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“There are more things in heaven and earth, Horatio, 
than are dreamt of in your philosophy…” 

William Shakespeare, Hamlet 
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 New	  molecules	  

 New	  safety	  issues	  
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1.  Growth	  Hormone	  Deficiency	  

2.  Turner	  syndrome	  
3.  Prader-‐Willi	  syndrome	  
4.  Chronic	  renal	  insufficiency	  
5.  Children	  born	  SGA	  with	  subsequent	  

growth	  failure	  at	  4	  years	  of	  age	  or	  later	  
6.  Short	  stature	  homeobox-‐containing	  gene	  

(SHOX)	  deficiency	  



inal biologicals often wish to limit competition, whereas
policymakers see biosimilars as a way to substantially cut
healthcare costs. The Congressional Budget Office projects
biosimilars saving up to $25 billion over 9 yr (14). Many
countries have created mechanisms for approval of biosimi-
lars. Reform legislation recently passed by the U.S. Congress
(HR 3590; The Patient Protection and Affordable Care Act
of 2010, Public Law 111-148) provides, for the first time, a
clear statutory mechanism for FDA approval of biosimilars.

Policies that Determine Return on
Investment: Insurance Coverage and
Pricing

Access to GH and other expensive biologicals depends, in
large part, on public and private insurers’ coverage, pay-
ment, and benefit policies.

Medicaid
One quarter of U.S. children receive public insurance

through Medicaid and the Children’s Health Insurance Pro-

gram (CHIP) (Ref. 15 and www.kaiseredu.org/tutorials/
medicaidbasics2009). Whether (and at what level) short
stature is a condition or disease has been debated exten-
sively by medical and bioethics experts; however, policy
decisions on this issue by state Medicaid agencies have
great practical impact because they influence whether GH is
covered under the fundamental Medicaid benefit, Early and
Periodic Screening, Diagnostic, and Treatment Services
(EPSDT) (www.kff.org/medicaid/7397.cpm). Individual
state Medicaid agencies can arrive at different conclusions
about such coverage, although, in aggregate, they have been
more willing to cover GH than many private insurers (16).
This is similar to findings that Medicaid agencies often pro-
vide services limited or excluded under private health plans
(www.kff.org/medicaid/7397.cpm),althoughundercurrent
state budget constraints this may change. Moreover, recent
legislation (Children’s Health Insurance Program Reau-
thorization Act of 2009) created a new entity, the Med-
icaid and CHIP Payment and Access Commission
(MACPAC), to advise Congress on a wide range of Med-
icaid and CHIP issues, including policies on access to ser-

TABLE 1. FDA-approved indications for human GH

Year of FDA
approvala Indication Recommended dosesb

1985 GH deficiency 0.16–0. 3 mg/kg ! wk (up to 0.7 mg/kg ! wk approved in
pubertal patients)

1993 Chronic renal insufficiency Up to 0.35 mg/kg ! wk until renal transplantation
1996 Turner syndrome 0.33 mg/kg ! wk; other approved doses are up to 0.375 or

0.469 mg/kg ! wk
1997 Adult GH deficiency FDA-approved starting dose, schedule for dose increase,

and maximum doses varyc

2000 Prader-Wlli syndrome 0.24 mg/kg ! wk
2001 Small for gestational age (and failure to manifest

catch-up growth by 2–4 yr)
0.33 mg/kg ! wk; other approved dose ranges are 0.231–

0.469 mg/kg ! wk based on initial height and response
to treatment and up to 0.48 mg/kg ! wk

2003 Idiopathic short stature Approved doses are up to 0.3 mg/kg ! wk, 0.37
mg/kg ! wk, and, and 0.47 mg/kg ! wk

2003 Short bowel syndrome in patients receiving
specialized nutritional support (no pediatric
studies when approved)

0.1 mg/kg ! d (0.7 mg/kg ! wk), up to a maximum of 8
mg/d; administration for more than 4 wk was noted not
to have been adequately studied

2003 HIV patients with wasting or cachexia (adults) From 0.1 mg/kg ! d (0.7 mg/kg/wk) if !35 kg to 6 mg/d if
"55 kg

2006 SHOX (short stature homeobox-containing gene)
deficiency

0.35 mg/kg ! wk

2007 Noonan syndrome Up to 0.066 mg/kg ! d (i.e. 0.469 mg/kg ! wk)

Unless otherwise stated, data in table refer to children with short stature. Current nonapproved uses of GH in children are cystic fibrosis, steroid-
mediated growth failure, HIV, and inflammatory bowel disease.
a Year of initial approval by the FDA for the designated indication. Subsequently, the FDA may have approved other GH products for the
designated indication. The reader is referred to www.fda.gov/Drugs/InformationonDrugs (drug approvals and databases) for additional
information.
b Doses shown are based on all GH products with FDA approval for the designated indication. Where there is a wide range of doses, the range is
indicated. Data were provided by the FDA. Average wholesale price for most innovator brands of GH is approximately $76/mg and $55/mg for
biosimiilar GH (www.AmericourceBergen.com; January 23, 2010).
c Issues related to dosing for adult GH deficiency are summarized in The Endocrine Society Clinical Practice Guideline (www.endo-society.org/
guidelines/Current-Clinical-Practice-Guidelines.cfm (Evaluation and Treatment of Adult GH Deficiency).

3150 Cuttler and Silvers GH and Health Policy J Clin Endocrinol Metab, July 2010, 95(7):3149–3153



  Ferring	  (Zomacton):	  growth	  hormone	  deficiency	  and	  Turner	  syndrome.	  	  
  Ipsen	  (NutropinAq):	  growth	  hormone	  deficiency;	  Turner	  syndrome	  and	  

CRI.	  
  Lilly	  (Humatrope):	  growth	  hormone	  deficiency;	  Turner	  syndrome;	  CRI;	  

short	  children	  born	  small	  for	  gestational	  age	  and	  SHOX	  deficiency.	  
  Merck	  Serono	  (Saizen):	  growth	  hormone	  deficiency;	  Turner	  syndrome;	  

CRI	  and	  short	  children	  born	  small	  for	  gestational	  age.	  	  
  Novo	  Nordisk	  (Norditropin	  SimpleXx):	  growth	  hormone	  deficiency;	  

Turner	  syndrome;	  CRI	  and	  short	  children	  born	  small	  for	  gestational	  age.	  	  
  Pfizer	  (Genotropin):	  growth	  hormone	  deficiency;	  Turner	  syndrome;	  CRI;	  

Prader–Willi	  syndrome	  and	  short	  children	  born	  small	  for	  gestational	  age.	  

  Sandoz	  (Omnitrope):	  growth	  hormone	  deficiency;	  Turner	  syndrome;	  CRI;	  
Prader–Willi	  syndrome	  and	  short	  children	  born	  small	  for	  gestational	  age.	  



Drake, W. M. et al. Endocr Rev 2001;22:425-450 
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 Normalization	  of	  height	  during	  
childhood.	  

	  
 Attainment	  of	  normal	  adult	  height.	  

GH	  RESEARCH	  SOCIETY	  ON	  CHILD	  AND	  ADOLESCENT	  GH	  DEFICIENCY	  
JCE	  &	  M	  2000	  Vol.	  85	  	  	  No.	  11	  



Starting	  height	  (E)	  and	  near-‐adult	  height	  (F)	  after	  GH	  treatment	  in	  male	  (A;	  n505)	  and	  
female	  (B;	  n331)	  Caucasian	  children	  with	  idiopathic	  GHD.	  The	  curves	  represent	  means	  (solid	  
lines),	  2	  SD	  (broken	  lines),	  and	  4	  SD	  (dotted	  lines).	  Box	  plots	  represent	  medians	  and	  25th	  and	  
75th	  percentiles,	  with	  whiskers	  at	  the	  10th	  and	  90th	  percentiles.	  

Reiter EO et al. JCEM, 2006; 91:2047-2054 



Adult	  height	  achieved	  at	  the	  end	  of	  therapy	  according	  to	  
literature	  
	  

  Height:	  -‐0.7	  	  to	  -‐1.3	  SDS	  
  Height	  corrected	  for	  MPH:	  -‐0.4	  to	  –0.6	  SDS	  
	  	  
	  Predictive	  factors:	  

	  
  Height	  at	  initiation	  of	  GH	  therapy	  
  Age	  at	  initiation	  of	  GH	  therapy	  
  Treatment	  	  duration	  
  Height	  velocity	  during	  first	  year	  of	  treatment	  
  GH	  dose	  
  Baseline	  IGF-‐I	  levels	  
  Compliance	  
  Appropriate	  replacement	  therapy	  of	  associated	  pituitary	  

deficiencies	  (such	  as	  thyroid	  hormone	  and	  glucocorticoids)	  
	  



  Growth	  hormone	  deficiency	  8–11	  cm	  

  Turner	  syndrome	  approx.	  7	  cm	  
  CRI	  3–9	  cm	  
  Prader–Willi	  syndrome	  10–11	  cm	  +	  statistically	  
significant	  changes	  in	  measures	  of	  body	  
composition	  	  

  SGA	  approx.	  6	  cm	  favorable	  changes	  in	  
measures	  of	  body	  composition	  	  

  ISS	  approx.	  4	  cm	  



  £6000	  per	  cm	  final	  height	  for	  growth	  
hormone	  deficiency;	  

  from	  £15,800	  to	  £17,300	  per	  cm	  for	  Turner	  
syndrome;	  

  from	  £7400	  to	  £24,100	  per	  cm	  for	  CRI;	  
  approximately	  £7030	  per	  cm	  for	  Prader–Willi	  
syndrome.	  

  Approximately	  €25000	  for	  SGA.	  
  Approximately	  €27000	  for	  ISS.	  



 Body	  composition	  

 Bone	  mineralization	  

 Lipid	  profile	  

 Quality	  of	  life??	  



placebo 

Ross	  J	  et	  al.	  Pediatrics	  2010;125:e906–e918	  



Ross	  J	  et	  al.	  Pediatrics	  2010;125:e906–e918	  
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Growth	  Hormone	   Aspirin	  



  A	  medicinal	  product	  developed	  by	  a	  new	  
manufacturer	  and	  claimed	  to	  be	  similar	  to	  a	  
known	  (‘reference’)	  BMP.	  	  

	  	  
  A	  biosimilar	  BMP	  contains	  the	  same	  active	  
substance	  as	  the	  reference	  BMP	  and	  is	  
intended	  to	  be	  used	  for	  treating	  the	  same	  
disease(s),	  at	  the	  same	  dose	  and	  using	  the	  
same	  route	  of	  administration.	  



Drug Global market size 
(US$ bn, 2002) 

Epoetins 8.4 

Insulins 4.4 

Interferon-α 4.0 

Colony-stimulating 
factors 

2.7 

Interferon-β 2.4 

Growth hormones 1.7 

Follicle-stimulating 
hormones 

0.8 

Reuters	  Business	  Insight	  healthcare	  report,	  2003.	  

	  





  A	  recent	  estimation	  by	  the	  Congressional	  
Budget	  Office	  estimates	  that	  enactment	  of	  
biosimilars	  legislation	  would	  reduce	  total	  U.S.	  
expenditures	  on	  biologicals	  by	  $25	  billion	  
over	  the	  2009–2018	  period,	  with	  competition	  
beginning	  for	  most	  products	  not	  before	  the	  
second	  half	  of	  this	  period.	  This	  would	  equal	  
about	  0.5%	  of	  national	  spending	  on	  all	  
prescribed	  medicines.	  



  The	  efficacy	  is	  demonstrated	  in	  therapeutic	  
equivalence	  trial(s),	  the	  safety	  of	  a	  biosimilar	  
BMP	  may	  differ	  from	  that	  of	  its	  reference	  BMP	  
due	  to	  differences	  in	  the	  quality	  attributes	  of	  
both	  products,	  which	  may	  or	  may	  have	  not	  been	  
apparent	  during	  the	  quality	  comparability	  
exercise.	  

  Because	  such	  differences	  may	  have	  
unforeseeable	  clinical	  consequences,	  the	  clinical	  
safety	  of	  a	  new	  biosimilar	  BMP	  must	  be	  
extensively	  evaluated	  both	  before	  and	  after	  
marketing	  authorization.	  



  Detected	  or	  undetected	  differences	  between	  the	  biosimilar	  and	  the	  
reference	  BMP	  may	  cause	  differences	  in	  safety	  or	  the	  efficacy	  profile.	  	  

  Considering	  that	  these	  differences	  may	  not	  be	  observed	  until	  more	  
experience	  with	  these	  biosimilar	  BMPs	  is	  acquired,	  a	  systematic	  and	  
uncontrolled	  substitution,	  does	  not	  appear	  reasonable	  at	  this	  time.	  	  

  In	  principle	  it	  is	  not	  recommended	  to	  switch	  patients	  from	  one	  BMP	  to	  
another.	  There	  is	  no	  reason	  to	  depart	  from	  this	  recommendation	  for	  a	  
biosimilar	  product.	  

  Since	  biosimilar	  and	  biological	  reference	  medicines	  are	  not	  identical,	  
EMEA	  recommends	  that	  the	  decision	  to	  treat	  a	  patient	  with	  a	  reference	  or	  
a	  biosimilar	  medicine	  should	  be	  taken	  following	  the	  opinion	  of	  a	  qualified	  
healthcare	  professional	  [EMEA,	  Questions	  and	  Answers	  on	  biosimilar	  
medicines	  (similar	  biological	  medicinal	  products),	  EMEA/74562/2006,	  2007].	  
Automated	  substitution	  of	  biopharmaceuticals	  (including	  biosimilars)	  on	  
the	  pharmacy	  level	  has	  been	  excluded	  by	  legal	  or	  administrative	  
regulations	  in	  several	  European	  countries.	  
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SAGHE 
 Safety and Appropriateness of  
Growth Hormone treatments in 

Europe 
 
 





Observed Expected* SMR (95% CI) 
Overall 93 69.67 1.33 (1.08 - 1.64) 

Mean growth hormone dose (µg/kg/
day) 

0 - 20 (n = 2277) 32 29.77 1.07 (0.74 - 1.52) 
20 - 30 (n = 3196) 35 29.07 1.20 (0.84 - 1.67) 

30 - 50 (n = 578) 5 3.54 1.41 (0.45 - 3.29) 
>50 (n = 285) 6 1.76 3.41 (1.25 - 7.43) 

Treatment duration (years) 
0 - 2 (n = 1467) 29 15.87 1.83 (1.22 - 2.62) 
2 - 4 (n = 2650) 36 29.72 1.21 (0.85 - 1.68) 

>4 (n = 2285) 26 21.12 1.23 (0.80 - 1.80) 

All-causes mortality – exposure to growth hormone 



France	   Neoplasms	   Observed	   Expected	   SMR 
(95% CI)	  

 
Malignant neoplasm of bone 

and articular cartilage	  

 
 
3	  

 
 

0.60	  

 
 

5.00 
(1.01-14.61)	  

Cerebrovascular diseases	   4	   0.76	   5.29 
(1.42-13.55)	  

Sweden, The Netherlands,  
Belgium	  

Cause of Death	   Number of deaths	  

Traffic accident	   5	  
Accident	   2	  
Suicide	   4	  

Homicide	   1	  
Poisoning	   4	  

Pneumonia	   1	  
Other Endocrine Dysfunction	   1	  

Primary cardiomyopathy	   1	  
Immune deficiency	   1	  
Coagulation defect	   1	  

Cancer	   0	  
Cerebrovascular diseases	   0	  



Model	  for	  the	  activation	  of	  the	  growth	  hormone	  receptor	  	  
by	  growth	  hormone	  

Brooks,	  A.	  J.	  &	  Waters,	  M.	  J.	  
The	  growth	  hormone	  receptor:	  mechanism	  of	  activation	  and	  clinical	  implications	  

	  Nat.	  Rev.	  Endocrinol.	  doi:10.1038/nrendo.2010.123	  


