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Human cadaveric GH (hGH) first became available for
treatment of GH deficiency (GHD) in the early

1960s. Distribution was terminated in the 1980s when it
was discovered to be associated with Creutzeldt-Jakob
disease, but recombinant hGH (rhGH) quickly took its
place and now has been in use for over 25 yr. Access to
essentially unlimited supplies of rhGH facilitated expan-
sion of Food and Drug Administration (FDA)-approved
indications for therapy, which now include childhood and
adult GHD, Turner syndrome, chronic renal failure, small
for gestational age (SGA), Prader-Willi syndrome, Noonan
syndrome, SHOX deficiency, idiopathic short stature (ISS),
short bowel, and AIDS wasting.

rhGH has an enviable track record of safety. Enroll-
ment in pharmaceutical company-sponsored postmarket-
ing surveillance studies involves approximately 200,000
patients and more than 500,000 patient-years. Although
a great deal of valuable information has been accumu-
lated, these studies have methodological limitations, are
open-label, and are not supervised by any external, inde-
pendent, data-monitoring group. In a recent report from
the National Cooperative Growth Study, “long-term
safety” of rhGH was evaluated in 54,996 patients by
means of adverse event reports submitted by prescribing
physicians (1). Nineteen of 174 deaths were considered to
be related to rhGH, but an additional 25 were either “not
assessable” or had no reported causality. Two thirds of the

assessable deaths were related to neoplasms, with the
other deaths attributed to a variety of causes. The authors
concluded that these findings support a “favorable overall
safety profile,” but cautioned that specific populations
might be at risk for adverse effects.

In December, 2010, Agence Francaise de Securite Sani-
taire des Produits de Sante (AFSSAPS) released a prelim-
inary reportof the findingsof a long-termmorbidity study,
Sante Adulte GH Enfant (SAGhE), based upon a manda-
tory registry of all patients treated with rhGH in childhood
in France from its introduction in the mid-1980s until
1997 (http://saghe.aphp.fr/site/spip.php/). The defined
population of approximately 7000 children included pa-
tients carrying diagnoses of idiopathic GHD and ISS and
short stature children born SGA. The mean follow-up time
from treatment initiation to last contact or death was 16.9
yr. Because an identical population of untreated children
with short stature was not available, comparison of mor-
tality was performed using age-specific French popula-
tion-based mortality rates.

TheannouncementsfromAFSSAPSandtheEuropeanMed-
icines Agency (EMA) provide a summary of the key findings,
which have also recently been presented at the 93rd Annual
Meeting of The Endocrine Society (2) (http://www.ema.
europa.eu/ema/index.jsp?curl�pages/news_and_events/news/
2010/12/news_detail_001160.jsp&murlmenus/news_and_
events/news_and_events.jsp&midWC0b01ac058004d5c1)
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but are not yet published in a peer-reviewed journal. The
French study is part of a European consortium entitled
SAGhE (Safety and Appropriateness of GH Treatments in
Europe) involving seven additional countries; the findings
from this much larger cohort (estimated size 20,000–
30,000) will become available in future years.

Data from the French SAGhE study, using age-specific
mortality rates, indicate that there had been 93 deaths in
the rhGH cohort, compared to an expected 70 deaths,
yielding a standardized mortality ratio of 1.33. The ma-
jority of this difference in total deaths was in the category
“idiopathic,” meaning that no cause of death was stated
on the death certificate or that investigators were unable
to determine the cause of death (21 “idiopathic” deaths in
the GH-treated group vs. seven expected). The total num-
ber of cancer-related deaths in the two groups was iden-
tical, although there were three cases of incompletely de-
fined “bone cancer” in the treated group, compared with
an anticipated 0.6. The greatest identifiable discrepancy
was “circulatory system” deaths, which numbered nine in
the treated group, compared with an anticipated 2.93
(standardized mortality ratio � 3.07), although these
deaths were related to heterogeneous conditions, such
as cardiomyopathy and subarachnoid or cerebrovascu-
lar hemorrhages.

The report also described an increased risk in patients
receiving GH dosages above 50 �g/kg � d, although the
case numbers at high GH dosages were relatively small
(�300) and were heavily weighted toward children cat-
egorized as SGA.

On the basis of these findings, the EMA’s Committee
for Medicinal Products for Human Use (CHMP) promised
to review all available data to assess risk-benefit balance.
CHMP confirmed that there was “no immediate danger”
but instructed prescribers in Europe to strictly follow ap-
proved indications and dosages. In August, 2011, the
FDA, on the other hand, after reviewing the French
SAGhE study, determined that “at this time, the evidence
regarding recombinant hGH and increased risk of death is
inconclusive,” and identified a number of study design
weaknesses that limit the interpretation of study results.

Although the French report has yet to be published, it
has already generated questions, concerns, and contro-
versy. The release of incomplete information from the
SAGhE report by various agencies, before proper peer-
review had occurred, poses great difficulties in analyzing
the results and recommendations. Importantly, given that
children with the diagnoses of GHD, ISS, and SGA may be
at risk for specific morbidities, even in the absence of ther-
apy, the lack of an untreated control group in SAGhE is
especially problematic. Although many of the questions
emanating from SAGhE, particularly in reference to can-

cer risk, have been raised in the past, they continue to
generate concern (3, 4). Accordingly, this would seem to
be an appropriate time to place such questions in perspec-
tive and to suggest a means for addressing them as com-
prehensively as possible.

Theoretical, Epidemiological, and Clinical
Bases for Concerns about Cancer and
Mortality in GH Recipients

Substantial evidence exists supporting the involvement of
the GH-IGF system in the pathogenesis and progression of
various cancers (3–5). IGF and GH receptors are found in
multiple tumors, and these hormones have potent mito-
genic and antiapoptotic activities in both normal and ma-
lignant cells. Over a dozen genes in pathways regulating
GH and IGF secretion and action have been genetically
manipulated in animal models. In general, when GH/IGF
secretion or action is inhibited, a decreased incidence and
rate of progression of cancers have been observed.

Human populations with specific mutations in the GH-
IGF system have been characterized for cancer risk. Recent
reports have suggested that individuals with GH receptor
deficiency may have a dramatic reduction in cancer fre-
quency (6). Data from nested case-control studies indicate
a correlation between cancer risk and circulating levels of
IGF-I; a recent meta-analysis of 26 studies calculated the
risk at the upper quartile of serum IGF-I to be approxi-
mately 1.5 times that at the lowest quartile (7). Given these
concerns, an emerging practice among pediatric and adult
endocrinologists involves titrating GH dosage to achieve
serum IGF-I concentrations that are perceived as both ef-
ficacious and safe (8).

IGF-I Therapy

IGF-I is approved therapy for patients with severe pri-
mary IGF-I deficiency, although long-term experience is
still limited. Many of the theoretical concerns involving
GH also relate to IGF-I treatment. To complicate mat-
ters further, preliminary results of clinical trials with
combination GH � IGF-I have demonstrated exce-
llent short-term growth, but at the price of serum IGF-I
concentrations well above the normal range. The long-
term risks of such high serum IGF levels remain to be
determined.

GH Therapy in Cancer Survivors

To address concerns regarding the potential for GH ther-
apy to increase the risk of tumor recurrence or promote the
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development of new neoplasms in survivors of childhood
cancer, the Childhood Cancer Survivor Study (CCSS) in-
vestigated 13,500 five-year survivors (9). Among the 361
GH-treated survivors, no increased risk of disease recur-
rence was found with adjustment for demographic and
cancer treatment factors.

Initial assessment of second and subsequent malignan-
cies in survivors of childhood cancer in the CCSS cohort
found the relative risk of a second neoplasm among GH-
treated survivors to be 3.21 (10). In an updated analysis
with an additional 32 months of follow-up, a total of 20
neoplasms had occurred in 361 GH-treated cancer survi-
vors, providing a relative risk of 2.15 (95% confidence
interval, 1.3–3.5; P � 0.002) (11), although these conclu-
sions remain somewhat controversial (12, 13).

Long-Term Surveillance of GH-Treated
Patients

With the exception of the studies involving cancer survi-
vors, investigations of GH safety have been largely limited
to postmarketing surveillance sponsored by several phar-
maceutical companies. Although generally reassuring,
these investigations have a number of important limita-
tions: 1) reliance upon physician reporting of adverse
events, and physician evaluation of whether such events
are “GH-related”; 2) they are time-limited; a number of
the major studies have stopped recruiting patients or
halted collection of additional data; 3) absence of a control
group of any kind; 4) each study is under the control of its
sponsoring company, with no attempt to coordinate data
analyses; and 5) all data are under the jurisdiction of the
sponsoring company, which dictates the nature of any
analyses that are performed.

The SAGhE studies represent the first effort at longer-
term investigations in children receiving GH and, addi-
tionally, are independent from commercial oversight.
These investigationsare limited,however, by the lackofan
ideal control group of untreated patients (perhaps an un-
avoidable situation), by modest patient numbers and by
inherent difficulties in the integration of data and proto-
cols from different countries. No similar studies have been
undertaken in the United States. Because GH and IGF-I
recipients are, by and large, otherwise healthy individuals,
and because therapy is often given for years, if not decades,
the concerns discussed above mandate more rigorous and
longer-term evaluation.

To comprehensively evaluate the long-term health con-
sequences of GH treatment, it will be necessary to have an
appropriately designed cohort(s) characterized by: 1) ad-
equate sample size and statistical power; 2) individuals

who are well-characterized relative to underlying disorder
(including etiology, severity, genetic syndromes, comor-
bidities, and response to treatment), as well as sociode-
mographics; 3) accurate documentation of GH treatment
and response; 4) capacity to achieve comprehensive long-
term surveillance, including documentation of adverse
outcomes; and 5) an appropriate control group or the abil-
ity to perform meaningful comparisons of observed out-
comes to expected outcomes (14).

There are a number of formidable challenges with re-
gard to designing trials that will have sufficient statistical
power to rule out designated levels of risk in GH recipi-
ents. Issues such as the low incidence of potential adverse
events, the need to consider potential confounding factors,
and the required duration of follow-up make it clear that
rigorous assessment of long-term safety will demand a
cohort(s) of substantial size.

Characterization of exposure to GH or IGF-I should be
as detailed as possible relative to dose and duration, to
determine whether there exists a dose-response relation-
ship, which may provide greater biological plausibility for
any observed association. Capturing detailed treatment
information can be difficult and labor intensive. Thus,
careful consideration should be given to the extent of ex-
posure assessment that is undertaken, while recognizing
that deficiencies in length of follow-up may undermine the
integrity of the overall study design.

Essential to the design of a cohort study to evaluate the
long-term safety of GH or IGF-I treatment is the ability to
successfully carry out extended surveillance (either retro-
spectively or prospectively) of the eligible population. It
may be necessary to rely on direct reporting from the in-
dividuals and/or healthcare providers, with subsequent
validation through medical records.

Critical to cohort design is the proposed comparison
population, ideally consisting of nontreated individuals
carrying the same diagnoses and matched for sociodemo-
graphic characteristics. Identification of such untreated
control populations is difficult for GH therapy, but every
effort should be made to accrue data on patients with
GHD, ISS, Turner syndrome, or SGA who have not re-
ceived GH. Although cancer- and mortality-related sta-
tistics are usually available for the general population,
calculation of expected number of other outcomes, such as
cardiovascular events, may be difficult.

Summary and Recommendations

Establishment of carefully considered cohort(s) must be
a priority, if one accepts that long-term safety of GH
and IGF-I treatment constitutes an obligation of the
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healthcare community, pharmaceutical industry, and
regulatory agencies. Regardless of study design, this
will require substantial commitments of both resources
and expertise. This being said, we put forward the fol-
lowing recommendations:

1. The endocrine community should endorse investi-
gationofGHand IGF-I safety throughestablishment
and follow-up of lifespan cohorts consisting of pa-
tients treated with GH or IGF-I during childhood,
adolescence, and adult life. Inherent in this endorse-
ment is a commitment to facilitate identification and
subsequent enrollmentof all eligiblepatients.AllGH
recipients should be included, regardless of under-
lying diagnosis.

2. The pharmaceutical industry, National Institutes of
Health, FDA, and EMA should not only endorse
establishment of lifespan cohorts, but also commit
adequate financial support for the design and con-
duct of long-term follow-up into late adulthood.

3. A multidisciplinary working group of independent
researchers should be established and charged with
the design of a cohort study to rigorously investigate
health outcomes across the lifespan of patients
treated with GH or IGF-I during childhood, adoles-
cence, and adult life. This group must be indepen-
dent of commercial oversight.

4. Pilot studies should be designed and conducted to
determine: 1) feasibility of retrospective /prospective
enrollment; 2) mechanisms of follow-up; and 3) re-
source requirements for a lifespan cohort.

5. An independent investigative team with the appro-
priate expertise and experience to assume primary
oversight and conduct of the lifespan cohort should
be selected.

6. An international workshop should be convened
and designed to summarize ongoing and proposed
efforts to: 1) understand the molecular and phys-
iological bases for GH- and IGF-related adverse
events; and 2) evaluate long-term safety of GH and
IGF-I therapy, with the objective of coordinating
efforts to comprehensively and efficiently assess
long-term safety.

rhGH therapy has had a long and distinguished track re-
cord of both efficacy and safety. Although experience with
IGF-I is much more limited, it is a highly promising treat-
ment for many children incapable of responding appro-
priately to GH. We must, nevertheless, remain cognizant
that any therapy carries risks of long-term morbidities and
that it is the responsibility of the medical community to
provide appropriate surveillance. Although we have every
expectation that the measures proposed herein will evoke

controversy, we believe that such discussions are impor-
tant. The active involvement of major societies, such as
(but not necessarily limited to) The Endocrine Society, the
Pediatric Endocrine Society (PES/LWPES), the European
Society for Pediatric Endocrinology (ESPE), the GH Re-
search and IGF Societies, and the American Association of
Clinical Endocrinologists, in evaluating steps for proper
monitoring of long-term GH and IGF safety is clearly both
necessary and welcome at this time.
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