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•  physiology/pathophysiology	  
•  in	  vitro	  studies	  
•  animal	  studies	  
•  epidemiologic	  studies	  
•  GH	  excess	  clinical	  seFngs	  

–  acromegaly	  
–  unlicensed	  GH	  therapy	  w/o	  GHD	  

•  GH	  replacement	  in	  GHD	  

Jenkins	  PJ	  et	  al.;	  Clin	  Endocrinol	  2006	  
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endocrine,	  autocrine,	  and	  paracrine	  acRons	  
•  influencing	  factors:	  

–  IGF-‐1	  receptor	  (type	  1)	  density	  
–  IGF-‐1/insulin	  receptor	  hybrids	  
	  

GH/IGF-‐1	  axis	  &	  tumors	  

Jenkins	  PJ	  et	  al.;	  Clin	  Endocrinol	  2006	  
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Pollak	  MN	  et	  al.;	  Nat	  Rev	  Cancer	  2004	  

GH/IGF-‐1	  axis	  &	  tumors	  
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homology	  between	  IR	  &	  IGF-‐IR	   45-65% 

60-85% 

Frasca	  F	  et	  al.;	  Arch	  Physiol	  Bioch	  2008	  

Mathieu	  MC	  et	  al;	  Proc	  Assoc	  Am	  Physicians.	  1997	  	  

IGF-‐1	  and	  insulin	  receptors	  
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endocrine,	  autocrine,	  and	  paracrine	  acRons	  
•  influencing	  factors:	  

–  IGF-‐1	  receptor	  (type	  1)	  density	  
–  IGF-‐1/insulin	  receptor	  hybrids	  
–  IGF-‐binding	  proteins	  (IGFBP-‐3,	  IGFBP-‐2)	  

•  regulaRon	  of	  free	  IGF-‐1	  amount	  

•  IGF-‐1-‐independent	  acRons	  
–  polymorphisms	  (IGF-‐1	  gene/GH	  synthesis	  pathway)	  
–  proteases	  (e.g.	  PSA),	  Rssue	  architecture,	  etc.	  

GH/IGF-‐1	  axis	  &	  tumors	  

Jenkins	  PJ	  et	  al.;	  Clin	  Endocrinol	  2006	  
Banerjee	  I	  &	  Clayton	  PE,	  Endocrinol	  Metab	  Clin	  N	  Am	  2007	  
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powerful	  effects	  of	  IGF-‐1	  on:	  
•  cellular	  proliferaRon	  
•  apoptosis	  

across	  the	  general	  popula=on,	  serum	  IGF-‐I	  levels	  
vary	  between	  individuals,	  and	  it	  is	  postulated	  

that	  this	  may	  impact	  upon	  cancer	  risk	  

GH/IGF-‐1	  axis	  &	  tumors	  

=	  increased	  epithelial	  turnover	  
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Pollak	  MN	  et	  al.;	  Nat	  Rev	  Cancer	  2004	  

GH/IGF-‐1	  axis	  &	  tumors	  
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powerful	  effects	  of	  IGF-‐1	  on:	  
•  cellular	  proliferaRon	  
•  apoptosis	  
•  angiogenesis	  &	  lymphangiogenesis	  

•  cell	  moRlity	  

• metastases	  

•  development	  of	  resistance	  to	  chemotherapeuRcs	  

GH/IGF-‐1	  axis	  &	  tumors	  

Jenkins	  PJ	  et	  al.;	  Clin	  Endocrinol	  2006	  
Pekic	  S	  &	  Popovic	  V,	  Eur	  J	  Endocrinology	  2013	  
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•  transfected/silenced	  mice	  
	  

•  Ab	  against	  IGF-‐1R	  

•  selecRve	  knockout	  of	  hepaRc	  IGF-‐1	  gene	  

	  large	  IGF-‐1	  level	  varia=ons	  vs.	  physiology	  

GH/IGF-‐1	  axis	  &	  tumors	  

animal	  studies	  

Bates	  P	  et	  al.;	  Br	  J	  Cancer	  1995	  
Yang	  XF	  et	  al.,	  Cancer	  Res	  1996	  

Arteaga	  CL	  et	  al.;	  J	  Clin	  Invest	  1989	  

Wu	  Y	  et	  al.;	  Cancer	  Res	  2002	  
Wu	  Y	  et	  al.;	  Cancer	  Res	  2003	  
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•  childhood	  growth	  data	  would	  predict	  malignancy	  
in	  later	  life	  

•  birth	  weight/stature	  
•  peak	  height	  velocity	  (&	  breast	  cancer)	  
•  final	  height	  (&	  breast,	  prostate,	  and	  CR	  cancer)	  
•  leg	  lenght	  

GH/IGF-‐1	  axis	  &	  tumors	  

epidemiological	  studies	  
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general	  populaAon	  
•  possible	  link	  between	  GH/IGF-‐1	  levels	  &	  the	  
development	  of	  a	  variety	  of	  different	  cancers	  

•  subjects	  with	  IGF-‐1	  levels	  that	  are	  in	  the	  higher	  
cenRles	  of	  the	  normal	  range	  would	  have	  a	  
significantly	  increased	  risk	  of	  developing	  
–  breast,	  prostate,	  and	  colon	  cancer	  
–  lung	  cancer?	  

GH/IGF-‐1	  axis	  &	  tumors	  

epidemiological	  studies	  

Hankinson	  SE	  et	  al.;	  Lancet	  1998	  
Wolk	  A	  et	  al.,	  J	  Natl	  Cancer	  Inst	  1998	  
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taller	  people	  are	  at	  increased	  risk	  of	  cancer	  
  large	  prospecRve	  cohort	  of	  ~1.3	  M	  

middle-‐aged	  women	  w/o	  previous	  cancer	  
(follow-‐up	  9.4	  yy)	  

  ~97,000	  incident	  cancers	  (17	  sites)	  

  RR	  for	  total	  cancer	  for	  every	  10	  cm	  
increase	  in	  height	  was	  
1.16	  (95%	  CI	  1·∙14–1·∙17;	  p<0·∙0001)	  

  staRsRcally	  significant	  increased	  risk	  for	  
10	  sites	  
-‐	  independently	  of	  socioeconomic	  status	  &	  

geographic	  area	  
-‐	  lower	  in	  current	  smokers	  

  IGF-‐1	  levels	  in	  childhood/adulthood?	  

Green	  J	  et	  al.,	  Lancet	  Oncol	  2011	  
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increased	  risk	  of:	  
•  colorectal	  tumors:	  2-‐7.6x	  

•  thyroid	  tumors	  

•  breast	  tumors?	  prostate	  cancer?	  

 geneRcs?	  
 hyperinsulinemia	  &	  diabetes	  role?	  

GH/IGF-‐1	  axis	  &	  tumors	  

acromegaly	  
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Renehan	  AG	  et	  al.;	  Best	  Pract	  &	  Res	  Clin	  Endocrinol	  &	  Metab	  2008	  
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acromegaly	  &	  CRC	  

•  small	  paRent	  numbers,	  unadjusted	  for	  major	  
confounding	  factors	  (eg,	  age	  and	  gender)	  

•  endoscopists	  are	  not	  blind	  (operator	  bias)	  
•  colonoscopy	  is	  technically	  more	  difficult	  in	  acromegalic	  
paRents	  	  more	  experienced	  endoscopists	  may	  detect	  
more	  neoplasRc	  lesions.	  

•  hyperplasRc	  &adenomatous	  polyps	  described	  together	  
•  in	  populaRon-‐based	  studies	  among	  cohorts	  of	  
acromegalic	  paRents,	  invasive	  CRC	  rates	  range	  from	  
0.8%	  to	  1.3%.	  

Renehan	  AG	  et	  al.;	  Best	  Pract	  &	  Res	  Clin	  Endocrinol	  &	  Metab	  2008	  
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acromegaly	  &	  neoplasms	  

associaAons	  of	  acromegaly	  with	  CR	  and	  thyroid	  cancer	  in	  populaAon-‐based	  studies	  

Renehan	  AG	  et	  al.;	  Best	  Pract	  &	  Res	  Clin	  Endocrinol	  &	  Metab	  2008	  
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GH	  therapy	  
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1)  de-‐novo	  cancer	  in	  non-‐cancer	  paRents	  with	  GHD	  

2)  tumor	  recurrence	  in	  paRents	  with	  previously	  treated	  
cancer	  and	  with	  GHD	  

3)  2nd	  neoplasms	  in	  survivors	  of	  childhood	  cancer	  with	  GHD	  

	  

GH/IGF-‐1	  axis	  &	  tumors	  

GH	  therapy	  
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1)	  de-‐novo	  cancer	  in	  non-‐cancer	  
pa4ents	  with	  GHD	  
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de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  

GHRT	  
	  

long-‐term	  

•  efficacy	  

•  safety	  
•  cost-‐effecRveness	  

con4nua4on	  of	  therapy	  generally	  recommended	  	  
even	  a>er	  comple4on	  of	  linear	  growth	  
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de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  

increased	  malignancy	  risk	  
•  case-‐reports	  
•  a	  minority	  of	  series	  

•  SAGhE	  
	  

not	  increased	  malignancy	  risk	  

•  HypoCCS	  
•  KIMS	  

•  NCGS	  

Wada	  E	  et	  al.;	  Jpn	  J	  Clin	  Oncol	  1989	  
Watanabe	  S	  et	  al;	  J	  Pediatr	  Endocrinol	  1993	  
Watanabe	  S	  et	  al;	  Lancet	  1998	  
Swerdlow	  AJ	  et	  al.;	  Lancet	  2002	  

Reed	  ML	  et	  al.;	  Front	  Endocrinol	  2013	  
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de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  

Hypopituitary	  Control	  and	  ComplicaRon	  Study	  
(HypoCSS),	  Lilly™	  

•  IR	  of	  events	  between	  GH-‐treated	  and	  untreated	  2430	  GHD	  adults	  
•  prospecRve	  observaRonal	  study	  
•  157	  US	  centers	  (1996-‐2002)	  
•  mean	  follow-‐up	  2.3	  years	  

•  no	  significant	  difference	  
–  death	  
–  new	  cancer	  
–  intracranial	  tumor	  growth/recurrence	  
–  DM	  

–  CV	  events	  
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de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  

Pfizer™	  [formerly	  Kabi	  ™]	  InternaRonal	  Metabolic	  
Database	  (KIMS)	  

•  mulRcentre,	  non-‐intervenRonal	  study	  

•  mortality	  &	  associated	  factors	  within	  GHRT	  adults	  
•  13,983	  GHD	  paRents;	  528	  deaths	  
•  mean	  follow-‐up	  4.9	  years	  

•  mortality:	  slightly	  higher	  vs.	  general	  pop.	  
•  no	  increased	  SMR	  for	  deaths	  from	  CVDs	  or	  malignancies	  

Gaillard	  RC	  et	  al.;	  Eur	  J	  Endocrinol	  2012	  
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de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  

NaRonal	  CooperaRve	  Growth	  Study	  (NCGS),	  
Genentech™	  

• mulRcenter	  post-‐markeRng	  surveillance	  study	  to	  
monitor	  safety	  &	  efficacy	  of	  rhGH	  

•  54,996	  children	  (1985-‐2006),	  900	  invesRgators	  
•  20	  years	  of	  GH	  therapy	  
•  de-‐novo	  malignancies:	  not	  significantly	  increased	  
vs.	  general	  populaRon	  
–  leukemia	  
–  intra/extracranial	  

Bell	  J	  et	  al.;	  J	  Clin	  Endocrinol	  Metab	  2010	  
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Safety	  and	  appropriateness	  of	  Gh	  treatment	  in	  
Europe	  (SAGhE)	  

•  populaRon-‐based	  study	  on	  long-‐term	  safety	  of	  rhGH	  in	  
French	  children	  

•  6928	  children	  (1985-‐1996)	  with	  low-‐risk	  
•  mean	  follow-‐up:	  17.3	  years	  
•  all-‐cause	  mortality	  increased	  (SMR	  1.33)	  vs.	  general	  pop.	  

–  all-‐type	  cancer	  mortality	  non	  increased	  (CRC,	  Hodgkin…)	  

–  bone	  tumor-‐related	  mortality	  increased	  (SMR	  5.00)	  

•  GH	  doses	  >50mcg/kg/day	  associated	  with	  mortality	  rates	  

de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  
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Safety	  and	  appropriateness	  of	  Gh	  treatment	  in	  
Europe	  (SAGhE)	  

de-‐novo	  cancer	  in	  non-‐cancer	  
paAents	  with	  GHD	  

“Overall,	  our	  results	  do	  not	  allow	  the	  conclusion	  of	  the	  causal	  role	  of	  
GHtreatment	  in	  the	  findings	  but	  highlight	  the	  need	  for	  addi=onal	  studies	  
on	  long-‐term	  morbidity	  and	  mortality	  aRer	  GHtreatment	  in	  childhood,	  in	  

par=cular	  when	  high	  doses	  have	  been	  used”	  
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inconclusive	  evidence	  of	  a	  very	  modest	  
increase	  in	  cancer	  risk	  

1)	  de-‐novo	  cancer	  in	  non-‐cancer	  
pa4ents	  with	  GHD	  
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2)	  tumor	  recurrence	  in	  pa4ents	  with	  
previously	  treated	  cancer	  &	  with	  GHD	  
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tumor	  recurrence	  in	  paAents	  with	  
previously	  treated	  cancer	  &	  with	  GHD	  

not	  increased	  risk	  
Arslanian	  SA	  et	  al.,	  Am	  J	  Dis	  Children	  1985	  

•  Rodens	  KP	  et	  al.,	  Acta	  Endocrinol	  1987	  

•  Clayton	  PE	  et	  al.,	  Lancet	  1987	  
•  Ogilvy-‐Stuart	  AL	  et	  al.,	  BMJ	  1992	  

•  Swerdlow	  AJ	  et	  al.,	  J	  Clin	  Endocrinol	  Metab	  2002	  

•  NCGS	  
–  not	  increased	  risk	  of	  leukemia/brain	  tumors	  recurrences	  

•  CCSS	  
–  13,539	  survivors	  of	  pediatric	  tumors	  

–  361	  GH	  treated	  pts;	  follow-‐up:	  6.2	  years	  
–  RR	  of	  disease	  recurrence:	  not	  increased	  (0.83;	  95%	  CI	  0.37-‐1.86;	  P	  =	  0.65)	  
–  RR	  of	  mortality:	  not	  increased	  (1.21;	  95%	  CI	  0.75-‐1.94;	  P	  =	  0.43)	  
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tumor	  recurrence	  in	  paAents	  with	  
previously	  treated	  cancer	  &	  with	  GHD	  

Childhood	  Cancer	  Survivor	  Study	  (CCSS)	  
retrospecAve	  cohort	  of	  5-‐yr	  survivors	  of	  childhood	  cancer	  diagnosed	  <21	  yr,	  

between	  1970	  and	  1986,	  and	  treated	  in	  USA/Canada	  

•  currently,	  overall	  5-‐	  yr	  survival	  rate	  for	  childhood	  cancer:	  >70%	  

•  most	  prevalent	  late	  effects	  of	  cancer	  therapy:	  endocrine	  disorders	  (40%)	  
•  GHD:	  up	  to	  30-‐40%	  

Sklar	  CA	  et	  al.;	  J	  Clin	  Endocrinol	  Metab	  2002	  

follow-‐up:	  6.2	  yr	  
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tumor	  recurrence	  in	  paAents	  with	  
previously	  treated	  cancer	  &	  with	  GHD	  

Craniopharyngioma	  
•  case-‐control	  study	  

–  GHD	  caused	  by	  craniopharyngioma	  

–  rhGH	  >	  3	  years	  vs.	  no	  therapy	  
•  56	  paRents	  
•  mean	  duraRon	  of	  GHRT:	  13.6	  years	  

long-‐term	  GHRT	  did	  not	  affect	  the	  PFS	  
Olsson	  DS	  et	  al.;	  	  Eur	  J	  Endocrinol	  	  2012	  
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the	  general	  evidence	  suggests	  no	  
increased	  risk	  

2)	  tumor	  recurrence	  in	  pa4ents	  with	  
previously	  treated	  cancer	  &	  with	  GHD	  
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3)	  2nd	  neoplasms	  in	  survivors	  of	  
childhood	  cancer	  with	  GHD	  
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2nd	  neoplasms	  in	  survivors	  of	  
childhood	  cancer	  with	  GHD	  

Childhood	  Cancer	  Survivor	  Study	  (CCSS)	  
–  13,539	  survivors	  of	  pediatric	  tumors	  
–  361	  GH	  treated	  pts;	  follow-‐up:	  6.2	  years	  
–  RR	  of	  2nd	  neoplasms	  3.21	  (95%	  CI	  1.88-‐5.46;	  P	  <	  0.0001)	  

–  excess	  of	  solid	  tumors	  in	  GH-‐treated	  survivors	  of	  acute	  leukemia	  

Sklar	  CA	  et	  al.;	  J	  Clin	  Endocrinol	  Metab	  2002	  
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2nd	  neoplasms	  in	  survivors	  of	  
childhood	  cancer	  with	  GHD	  

Ergun-‐Longmire	  E	  et	  al.;	  J	  Clin	  Endocrinol	  Metab	  2006	  

Childhood	  Cancer	  Survivor	  Study	  (CCSS)	  
–  14,108	  survivors	  of	  pediatric	  tumors	  
–  361	  GH	  treated	  pts;	  follow-‐up:	  8.8	  years	  
–  RR	  of	  2nd	  neoplasms	  2.15	  (95%	  CI	  1.3-‐3.5;	  P	  <	  0.002)	  

–  excess	  of	  solid	  tumors	  in	  GH-‐treated	  survivors	  of	  acute	  leukemia	  
–  meningiomas:	  the	  most	  common	  2nd	  tumor	  

–  the	  eleva=on	  of	  risk	  due	  to	  GH	  use	  diminish	  increasing	  follow-‐up	  	  
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•  NCGS:	  increased	  risk	  with	  rhGH	  in	  pts	  with	  a	  prior	  
history	  of	  malignancy,	  exp.	  leukemia	  and	  previously	  
irradiated	  pts	  

•  GH	  could	  induce	  mitogenic	  acRvity	  in	  cells	  already	  
predisposed	  to	  neoplasRc	  change	  and	  hence	  increase	  
the	  theoreRcal	  risk	  of	  developing	  2nd	  neoplasms	  

•  The	  increased	  risk	  of	  developing	  2nd	  neoplasms	  in	  GH-‐
treated	  childhood	  cancer	  survivors	  is	  now	  listed	  in	  U.S.	  
labeling	  for	  all	  rhGH	  products	  

	  
Bell	  J	  et	  al.;	  J	  Clin	  Endocrinol	  Metab	  2010	  
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GeneRcs	  and	  Neuroendocrinology	  of	  Short	  Stature	  InternaRonal	  Study	  
(GeNeSIS)	  +	  Hypopituitary	  Control	  and	  ComplicaRon	  Study	  (HypoCSS),	  Lilly™	  

• 	  retrospecRve	  analysis	  of	  2	  prospecRve	  cohort	  studies	  
–  childhood	  cancer	  survivors	  (GeNeSIS)	  
–  GHD	  adults	  (HypoCSS)	  

• 	  incidence	  of	  2nd	  tumors:	  consistent	  with	  increased	  risk	  

• 	  esRmated	  cumulaRve	  incidence	  of	  2nd	  tumors	  a|er	  5	  yr	  of	  follow-‐up:	  
–  6.2%	  GeNeSIS	  
–  4.8%	  HypoCSS	  

• 	  most	  common:	  meningiomas	  (nearly	  all,	  a|er	  CT/RT	  exposure)	  

Woodmansee	  WW	  et	  al.;	  Eur	  J	  Endocrinol	  2013	  
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retrospecRve	  study	  of	  50	  CCSs	  who	  developed	  GHD	  due	  to	  cancer	  
therapies	  from	  a	  specialized	  outpaRent	  clinic	  
TransiRon	  Unit	  for	  Childhood	  Cancer	  Survivors	  –	  Ci2à	  della	  Salute	  e	  della	  Scienza	  Hospital	  of	  Turin	  

–  cumulaRve	  incidence	  of	  2nd	  neoplasms	  between	  pts	  treated	  with	  rhGH	  during	  
childhood	  and	  pts	  who	  did	  not:	  no	  difference	  

–  follow-‐up:	  20	  years	  
–  high	  incidence	  of	  2nd	  neoplasms:	  28%!	  
–  most	  common	  2nd	  neoplasms:	  menigioma,	  basal	  cell	  ca.	  

–  elapsed	  Rme	  to	  the	  2nd	  neoplasm:	  shorter	  in	  GHD-‐treated	  pts	  (17.0	  vs.	  24.7	  yrs)	  

• all	  2nd	  neoplasms	  in	  pts	  treated	  with	  RT!	  

Brignardello	  E	  et	  al.	  (in	  press)	  
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GH	  and	  IGF-‐1	  have	  a	  promoRng	  rather	  than	  iniRaRng	  effect	  on	  
carcinogenesis	  	  GH	  could	  accelerate	  the	  growth	  of	  2nd	  neoplasms	  	  

Key	  messages:	  
	  
• 	  GHRT	  worthy	  to	  CCSs	  during	  childhood,	  to	  obtain	  normal	  height	  
w/o	  increased	  risk	  of	  cancer	  

• 	  however,	  2nd	  neoplasms	  seem	  to	  arise	  earlier:	  close	  follow-‐up!	  

• 	  in	  adult	  survivors,	  the	  indicaRon	  for	  GHRT	  are	  less	  obvious	  

Brignardello	  E	  et	  al.	  (in	  press)	  
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some	  evidence	  of	  a	  modest	  increased	  risk	  
associated	  with	  GH	  usage	  

3)	  2nd	  neoplasms	  in	  survivors	  of	  
childhood	  cancer	  with	  GHD	  
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