d e  o f  s e v e r e  p a i n  ( 4 ) .  V a s o - o c c l u s i o n  i s  
t h e  m o s t  common re a s o n  f o r  h o s p i t a l i z a t i o n  i n  p a t i e n t s  w i t h  
SCA and t h e  f r e q u e n c y  o f  c r i s e s  has p r o g n o s t i c  s i g n i f i c a n c e  
f o r  l i f e  e x p e c t a n c y .  O n l y  f o r t y  p e r c e n t  o f  young a d u l t s  w i t h  
more t h a n  t h r e e  c r i s e s  p e r  y e a r  s u r v i v e  beyond  f o r t y  y e a r s  
o f  a g e . D e c r e a s i n g  t h e  f r e q u e n c y  o f  c r i s e s  may n o t  
n e c e s s a r i l y  i n c r e a s e  t h e  l i f e s p a n  o f  p a t i e n t s  w i t h  SCA ( 5 )  
b u t  r e c u r r e n c e s  o f  p a i n f u l  e p i s o d e s  o r  o r g a n  d y s f u n c t i o n  a re  
c l e a r l y  a s s o c i a t e d  w i t h  a p o o r e r  p r o g n o s i s  and e a r l y
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m o r t a l i t y  i n  a d u l t h o o d .  The a c u t e  c h e s t  s y n d r o m e , a f r e q u e n t  
and o f t e n  f a t a l  c o m p l i c a t i o n ,  a f f e c t s  a b o u t  f o r t y  p e r c e n t  o f  
a l l  p e o p l e  w i t h  SCA. I t  i s  m os t  common, b u t  l e a s t  s e v e r e ,  i n  
c h i l d r e n ,  and when r e c u r r e n t  can l e a d  t o  c h r o n i c  r e s p i r a t o r y  
i n s u f f i  c i e n c y .

1 - 1 BLOOD TRANSFUSION IN SCA

U n t i l  r e c e n t l y ,  s u p p o r t i v e  t h e r a p y  has been t h e  m a i n s t a y  o f  
t r e a t m e n t  f o r  SCA. I n d i c a t i o n s  f o r  b l o o d  t r a n s f u s i o n  i n c l u d e

-  s y m p t o m a t i c  e p i s o d e s  o f  a c u t e  anaemia

-  s e v e r e  s y m p t o m a t i c  c h r o n i c  anaemia

-  p r e v e n t i o n  o f  r e c u r r e n t  s t r o k e s
(50% o f  c h i l d r e n  w i t h  SCA and s t r o k e  who do n o t  
r e c e i v e  f r e q u e n t  t r a n s f u s i o n s  w i l l  have  a n o t h e r  
s t r o k e  w i t h i n  t h r e e  y e a r s  compared w i t h  10% who 
r e c e i v e  t r a n s f u s i o n s )

-  a c u t e  c h e s t  synd rom e  w i t h  h y p o x i a

-  s u r g e r y  u n d e r  g e n e r a l  a n a e s t h e s i a .  ( 4 )

T h e r e  a r e  many c o m p l i c a t i o n s  a s s o c i a t e d  w i t h  b l o o d  
t r a n s f u s i o n .

1 . 1 . 1  E f f e c t s  o f  t r a n s f u s i o n  on v i s c o s i t y

The v i s c o s i t y  o f  b l o o d  i s  d e t e r m i n e d  by t h e  t o t a l  
h a e m a t o c r i t  and t h e  d e f o r m a b i 1i t y  o f  t h e  r e d  b l o o d  c e l l s .  As 
e r y t h r o c y t e s  a r e  t r a n s f u s e d  t h e  h a e m a t o c r i t  r i s e s ,  r e s u l t i n g  
i n  a s i g n i f i c a n t  i n c r e a s e  i n  v i s c o s i t y .  In  no rm a l  p a t i e n t s  
oxygen  t r a n s p o r t  i n c r e a s e s  as b l o o d  i s  t r a n s f u s e d  u n t i l  t h e  
h a e m a to c r  i  t  r e a c h e s  40%. Once t h e  h a e m a t o c r i t  i s  above 
f o r t y - f i v e  p e r c e n t  t h e  v i s c o s i t y  i n c r e a s e s  d r a m a t i c a l l y  and 
ox ygen  t r a n s p o r t  s t a r t s  t o  f a l l .  In p a t i e n t s  w i t h  SCA t h e  
v i s c o s i t y  o f  a r e d  b l o n d  - e l l  s u s p e n s i o n  a t  f u l l  o x y g e n a t i o n  
i s  a l r e a d y  h i g h e r  t o a n  no rm a l  and t h e  v i s c o s i t y  r i s e s  
p r o g r e s s i v e l y  w i t h  dv  c, .y o e n a t i o n . When a p a t i e n t  w i t h  SCA 
r e c e i v e s  a s i m p l e  b l o o d  t r a n s f u s i o n  t h e  i n c r e a s e  i n  
h a e m a t o c r i t  w i t h  a c o n s t a n t  s i c k l e  c r i t  l e a d s  t o  an i n c r e a s e  
i n  v i s c o s i t y  t h u s  l i m i t i n g  t h e  i m p r o v e m e n t  i n  oxy ge n  
d e l i v e r y ,  d e s p i t e  t h e  im p ro v e d  o x y g e n - c a r r y i n g  c a p a c i t y .  I t  
i s  p r o b a b l y  t h e  c o m b i n a t i o n  o f  i n c r e a s e d  b l o o d  v i s c o s i t y  
w i t h  d e c r e a s e d  e f f i c i e n c y  o f  o xyge n  d e l i v e r y  t h a t  causes  t h e
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s i c k l e  c o m p l i c a t i o n s  t h a t  have been r e p o r t e d  t o  o c c u r  d u r i n g  
o r  even  soon  a f t e r  t r a n s f u s i o n  as w e l l  as a f t e r  t h e  c e s ­
s a t i o n  o f  h y p e r - t r a n s f u s i o n .  The c o m p l i c a t i o n s  a r e  g e n e r a l l y  
e i t h e r  p a i n f u l  v a s o - o c c l u s i v e  c r i s e s ,  o r  n e u r o l o g i c a l  e v e n t s  
( 1) .

1 . 1 . 2  A 1 l o - i m m u n i z a t i o n

A l l o - i m m u n i z a t i o n  t o  r e d  b l o o d  c e l l  a n t i g e n s  i n  SCA has been 
r e p o r t e d  t o  o c c u r  i n  e i g h t ,  t o  f i f t y  p e r c e n t  o f  UK and N o r t h  
A m e r i c a n  SCA p a t i e n t s  ( 1 ) .  The d e v e lo p m e n t  o f  a n t i b o d i e s  
a p p e a rs  d i r e c t l y  r e l a t e d  t o  t h e  number o f  t r a n s f u s i o n s  and 
t h e  f r e q u e n c y  c o n t i n u e s  t o  r i s e  as t h e  number o f  t r a n s ­
f u s i o n s  i n c r e a s e s . T h i s  i s  p a r t l y  b e c a u s e ,  i n  t h e s e  a r e a s , 
t h e  SCA p a t i e n t s  a r e  o f  d i f f e r e n t  r a c i a l  o r i g i n s  f r o m  t h e  
d o n o r  p o p u l a t i o n .  Up t o  o n e - t h i r d  o f  a n t i b o d i e s  t o  r e d  b l o o d  
c e l l  a n t i g e n s  i n  SCA a r e  t r a n s i t o r y  and t h e r e f o r e  may n o t  be 
d e t e c t e d  on p r e - t r a n s f u s i o n  t e s t i n g ,  so  t h a t  t h e r e  i s  a r i s k  
o f  d e v e l o p i n g  d e l a y e d  h a e m o l y t i c  t r a n s f u s i o n  r e a c t i o n s ,  
w h i c h  can m im i c  t h e  c o m p l i c a t i o n s  o f  SCA, i n c l u d i n g  p a i n f u l  
c r i s e s  and h e p a t i c  s e q u e s t r a t i o n .  M a t c h i n g  d o n o r s  f o r  r a c i a l  
o r i g i n  w i l l  d e c r e a s e  t h e  r i s k ,  b u t  i s  n o t  recommended f o r  
c o s t  r e a s o n s .

1 . 1 . 3  T r a n s f u s i o n  t r a n s m i t t e d  i n f e c t i o n

P r e - d o n a t i o n  q u e s t i o n i n g  and e x c l u s i o n  o f  h i g h  r i s k  d o n o rs  
comb in ed  w i t h  new t e c h n o l o g i e s  have  d r a m a t i c a l l y  d e c r e a s e d  
t h e  r i s k  o f  t r a n s f u s i o n  t r a n s m i s s i o n  o f  H I V - I  and 1 i , as 
w e l l  as t h e  h e p a t i t i d e s  i n c l u d i n g  h e p a t i t i s  B and C. T h i s  
r e m a i n s  a m a j o r  c o n c e r n  f o r  p a t i e n t s  w i t h  SCA r e c e i v i n g  
t r a n s f u s i o n s  i n  some d e v e l o p i n g  c o u n t r i e s .  U n f o r t u n a t e l y  
t h e r e  i s  a h i g h  p r e v a l e n c e  o f  t h e s e  v i r a l  i n f e c t i o n s  i n  t h e  
p a r t s  o f  t h e  w o r l d  whe re  SCA i s  common. L e u c o c l y t e  d e p l e ­
t i o n ,  u s i n g  f i l t e r s  t h a t  a c h i e v e  t h r e e  t o  f o u r  l og  
r e d u c t i o n s  i n  w h i t e  c e l l s ,  i s  a l s o  e f f e c t i v e  a t  p r e v e n t i n g  
t r a n s m i s s i o n  o f  a number o f  o t h e r  i n f e c t i o n s  i n c l u d i n g  
c y t o m e g a l o v i r u s , Chagas d i s e a s e  and HTLV1.

1 . 1 . 4  I r o n  o v e r l o a d

F r e q u e n t  b l o o d  t r a n s f u s i o n s  r e s u l t  i n  i r o n  o v e r l o a d  and 
h ae rn os id e ros i s . I r o n  d e p o s i t i o n  i n  t h e  o r g a n s  i n t e r f e r e s  w i t h  
no rm a l  f u n c t i o n  and i s  f a t a l  w i t h o u t  c h e l a t i o n  t h e r a p y . I r o n  
o v e r l o a d  i p , . m o n i t o r e d  m o s t  • s i m p l y  by  se rum f e r r i t i n ,  b u t  
o p t i m a l l y  by b i o c h e m i c a l  a s s a y  o f  h e p a t i c  i r o n  s t o r e s .
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Plasma f e r r i t i n  i s  an a c u t e  phase r e a c t a n t , w h i c h  r i s e s  as 
p a r t  o f  a n o n - s p e c i f i c  r e s p o n s e  t o  i n f l a m m a t i o n  i n c l u d i n g  
v a s o -  o c c l u s i o n  as w e l l  as i n f e c t i o n .  Hence r e p e a t e d  
e s t i m a t i o n s  o f  se rum f e r r i t i n  a r e  r e q u i r e d  t o  i n d i c a t e  i r o n  
o v e r l o a d .  P r e s e n t l y  t h e  o n l y  p ro v e n  way t o  a v o i d  an a d v e r s e  
ou tc ome  i s  by t h e  r e g u l a r  use o f  i n f u s i o n s ,  g e n e r a l l y  
s u b c u t a n e o u s  1y o f  d e s f e r r i o x a m i n e .  T h i s  i s  g i v e n  by a 
s y r i n g e - d r i v e r  pump o v e r  e i g h t  t o  t w e l v e  h o u r s  a t  l e a s t  f i v e  
t o  s i x  n i g h t s  each w e e k . U n f o r t u n a t e l y , t h e  e x p e r i e n c e  
w o r l d w i d e  i s  o f  v e r y  p o o r  c o m p l i a n c e  r e l a t e d  t o  t h e  
i n c o n v e n i e n c e ,  s o c i a l  u n a c c e p t -  a b i l i t y  as w e l l  as t h e  l o c a l  
s i d e - e f f e c t s  w h i c h  i n c l u d e  s w e l l i n g ,  i t c h i n g  and i r r i t a t i o n .  
C h e l a t i o n  t h e r a p y  i s  u n d e r s t a n d a b l y  v e r y  c o s t l y .

C o n s i d e r i n g  t h e  c o s t  and c o m p l i c a t i o n s  a s s o c i a t e d  w i t h  b l o o d  
t r a n s f u s i o n ,  a l t e r n a t i v e  s a f e  and e f f e c t i v e  f o rm s  o f  
t r e a t m e n t  f o r  SCA a r e  r e q u i r e d .

1 . 2  FOETAL HAEMOGLOBIN AND ITS INDUCTION

P o l y m e r i z a t i o n  i s  d e p e n d a n t  on t h e  c e l l u l a r  c o n c e n t r a t i o n s  
o f  s i c k l e  h a e m o g l o b i n  ( H b S ) , i m p l y i n g  t h a t  s m a l l  r e d u c t i o n s  
i n  t h e  c o n c e n t r a t i o n  o f  HbS may have  i m p o r t a n t  c l i n i c a l  
b e n e f i t s  ( 6 ) .  H i g h  f o e t a l  h a e m o g l o b i n  (HBF) c o n c e n t r a t i o n s  
d e c r e a s e  t h e  s e v e r i t y  o f  SCA by p r e v e n t i n g  t h e  f o r m a t i o n  o f  
HbS p o l y m e r s .  HbF i n h i b i t s  p o l y m e r i z a t i o n  by r e d u c i n g  t h e  
i n t r a c e l l u l a r  HbS c o n c e n t r a t i o n .  A l s o  a g l u t a m i c  r e s i d u e  a t  
p o s i t i o n  gamma-87 p r e v e n t s  a c r i t i c a l  l a t e r a l  c o n t a c t  i n  t h e  
d o u b l e  s t r a n d  o f  t h e  s i c k l e  f i b r e  ( 7 ) .  The s o l u b i l i t "  o f  
e q u a l  amounts  o f  HbS and HbF i s  a b o u t  t w i c e  t h a t  o f  HbS 
a l o n e .

I n d i v i d u a l s  w i t h  SCA have v a r i a b l e  l e v e l s  o f  HbF. HbF l e v e l s  
o f  more  t h a n  t e n  p e r c e n t  i n  p a t i e n t s  w i t h  SCA a r e  a s s o c i a t e d  
w i t h  a m i l d e r  c l i n i c a l  c o u r s e ,  i n c l u d i n g  a d e c r e a s e d  r i s k  o f  
s t r o k e  and a c u t e  c h e s t  synd rom e.  HbF l e v e l s  o f  more t h a n  
t w e n t y  p e r c e n t  seem t o  p r o t e c t  a g a i n s t  m o s t  v a s o - o c c 1 u s i v e  
e v e n t s  ( 8 ) .  i n  s u p p o r t  o f  t h i s  c l i n i c a l  o b s e r v a t i o n ,  i n  
v i t r o  s o l u t i o n s  c o n t a i n i n g  more t h a n  t h i r t y  p e r c e n t  HbF 
i n h i b i t  p o l y m e r i z a t i o n  o f  deoxy  HbS ( 8 ) .

H y d r o x y u r e a  (HU) i s  an o r a l l y  a d m i n i s t e r e d  a n t i t u m o u r  a g e n t .  
The p r e c i s e  mechan ism by w h i c h  i t  p r o d u c e s  i t s  a n t i n e o ­
p l a s t i c  e f f e c t  i s  unknown.  V a r i o u s  s t u d i e s  s u p p o r t  t h e  
h y p o t h e s i s  t h a t  HU causes  an im m e d ia t e  i n h i b i t i o n  o f  DNA 
s y n t h e s i s  by a c t i n g  as a r i b o n u c l e o t i d e  r e d u c t a s e  i n h i b i t o r .  
HU has been shown t o  i n c r e a s e  t h e  p r o d u c t i o n  o f  HbF i n  
p a t i e n t s  w i t h  SCA and  a m e l i o r a t e  symptoms ( 9 , 1 0 , 1 1 ) .  The



( 6 )

e x a c t  mechan i sm  by w h i c h  h y d r o x y u r e a  s t i m u l a t e s  HbF 
p r o d u c t i o n  i s  unknow n,  b u t  i s  most  l i k e l y  due t o  t h e
r e c r u i t m e n t  • o f  e a r l y  r e d  b l o o d  c e l l  p r e c u r s o r s  w i t h  a h i g h e r
i n h e r e n t  c a p a c i t y  f o r  g e n e r a t i n g  e r y t h r o b 1a s t s  c o n t a i n i n g  
HbF ( 1 2 ) .  T h i s  a p p e a r s  t o  be accom pa n ie d  by an im p rov e m e n t  
i n  r h e o l o g i c  p r o p e r t i e s  o f  t h e  r e d  b l o o d  c e l l ,  i n c l u d i n g  re d  
b l o o d  c e l l  s u r v i v a l ,  r e d  b l o o d  c e l l  d e n s i t y  d i s t r i b u t i o n  and 
c e l l  d e f o r m a b i 1 i t y . H y d r o x y u r e a  may a l s o  a l t e r  t h e  a d h e s i v e
r e c e p t o r s  e x p r e s s e d  on r e d  b l o o d  c e l l s  and t h e  v a s c u l a r
e n d o t h e l i u m ,  i n c r e a s i n g  t h e  p o s s i b i l i t y  t h a t  v a s c u l a r  
c o m p l i c a t i o n s  can be p r e v e n t e d  ( 1 3 ) .  The b e n e f i t  o f  h y d r o x y ­
u re a  t r e a t m e n t  may a l s o  be due i n  p a r t  t o  a d e c r e a s e  i n  t h e  
number o f  r e t i c u l o c y t e s  and young l o w - d e n s i t y  r e d  b l o o d  
c e l l s ,  s i n c e  t h e s e  c e l l s  a r e  p a r t i c u l a r l y  l i k e l y  t o  a d h e re  
t o  t h e  v a s c u l a r  e n d o t h e l i u m .  E a r l y  i n t e r r u p t i o n  o f  t h e  
v a s o - o c c l u s i v e  p r o c e s s  may a l s o  p r e v e n t  damage t o  v i t a l  
o r g a n s .  H y d r o x y u r e a  i s  r e l a t i v e l y  n o n - t o x i c ,  i t s  m y e l o s u p -  
p r e s s i v e  e f f e c t s  a r e  r e a d i l y  r e v e r s i b l e  and i t  i s  n o t  known 
t o  i n d u c e  t u m o u r s .

O t h e r  a g e n t s  have  been used e x p e r i m e n t a l l y  t o  i n d u c e  HbF
e . g .  s h o r t - c h a i n  f a t t y  a c i d s  ( b u t y r a t e ) .  M e m b r a n e - a c t i v e
d ru g s  l i k e  c l o t r i m a z o l e  and magnes ium have  a l s o  been used .
However ,  r e s u l t s  o f  t h e s e  s t u d i e s  have  been d i s a p p o i n t i n g  
and c u r r e n t l y  h y d r o x y u r e a  i s  t h e  o n l y  d r u g  i n  w i d e s p r e a d  use 
f o r  t h e  p a l l i a t i o n  o f  SCA.

1 .3  LITERATURE REVIEW

A f t e r  a d o u b l e  b l i n d  p l a c e b o  c o n t r o l l e d  t r i a l  o f  HU i n  299 
a d u l t s  i t  a p p e a re d  t h a t  HU s i g n i f i c a n t l y  d e c r e a s e d  t h e  
f r e q u e n c y  o f  p a i n f u l  c r i s e s ,  a c u t e  c h e s t  syn drom e and b l o o d  
t r a n s f u s i o n  r e q u i r e m e n t s  ( 1 1 ) .  These p r o m i s i n g  r e s u l t s  in  
a d u l t  p a t i e n t s  t o g e t h e r  w i t h  t h e  abs ence  o f  t o x i c  e f f e c t s  o r  
m a l i g n a n c y  o b s e r v e d  d u r i n g  l o n g - t e r m  HU a d m i n i s t r a t i o n  i n  a 
s e r i e s  o f  young p a t i e n t s  w i t h  c y a n o t i c  c o n g e n i t a l  h e a r t  
d i s e a s e  have e n c o u r a g e d  i n v e s t i g a t i o n  o f  t h i s  t r e a t m e n t  i n  
young SOD p a t i e n t s .  S t u d i e s  o f  HU i n  young  c h i l d r e n  and 
a d o l e s c e n t s  a r e  j u s t  b e g i n n i n g ,  and t o  d a t e  t h e r e  a r e  few 
s t u d i e s  a v a i l a b l e  w i t h  s m a l l  samp le  s i z e s .  S h o r t - t e r m  
t o x i c i t y  a p p e a rs  t o  be m i l d  and i n f r e q u e n t  and i n c l u d e s  
nau sea ,  a l o p e c i a  and c y t o p a e n i a s  ( 5 ) .  The f r e q u e n c y  o f  t h e s e  
s i d e - e f f e c t s  may i n c r e a s e  as new s t u d i e s  a r e  r e p o r t e d .  
Q u e s t i o n s  r e m a i n  c o n c e r n i n g  l o n g - t e r m  r i s k s ,  e . g .  
c a r c i n o g e n e s i s ,  g a m e t o g e n e s i s , mar ro w  t o x i c i t y ,  g ro w t h  
f a i l u r e  and c h ro m o s o n a l  damage. L o n g - t e r m  s t u d i e s  a r e  needed 
t o  answer  t h e s e  q u e s t i o n s .
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de M o n t a l e m b e r t  e t  a l  ( 1 4 )  gave HU i n  an u n c o n t r o l l e d  s t u d y  
t o  t h i r t y - f i v e  c h i l d r e n  w i t h  s i c k l e  c e l l  d i s e a s e .  They 
showed t h a t  HbF was i n c r e a s e d  i n  a l l  t h e  c h i l d r e n  e x c e p t  
o n e . The i n c r e a s e  i n  HbF was r e l a t e d  t o  t h e  HU dose  and 
i n v e r s e l y  t o  t h e  p a t i e n t ' s  a g e . They a l s o  n o t e d  an a p p a r e n t  
r e d u c t i o n  i n  c r i s e s  w h i c h  d i d  n o t  seem s t r i c t l y  c o r r e l a t e d  
w i t h  t h e  r i s e  i n  HbF. They had tw o  p a t i e n t  f a i l u r e s  w h i c h  
t h e y  c o u l d  n o t  e x p l a i n .  They d i d  n o t  e x p e r i e n c e  any s e r i o u s  
h a e m a t o 1og i c a 1 c o m p l i c a t i o n s .

S i m i l a r l y ,  S c o t t  e t  a l  ( 8 )  f o u n d  t h a t  HU i n d u c e d  s t a t i s t i c ­
a l l y  s i g n i f i c a n t  i n c r e a s e s  i n  h a e m o g l o b i n  and HbF i n  
t h i r t e e n  p a t i e n t s . T h e i r  t o x i c  e f f e c t s  i n c l u d e d  t h r e e  
e p i s o d e s  o f  r e v e r s i b l e  m y e l o t o x i c i t y .  They d i d  n o t  show a 
s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  i n  h o s p i t a l i z a t i o n .  They 
p e r f o r m e d  t h e  p r e - t h e r a p y  a n a l y s i s  f o r  t h e  t w e l v e  t o  
t w e n t y - f o u r  mon th  p e r i o d  p r i o r  t o  s t a r t i n g  HU t o  c o n t r o l  f o r  
t h e  s e a s o n a l  v a r i a t i o n  and e p i s o d i c  n a t u r e  o f  v a s o - o c c 1 u s i v e  
c r  i s e s .

J a y ab os e  e t  a l  ( 5 )  a l s o  showed a s i g n i f i c a n t  i n c r e a s e  i n  
h a e m o g l o b i n  and HbF i n  f o u r t e e n  p a t i e n t s  t r e a t e d  w i t h  HU. 
They showed a s i g n i f i c a n t  d e c r e a s e  i n  v a s o - o c c l u s i v e  c r i s e s  
and h o s p i t a l  a d m i s s i o n s ,  a l t h o u g h  t h e  d u r a t i o n  o f  c r i s e s  
d u r i n g  HU t r e a t m e n t  was n o t  s i g n i f i c a n t l y  r e d u c e d . T he re  
were  tw o  p a t i e n t  f a i l u r e s .  Fo r  t h i s  s t u d y  t h e y  t o o k  i n t o  
a c c o u n t  t h e  w h o le  d u r a t i o n  o f  f o l l o w - u p  p r i o r  t o  s t a r t i n g  HU 
as t h e y  t h o u g h t  t h i s  was more l i k e l y  t o  g i v e  them a t r u e  
p r e - t r e a t m e n t  r a t e .

In t h e  o n l y  r a n d o m iz e d  t r i a l ,  F e r s t e r  e t  a l  ( 1 5 )  s t u d i e d  t h e  
b i o l o g i c  and c l i n i c a l  b e n e f i t  o f  HU by r a n d o m i z i n g  
t w e n t y - f i v e  p a t i e n t s  t o  r e c e i v e  e i t h e r  HU o r  a p l a c e b o  f o r  
s i x  m o n t h s . The p a t i e n t s  were  s w i t c h e d  t o  t h e  o t h e r  arm f o r  
t h e  n e x t  s i x  m o n t h s .  Among t w e n t y - t w o  e v a l u a b l e  p a t i e n t s ,  
s i x  e x p e r i e n c e d  no change  i n  t h e  number o f  c r i s e s  r e q u i r i n g  
h o s p i t a l i z a t i o n .  In t h e s e  p a t i e n t s  t h e r e  was o n l y  a v e r y  
s l i g h t  i n c r e a s e  i n  HbF. The r e m a i n d e r  o f  t h e  p a t i e n t s  showed 
s i g n i f i c a n t  b e n e f i t s .

R e c e n t l y  Hoppe e t  a l  r e p o r t e d  on t h e  use o f  h y d r o x y u r e a  i n  
c h i l d r e n  aged tw o  t o  f i v e  y e a r s . These c h i l d r e n  re s p o n d e d  
w i t h  t h e  same i n c r e a s e s  i n  h a e m o g l o b i n  and HbF as o l d e r  
c h i l d r e n .  T r e a t m e n t  w i t h  HU a l s o  r e s u l t e d  i n  a marked 
d e c r e a s e  i n  h o s p i t a l  a d m i s s i o n s ,  t o t a l  number  o f  h o s p i t a l  
days  and t r a n s f u s i o n  n e e d s . S h o r t - t e r m  t o x i c i t y  was 
v i r t u a l l y  a b s e n t  w i t h  no a d v e r s e  e f f e c t s  on g r o w t h  o r  d e v e l ­
opment ( 1 7 ) .  As e x p e r i e n c e  w i t h  t h e  l o n g - t e r m  a d m i n i s t r a t i o n  
o f  HU i n  p a t i e n t s  w i t h  SCD i n c r e a s e s  t h e r e  i s  a p p r o p r i a t e
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c o n c e r n  a b o u t  t h e  p o s s i b l e  i n d u c t i o n  o f  t u m o u r s .  The r i s k  
a p p e a rs  t o  be s m a l l  i n  p a t i e n t s  w i t h  m y e l o p r o l i t e r a t i v e  
d i s o r d e r s  who have  t a k e n  t h e  d ru g  f o r  up t o  20 y e a r s  ( 7 ) .

1 . 4  MOTIVATION FOR THE STUDY

The b u r d e n  o f  SCA l i e s  i n  A f r i c a ,  w he re  r e s o u r c e s  a re  
l i m i t e d .  H y d r o x y u r e a ,  i f  e f f e c t i v e , i s  an a f f o r d a b l e  
t r e a t m e n t  o p t i o n .  The c o s t  o f  one ur i t  o f  p a c k e d  r e d  b l o o d  
c e l l s  f o r  t r a n s f u s i o n  (R292 )  i s  e q u i v a l e n t  t o  t h r e e  m o n t h s '  
t r e a t m e n t  w i t h  HU (one  h u n d r e d  500mg t a b l e t s  c o s t  R 2 7 9 ) .

A n a l y s i n g  t h e  e f f e c t s  o f  HU i s  d i f f i c u l t ,  b ecause  o f  t h e  
h i g h  p h e n o t y p i c  d i v e r s i t y  o f  t h e  d i s e a s e .  We have c l e a r  
i n d i c a t i o n s  f o r  s t a r t i n g  HU t h e r a p y , w h i c h  s e l e c t s  p a t i e n t s  
who a r e  s u f f i c i e n t l y  s e v e r e  t o  w a r r a n t  t r e a t m e n t .  Many 
p a t i e n t s  f u l f i l l e d  t h e  c r i t e r i a  f o r  HU t h e r a p y  l o n g  b e f o r e  
we w e re  u s i n g  i t .  We have  a n a l y s e d  t h e  e f f e c t s  o f  HU by 
c o m p a r i n g  c l i n i c a l  and h a e m a t o l o g i c a l  r e s p o n s e s  t o  HU, u s i n g  
t h e  p a t i e n t s  as t h e i r  own c o n t r o l s  f r o m  t h e  t i m e  when HU 
w o u ld  have  been i n d i c a t e d .

To d a t e ,  no s t u d i e s  have  been c o n d u c t e d  i n  d e v e l o p i n g  
c o u n t r i e s .  To have  an i m p o r t a n t  e f f e c t  HU m u s t  be p r o v e n  t o  
be e f f e c t i v e  i n  t h e s e  s i t u a t i o n s .  The d e t e r m i n a n t s  o f  HbF 
r e s p o n s e  t o  HU have  n o t  been e l u c i d a t e d ;  p o s t u l a t e s  i n c l u d e  
b i o l o g i c  a b i l i t y  (b o ne  mar ro w  r e s e r v e ) ,  c o m p l i a n c e ,  g e n e t i c  
f a c t o r s  and v a r i a t i o n s  i n  d r u g  m e t a b o l i s m .  N u t r i t i o n a l  
f a c t o r s  a f f e c t  bone m ar ro w  r e s e r v e  and c o m p l i a n c e  i s  more 
l i k e l y  t o  be a p r o b l e m  i n  d e v e l o p i n g  c o u n t r i e s .  F o r  t h e s e  
r e a s o n s  we r e v i e w e d  t h e  e f f e c t s  o f  HU i n  o u r  c h i l d r e n  w i t h  
SCA.

2 . 0 .  MATERIALS AND METHODS

In o u r  i n s t i t u t i o n  h y d r o x y u r e a  has been used  i n  t h e  
management o f  s e v e r e l y  i l l  c h i l d r e n  w i t h  s i c k l e  c e l l  anaemia  
s i n c e  1998.

The i n d i c a t i o n s  f o r  h y d r o x y u r e a  t r e a t m e n t  i n c l u d e d

-  t h r e e  o r  more v a s o - o c c 1 u s i v e  e v e n t s  p e r  y e a r

-  a c u t e  c h e s t  syndr om e o r  o t h e r  s e v e r e  v a s o - o c c 1 u s i v e  
e v e n t  ( i n c l u d i n g  c e r e b r a l  v a s o - o c c l u s i o n )
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-  s p l e n i c  s e q u e s t r a t i o n .

V a s o - o c c l u s i o n  was d e f i n e d  as any p a i n f u l  e p i s o d e  i n v o l v i n g  
t h e  e x t r e m i t i e s ,  abdomen, back  o r  c h e s t , i n c l u d i n g  a c u t e  
c h e s t  s y n d rom e .

A c u t e  c h e s t  syn d rom e  was c o n s i d e r e d  t o  be v a s o - o c c l u s i o n  o f  
t h e  l u n g s  and was d e f i n e d  as an e p i s o d e  o f  r e s p i r a t o r y  
d i s t r e s s  a s s o c i a t e d  w i t h  l u n g  i n f i l t r a t e s  on c h e s t
r a d i o g r a p h  and w h i c h  r e q u i r e d  h o s p i t a l  a d m i s s i o n .

S p l e n i c  s e q u e s t r a t i o n  was d e f i n e d  as a m a s s i v e l y  e n l a r g e d  
s p l e e n ,  a s s o c i a t e d  w i t h  a c u t e , s e v e r e  a na em ia .

I n f o r m e d  c o n s e n t  was o b t a i n e d  f r o m  p a r e n t s  p r i o r  t o  s t a r t i n g  
h y d r o x y u r e a . P a r e n t s  w e re  t o l d  t h a t  t h e  l o n g - t e r m  e f f e c t s  o f  
h y d r o x y u r e a ,  i n c l u d i n g  e f f e c t s  on t h e  f e r t i l i t y  o f  t h e i r  
c h i l d  w ere  u nk n ow n .

The s t a r t i n g  dose  o f  h y d r o x y u r e a  was t e n  t o  f i f t e e n
m i l l i g r a m s  p e r  k i l o g r a m  p e r  day  as a s i n g l e  d a i l y  d o s e . I f
an i n a d e q u a t e  r e s p o n s e  was o b t a i n e d ,  i . e .

-  no c l i n i c a l  im p rov e m e n t
-  p e r s i s t e n t  ana em ia
-  HbF<20%

th e n  t h e  dose  was i n c r e a s e d  e v e r y  e i g h t  t o  t w e l v e  weeks i n  
i n c r e m e n t s  o f  5 m g / k g / d  t o  a maximum dose o f  3 5 m g / k g / d .

The end p o i n t s  f o r  dose  e s c a l a t i o n  w e re :

-  no p a i n f u l  e p i s o d e s
-  i n c r e a s e d  HbF
-  i n c r e a s e d  Hb
-  m y e l o t o x i c i t y .

I f  bone mar row  t o x i c i t y  o c c u r r e d , d e f i n e d  a s :

-  n e u t r o p h i l !  c o u n t  <2000 x 1 0 * / !
-  a b s o l u t e  r e t i c u l o c y t e  c o u n t  <80000 x 1 0 V l
-  p l a t e l e t  c o u n t  <100000 x 10 6/ 1

t h e n  t r e a t m e n t  was s t o p p e d . A f t e r  r e c o v e r y  o f  t h e  bone 
m a r ro w ,  HU was r e - i n s t i t u t e d  a t  a dose  o f  2 - 5 m g / k g / d  l e s s  
t h a n  t h e  t o x i c  d ose .  H y d r o x y u r e a  was a l s o  t e m p o r a r i l y  
s t o p p e d  i f  t h e r e  was a s e v e r e  i n f e c t i o n ,  v a s c u l a r  a c c i d e n t  
o r  ' a g g r a v a t i o n  o f  ana em ia  r e q u i r i n g  t r a n s f u s i o n .
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2 .1  STUDY DESIGN

T h i s  was a r e t r o s p e c t i v e ,  d e s c r i p t i v e  s t u d y  o f  c l i n i c a l  and 
h a e m a t o l o g i c a l  o u tc o m e s  i n  c h i l d r e n  w i t h  s i c k l e  c e l l  anaemia  
t r e a t e d  w i t h  h y d r o x y u r e a .  P r e - t r e a t m e n t  h a e m a t o l o g i c a l  
p a r a m e t e r s  were  compared w i t h  p o s t - t r e a t m e n t  v a l u e s  i n  each 
p a t i e n t .  C l i n i c a l  r e s p o n s e s  -  t r a n s f u s i o n  r e q u i r e m e n t s , 
h o s p i t a l  a d m i s s i o n s  and r a t e s  o f  v a s o - o c c l u s i v e  c r i s e s  were  
a l s o  compared p r e - t r e a t m e n t  v e r s u s  on t r e a t m e n t .  These 
c l i n i c a l  r e s p o n s e s  w ere  compared f o r  t h r e e  d i f f e r e n t  t i m e -  
p e r i o d s

1. f o r  t h e  e n t i r e  p e r i o d  o f  f o l l o w - u p  p r i o r  t o  s t a r t i n g  
h y d r o x y u r e a

2. f o r  t h e  t w e l v e - m o n t h  p e r i o d  p r i o r  t o  s t a r t i n g  
h y d r o x y u r e a

3.  f r o m  t h e  t i m e  when HU w o u ld  have  been i n d i c a t e d ,  
based on s y m p t o m a t o l o g y ,  had i t  been a t r e a t m e n t  
o p t i o n .

S t u d y  p o p u l a t i o n

A l l  c h i l d r e n  w i t h  SCA, f o l l o w e d - u p  a t  t h e  C h r i s  Han i  
Ba rag w a na th  and J o h a n n e s b u r g  G e n e r a l  H o s p i t a l s ,  t r e a t e d  
w i t h  h y d r o x y u r e a  w e r e  i n c l u d e d  i n  t h e  s t u d y .  Rec o rd s  
w ere  a n a l y s e d  f r o m  t h e  t i m e  o f  d i a g n o s i s  o f  s i c k l e  c e l l  
ana em ia .

E x c l u s i o n  C r i t e r i a

C h i l d r e n  r e c e i v i n g  r e g u l a r  b l o o d  t r a n s f u s i o n s  f o r  t h e  
p r e v e n t i o n  o f  r e c u r r e n t  s t r o k e  w ere  e x c l u d e d  f r o m  t h e  
a n a l y s e s .

2 . 2  OBJECTIVES 

P r i m a r y  o b j e c t i v e

To a s s e s s  w h e t h e r  HU d e c r e a s e d  t r a n s f u s i o n  r e q u i r e m e n t s  
i n  c h i l d r e n  w i t h  SCA.

S e c o n d a r y  o b j e c t i v e s

a)  To a s s e s s  w h e t h e r  h y d r o x y u r e a  d e c r e a s e d  h o s p i t a l i z a ­
t i o n  i n  c h i l d r e n  w i t h  SCA
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b )  To document  any  t o x i c i t y  a s s o c i a t e d  w i t h  h y d r o x y u r e a

nau sea ,  v o m i t i n g ,  g a s t r o - i n t e s t i n a l  t r a c t  d i s ­
t u r b a n c e  
a l o p e c i a
bone m ar ro w  t o x i c i t y

c )  To compare t h e  r a t e s  o f  v a s o - o c c l u s i v e  e v e n t s  i n  t h e  
tw o  g ro u p s

d )  To compare t h e  HbF l e v e l s  i n  t h e  tw o  g r o u p s

2 . 3  MEASUREMENTS

Data  was o b t a i n e d  f r o m  p a t i e n t  r e c o r d s

Reco rd s  were  a n a l y s e d  f r o m  t h e  t i m e  o f  d i a g n o s i s  o f  SCA

B a s e l i n e  i n v e s t i g a t i o n s  i n c l u d e d

FBC w i t h  d i f f e r e n t i a l  and r e t i c u l o c y t e  c o u n t  
-  HbF

serum c h e m ic a l  v a l u e s  ( u r e a  and e l e c t r o l y t e s )  
l i v e r  f u n c t i o n  t e s t s .

FBCs w e r e  p e r f o r m e d  m o n t h l y  and HbF l e v e l s  t h r e e - m o n t h l y .

Da ta  e x t r a c t e d  f r o m  p a t i e n t  r e c o r d s  i n c l u d e d :

age ,  sex

a n t h r o p o m e t r i c  m easu rem en ts  ( h e i g h t ^  w e i g h t )

t r a n s f u s i o n  r e q u i r e m e n t s  and i n d i c a t i o n s  f o r
t r a n s f u s i o n

s y m p t o m a t i c  e p i s o d e s  o f  a c u t e  a naem ia  ( c a r d i a c
f a i l u r e ,  Hb < 7 g / d l )
s e v e r e  s y m p t o m a t i c  c h r o n i c  anaem ia
a c u t e  c h e s t  syndrome o r  o t h e r  s e v e r e  v a s o -
o c c l u s i  ve  e p i s o d e
bone m ar ro w  t o x i c i t y

number o f  h o s p i t a l i z a t i o n s ,  d u r a t i o n  o f  h o s p i t a l ­
i z a t i o n  and i n d i c a t i o n s  f o r  h o s p i t a l i z a t i o n

r a t e  c f  v a s o - o c c l u s i v e  e v e n t s  and t h e i r  s e v e r i t y
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symptoms o f  t o x i c i t y  r e c o r d e d  on q u e s t i o n i n g

L a b o r a t o r y  D a t a

FBCs w h i c h  had been done m o n t h l y

H a e m o g lo b i n ,  mean c e l l  v o lu m e ,  p l a t e l e t  c o u n t  
and w h i t e  c e l l  c o u n t  w e re  r e c o r d e d

(FBCs were  a n a l y s e d  v i a  t h e  T e c h n i k o n  H*3RTX 
w h i c h  uses  l i g h t  s c a t t e r  and h y d r o d y n a m i c  
f o c u s s i n g  t e c h n i q u e s )

D i f f e r e n t i a l  c o u n t s  and r e t i c u l o c y t e  c o u n t s  
( w h i c h  w ere  a s s e s s e d  m a n u a l l y )

HbF ( w h i c h  was d e t e r m i n e d  by t h e  a l k a l i n e  
d e n a t u r a t i o n  t e s t )

The m ax im a l  HbF a c h i e v e d  by each p a t i e n t ,  as w e l l  
as when i t  o c c u r r e d

The dose o f  HU, e x p r e s s e d  i n  m i l l i g r a m s  p e r  k i l o g r a m .

2 . 4  DATA ANALYSIS

Da ta  was a n a l y s e d  u s i n g  a s t a t i s t i c a l  s o f t w a r e  packa ge
( S t a t i s t i x ) , w i t h  t h e  a i d  o f  a s t a t i s t i c i a n .  F o r  t h e  
c o m p a r i s o n  o f  means t h e  W i l c o x a n  m a tc hed  p a i r s  s i g n e d  r a n k s  
t e s t  was used b eca use  o f  t h e  s m a l l  sa m p le  s i z e .  To a ssess
t h e  c o r r e l a t i o n  be tw een  s i g n i f i c a n t  r e s u l t s  a n o n - p a r a m e t r i c  
t e s t ,  t h e  S p ie rm a n  r a n k  c o r r e l a t i o n  t e s t ,  was u s e d . A ' p ' 
v a l u e  o f  l e s s  t h a n  0 . 0 5  was used t o  i n d i c a t e  s t a t i s t i c a l
s i g n i f i c a n c e .

2 . 5  ETHICAL CLEARANCE

E t h i c a l  c l e a r a n c e  was o b t a i n e d  f r o m  t h e  C o m m i t t e e  f o r
R ese a rch  on Human S u b j e c t s  ( P r o t o c o l  number M O O /2 /2 1 ) .  T h i s  
c e r t i f i c a t e  has been i n c l u d e d .
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3. RESULTS

There were ten patients who had been treated with hydroxyurea available for evaluation.

Age
The median age was 9 years with a range from 2 to 14 years.

Sex
There were four males and six females.

Duration of Follow-Op
The median duration of follow-up was 13 months with a range from 3 to 20 months.

Toxicity or Cessation of Treatm ent
There was no documented toxicity either symptomatically or in terms of bone marrow suppression. 

Dose a t Twel v-i Months
The mean dose of hydroxyurea was 22,2 mg/kg/day 
The median dose 23,75 mg/kg/day 
The maximum dose 30 mg/kg/day

3.1 CLINICAL OUTCOMES

The rate of vaso-occlusive crises (episodes per year), the frequency and duration of hospitalisation 
(days per year) and transfusion requirements were compared before and during hydroxyurea 
treatment. For vaso-occlusive crises and hospitalisation three different time periods were compared. 
Firstly the whole period of follow-up prior to starting HU; secondly, the twelve month period 
preceding HU treatment; and thirdly from the time when HU would have been indicated on the 
basis of disease severity.

Patient number one presented with a splenic crisis, had a history of recurrent crises, and was started 
on hydroxyurea. There was therefore no pre-treatment data available for this patient.



3.1.1 VASO-OCCLUSIVE CRISES

a  The frequency of vaso-occlusive crises (VOCs) before treatment and during treatment are presented 
in the following table (3.1).

Patient Age, Sex Before treatment During treatment
Total Duration of VOCs Total Duration of VOCs

Number follow up per year Number Follow up per year
(months) (months)

1 3 yrs, male 1 14 0.85

2 5 yrs, male 3 38 0,95 0 7 0

3 10 yrs, female 1 49 0,25 0 4 0

4 10 yrs, male 1 18 0.66 1 14 0,85

5 ■ 7 yrs, female 1 48 0,25 0 12 0

6 12 yrs, female 1 48 0,25 0 13 0

7 14 yrs, female 5 139 0,43 1 13 0,92

8 2 yrs, male 4 14 3,4 0 3 0

9 8 yrs, female 7 54 1,5 2 11 2,18

10 14 yrs, female 8 18 5,3 3 20 1,8

Total 31 426 0,87 8 111 0,86

Before treatm ent During treatm ent

Mean number Vt 'Cs/yr 1,44 vs 0,62
Minimum number VOCs/yr 0,25 vs 0 p = 0,24
Median number VOCs/yr 0,66 vs 0,43
Maximum number VOCs/yr 5,3 vs 1,8

Similarly, VOCs were compared for the year prior to starting hydroxyurea with those on treatment.

Before treatment During treatm ent

13 VOCs in 108 months vs 8 VOCs in 111 months
giving 1,44 VOCs/yr giving 0,86 VOCs/yr

Mean number VOCs/yr 1,44 vs 0,62
Minimum number VOCs/yr 0 vs 0
Median number VOCs/yr 1 vs 0,43 p = 0,05
Maximum number VOCs/yr 7 vs 1,8
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c. VOCs were also compared from the time when hydroxyurea would have been indicated on the basis of 
crises to those occurring on treatment.

Before treatm ent

28 VOCs in 278 months 
giving 1,2 VOCs/yr

Mean number VOCs/yr 
Minimum number VOCs/} 
Median number VOCs/yr 
Maximum VOCs/year

During treatm ent

vs 8 VOCs in 111 months 
giving 0,86 VOCs/yr

3,09 vs 0,62
0,25 vs 0

1 vs 0,43 p = 0,05
16,8 vs 1,8

3.1.2 HOSPITALIZATION

a. Table 3.2 Number of days per year spent in hospital before treatm ent compared to on 
treatment.

Patient

1 

2

3

4

5

6

7

8

9

10 

Total

Before treatment 
Total Duration of Days 

Number follow up per year 
Days (months)

During treatment 
Duration of 
Follow up 
(months)

Total
Number

Days

Days 
per year

2,25

1,25

139 1,31

12,8

56,6 16,2

426 111211

Before treatm ent

Mean number of days/yr 10,64 vs 4,26
Minimum number of days/yr 1,25 vs 0
Median number of days/yr 3,3 vs 2,3
Ma1 mm number of days/yr 56,6 vs 16,2

p = 0,12
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b. Hospitalization was also compared for the year prior to treatment versus during treatment.

Before treatm ent During treatm ent

There were 105 days spent in hospital There were 56 days of hospitalization
in 108 months, giving a weighted in 111 months, giving an average of
average of 11,6 days/year 6 days/year

Mean number of hospitalized days/year were: 11,67 vs 4,26

Minimum number 0 vs 0 p = 0,28
Median number 5 vs 2,3
Maximum number 79 vs 16,2

C, When omparing hospitalization from the time when hydroxyurea would have been indicated on the basis of 
crises, there was a significant difference before treatment compared to during treatment.

Before treatment

198 days were spent in hospital in 278 
months, giving a weighted average 
of 8,55 days/year

Mean number of days spent in 
hospital per year:

Minimum number 
Median number 
Maximum number

During treatm ent

56 days were spent in hospital in 111 
months, giving a weighted average of 
6 days/year

28,55 vs 4,26

1,47 vs 0
3,55 vs 2,3 p = 0,04

189,9 vs 16,2



3.1.3 TRANSFUSION REQUIREMENTS

Table 3.3
Transfusion requirements before treatment compared to on treatm ent

Before treatment During treatment

Patient
Total

Transfusions
Duration of 
follow up 
(months)

Transfusions 
per year

Total
Transfusions

Duration of 
Follow up 
(months)

Transfusions 
per year

1 1 14 0,85

2 1 38 0,3 0 7 0

3 2 49 0,49 0 4 0

4 2 18 1,3 1 14 0,85

5 24 48 6 0 12 0

6 28 48 7 0 13 0

7 18 139 1.6 I 13 0,92

8 1 14 0,85 0 3 0

9 16 54 3,5 4 11 4,3

10 13 18 8,6 0 20 0

Total 105 426 3 7 111 0,75

Mean number of transfusions/year 3,29 vs 0,71
Minimum number per year 0,3 vs 0
Median number per year 1,6 vs 0
Maximum number per year 8,6 vs 4,3

p = 0,00001
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3.2 HAEMATOLOGICAL RESPONSES

Table 3.4
Laboratory Values Before and During Treatment with Hydroxyurea

Before At HbF 
Treatm ent max*

1. H bg/dl
Mean 7,16 8,09
Minimum 5,5 6,2
Median 7,3 8,2
Maximum 8,1 9,9
p value 0,0092

IbF %
Mean 4,55 18,22
Minimum 2,7 2,5
Median 3,95 7,9
Maximum 10,3 54,7
p value 0.01

MCV (fl)
Mean 91,7 99,8
Minimum 78 92
Median 92 95
Maximum 104 117
p value 0,08

Reticulocytes %
Mean 27,7 13,7
Minimum 12,4 4,1
Median 25,2 12,7
Maximum 54 29,0
p value 0,02

* HbF max refers to the point in time when

3 mo 6 mo 9 mo 12 mo

7,7 8,03 8,4 8,0
5,5 6,2 7,2 7,2
8,1 7,8 8,2 8,0
9,2 9,9 10,7 9,2

0,02 0,01 0,08 0,04

14,97 17,4 12,3 10,14
1,9 2,5 2,6 5,7
6,8 5,2 4,2 7,5

39,2 54,7 41J 23,7
0,15 0,24 0,32 0,11

100,7 98,9 98,1 105
83 84 84 92

97,5 99,5 101 102
125 117 110 129

0,04 0,13 0,13 0,11

19,0 13 7,0 10
8,4 0,6 0,3 . 4,1

19,3 14,5 3,7 7,9
31,0 20,3 17 20
0,14 0,005 0,05 0,15

maximal HbF level was obtained.

A t no time during treatment was there any significant difference in the absolute neutrophil count (p = 0,5) or 
the platelet count (p = 0,1).
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4 . 0  DISCUSSION

Ih t e r m s  o f  c l i n i c a l  r e s p o n s e  t o  HU, t h e r e  was no d i f f e r e n c e  
i n  t h e  number o f  v a s o - o c c l u s i v e  c r i s e s  f o r  t h e  e n t i r e  p e r i o d  
p r i o r  t o  t r e a t m e n t  compared  w i t h  t h e  num ber on t r e a t m e n t  
(p  = 0 . 2 4 ) .  Jayabose  e t  a l  ( 5 )  showed a s i g n i f i c a n t  d i f f e r e n c e  
when c o m p a r i n g  t h e s e  t w o  g r o u p s  and f e l t  t h a t  c o m p a r i n g  t h e  
num ber o f  c r i s e s  f o r  t h e  e n t i r e  p e r i o d  gave  a b e t t e r  
i n d i c a t i o n  o f  t h e  t r u e  p r e - t r e a t m e n t  r a t e . H o w e v e r , many o f  
t h e  c h i l d r e n  had been f o l l o w e d - u p  f r o m  a yo ung a g e , when
t h e y  w ere  r e l a t i v e l y  a s y m p t o m a t i c  i n  t e r m s  o f  v a s o - o c c l u s i o n  
p o s s i b l y  bec ause  o f  t h e  p h y s i o l o g i c a l l y  h i g h e r  HbF i n  young 
c h i l d r e n .  A l s o ,  b ec a us e  o f  t h e  s m a l l  samp le  s i z e ,  t h e  
r e s u l t s  may be skewed by a n o n - r e s p o n d e r . T h e r e  was no p r e ­
t r e a t m e n t  d a t a  a v a i l a b l e  f o r  p a t i e n t  1, and t h e  f o l l o w - u p  
f o r  p a t i e n t s  3 and 8 was s h o r t ,  w h i c h  may have  i n f l u e n c e d
t h e  r e s u l t s .  To c o n t r o l  f o r  se ason v a r i a t i o n  and t h e  known
e p i s o d i c  n a t u r e  o f  VOCs we a l s o  p e r f o r m e d  t h e  p r e - t h e r a p y  
a n a l y s i s  f o r  t h e  t w e l v e - m o n t h  p e r i o d  p r i o r  t o  s t a r t i n g
h y d r o x y u r e a .  Here  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
f r e q u e n c y  o f  c r i s e s  ( p = 0 . 0 5 ) .  Because t h i s  was an u n c o n t r o l ­
l e d  s t u d y  we "c o m pa re d  t h e  r a t e s  o f  VOCs f r o m  t h e  t i m e  when
HU w o u ld  have  been i n d i c a t e d  on t h e  b a s i s  o f  c r i s e s .  A l l  t h e
p a t i e n t s  e x c e p t  one ( p a t i e n t  3 )  f u l f i l l e d  t h e  c r i t e r i a  f o r  
HU., t h e r a p y  l o n g  b e f o r e  we s t a r t e d  u s i n g  i t .  Once a g a i n  t h e r e  
was a s t a t i s t i c a l l y  s i g n i f i c a n t  d e c r e a s e  i n  c r i s i s  r a t e  
( p = 0 . 0 5 ) .  The d i f f e r e n c e  i n  VOCs ( i . e .  VOC r a t e  b e f o r e  
t r e a t m e n t  m in us  t h e  VOC r a t e  on t r e a t m e n t )  c o r r e l a t e d  
s i g n i f i c a n t l y  w i t h  t h e  m ax im a l  HbF ( p < 0 . 0 5 )  i . e .  a l a r g e
r e d u c t i o n  i n  v a s o - o c c l u s i o n  was a s s o c i a t e d  w i t h  a h i g h  HbF .

In t e r m s  o f  h o s p i t a l i z a t i o n  t h e r e  was-, a g a i n  no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  num ber o f  days  p e r  y e a r  p r i o r  t o  t r e a t m e n t  
compared w i t h  on t r e a t m e n t  ( p = 0 . 1 2 ) .  T h e r e  was a l s o  no
d i f f e r e n c e  i n  h o s p i t a l i z a t i o n  i n  t h e  y e a r  p r i o r  t o  t r e a t m e n t
v e r s u s  on t r e a t m e n t  ( p = 0 . 2 8 ) .  T he re  w a s , h o w e v e r , a s i g n i f ­
i c a n t  d e c r e a s e  i n  h o s p i t a l i z a t i o n  when compared f r o m  t h e  
t i m e  when HU w o u ld  have  been i n d i c a t e d  ( p = 0 . 0 4 ) .  T h i s  
r e d u c t i o n  i n  h o s p i t a l i z a t i o n  c o r r e l a t e d  w i t h  t h e  r e d u c t i o n  
i n  v a s o - o c c l u s i o n  ( p < 0 . 0 5 ) .

T h e r e  was a s i g n i f i c a n t  d e c r e a s e  i n  t r a n s f u s i o n  r e q u i r e m e n t s  
on HU t r e a t m e n t  ( p = 0 .0 0 0 0 1 )  even when compared w i t h  t h e  
e n t i r e  p r e - t r e a t m e n t  p e r i o d .  A l t h o u g h  t h e r e  was a l s o  a
s i g n i f i c a n t  i n c r e a s e  i n  h a e m o g l o b i n ,  t h e  d e c r e a s e  i n
t r a n s f u s i o n  r e q u i r e m e n t s  i s  s l i g h t l y  b i a s e d .  P r i o r  t o  HU 
t r e a t m e n t  p a t i e n t s  w e re  o f t e n  t r a n s f u s e d  i f  t h e i r  haemo­
g l o b i n  was l e s s  t h a n  7 g / d l ,  even t h o u g h  no p a t i e n t s  w e re  on 
s t r i c t  t r a n s f u s i o n  p ro g r a m m e s . Once on HU, t r a n s f u s i o n  was
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a v o i d e d  and p a t i e n t s  w e re  more l i k e l y  t o  be a l l o w e d  t o  
c o n t i n u e  w i t h  h a e m o g l o b i n s  o f  l e s s  t h a n  7 g / d l  i f  t h e y  were  
a s y m p t o m a t i c .  The d i f f e r e n c e  i n  t r a n s f u s i o n  r e q u i r e m e n t  was 
n o t  s i g n i f i c a n t l y  r e l a t e d  t o  t h e  m ax im a l  HbF and was n o t  
r e l a t e d  t o  any d i f f e r e n c e  i n  v a s o - o c c l u s i o n  o r  h o s p i t a l i z a ­
t i o n .

T h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  h a e m o g l o b i n  on HU 
t r e a t m e n t . The i n c r e a s e  was m ax im a l  when HbF was m a x i m a l , 
i r r e s p e c t i v e  o f  when HbFmax o c c u r r e d . The i n c r e a s e  i n  
h a e m o g l o b i n  was s u s t a i n e d  and was s i g n i f i c a n t l y  r e l a t e d  t o  
t h e  d e c r e a s e  i n  v a s o - o c c l u s i o n ,  b u t  n o t  s i g n i f i c a n t l y  
r e l a t e d  t o  h o s p i t a l i z a t i o n  o r  t r a n s f u s i o n .

T h e r e  was marked v a r i a t i o n  i n  t h e  HbF r e s p o n s e .  HbF was o n l y  
s i g n i f i c a n t l y  i n c r e a s e d  when r e c o r d e d  a t  i t s  maximum. HbFmax 
o c c u r r e d  a t  v a r y i n g  p o i n t s  i n  t i m e ,  b u t  b o t h  t h e  mean and 
m ed ia n  t i m e  t o  r e a c h  HbFmax was n i n e  m o n t h s . The d i f f e r ­
ence  i n  HbF was s i g n i f i c a n t l y  r e l a t e d  t o  t h e  d i f f e r e n c e  i n  
v a s o - o c c l u s i o n  and h a e m o g l o b i n ,  b u t  n o t  t o  h o s p i t a l i z a t i o n ,  
i t  i s  u n c e r t a i n  w ha t  d e t e r m i n e s  a p a t i e n t ' s  HbF r e s p o n s e .  In  
t h i s  s t u d y  t h e  dose o f  HU was n o t  r e l a t e d  t o  HbFmax o r  any 
d i f f e r e n c e  i n  v a s o - o c c l u s i o n .  The dose  was a l s o  n o t  r e l a t e d  
t o  any d i f f e r e n c e  i n  h a e m o g l o b i n .  C o m p l i a n c e  i s  u n d o u b t e d l y  
a p r o b l e m  i n  a l l  p a t i e n t s ,  b u t  p r o b a b l y  more  so i n  t h o s e  o f  
l o w e r  s o c i o - e c o n o m i c  c l a s s .  In 10 t o  25 p e r c e n t  o f  a d u l t  
p a t i e n t s  h y d r o x y u r e a  does n o t  cause  an i n c r e a s e  i n  HbF , 
p o s s i b l y  r! 'e t o  v a r i a t i o n s  i n  d r u g  m e t a b o l i s m ,  g e n e t i c  
f a c t o r s  o r  bone m ar row  r e s e r v e  ( 4 ) .  H o w e v e r , M a i e r - R e d e l s -  
p e r g e r  e t  a l  ( 1 6 )  f o u n d  no c o r r e l a t i o n  be tw een  m y e l o t o x i c  
e v e n t s  and HbF i n c r e a s e ,  s u g g e s t i n g  t h a t  m ar ro w  r e s e r v e  does 
n o t  i n f l u e n c e  HbF r e s p o n s e  i n  c h i l d r e n .  A l t h o u g h  t h e r e  was a 
t r e n d  t o w a r d s  g r e a t e r  HbFmax ' s i n  p a t i e n t s  w i t h  h i g h e r  b a s e ­
l i n e  H bFs , t h i s  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  p o s s i b l y  
b eca use  o f  t h e  s m a l l  s a m p le  s i z e  ( F i g  4 . 1 ) .

T h e r e  was no s i g n i f i c a n t  i n c r e a s e  i n  mean c e l l  vo lume  
( p = 0 . 0 7 ) .  Mean c e l l  vo lu m e  was n o t  s i g n i f i c a n t l y  r e l a t e d  t o  
HbFmax. O t h e r  s t u d i e s  have  shown a r e l a t i o n s h i p  be tw een  HbF 
and mean c e l l  vo lume  and have  s u g g e s t e d  t h a t  t h e  i n c r e a s e  in 
mean c e l l  vo lume  be used t o  m o n i t o r  HbF r e s p o n s e .

T h e r e  was a s i g n i f i c a n t  d e c r e a s e  i n  r e t i c u l o c y t e  p e r c e n t a g e  
w h i c h  was r e l a t e d  t o  HbFmax. T h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  i n  a b s o l u t e  n e u t r o p h i l  c o u n t  o r  p l a t e l e t  c o u n t . 
The d e c r e a s e  i n  r e t i c u l o c y t e s  was t h e r e f o r e  l i k e l y  t o  be 
s e c o n d a r y  t o  ,3 d e c r e a s e  i n  h a e m o l y s i s  r a t h e r  t h a n  a bone 
mar ro w  s u p p r e s s i v e  e f f e c t ,  e s p e c i a l l y  as i t  was a s s o c i a t e d  
w i t h  an i n c r e a s e  i n  h a e m o g l o b i n .
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F i g  4 . 1  S c a t t e r  p l o t  o f  HbF ON vs  HbF BE

HbF ON i s  t h e  m ax im a l  HbF a t t a i n e d  
HbF BE i s  t h e  b a s e l i n e  HbF
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5 . 0  CONCLUSION

H y d r o x y u r e a  d e c r e a s e s  t h e  r a t e  o f  v a s o - o c c l u s  i o n  i n  s e v e r e l y  
a f f e c t e d  c h i l d r e n  w i t h  s i c k l e  c e l l  ana em ia  and d e c r e a s e s  t h e  
t r a n s f u s i o n  r e q u i r e m e n t s . These  c l i n i c a l  b e n e f i t s  a re  
s e c o n d a r y  t o  i n c r e a s e d  h a e m o g l o b i n  l e v e l s  and HbF p e r c e n t ­
ages.  The c l i n i c a l  and h a e m a t o l o g i c a l  r e s p o n s e s  a r e  g r e a t e s t  
when HbF i s  m a x i m a l . HbFmax i s  n o t  d o s e - r e l a t e d .  The 
d e t e r m i n a n t s  o f  HbF r e s p o n s e  have  s t i l l  t o  be e v a l u a t e d .  
T h e r e  was no s h o r t - t e r m  t o x i c i t y  a s s o c i a t e d  w i t h  
h y d r o x y u r e a .  Because  l o n g - t e r m  e f f e c t s  a r e  s t i l l  unknown,  
h y d r o x y u r e a  s h o u l d  be r e s e r v e d  f o r  p a t i e n t s  who have 
c o m p l i c a t i o n s  t h a t  a r e  s u f f i c i e n t  t o  j u s t i f y  t r e a t m e n t .  
O n go ing  s t u d i e s  a r e  needed t o  a s s e s s  l o n g - t e r m  e f f e c t s .
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