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Human growth hormone (hGH) has been available as
a therapeutic agent since the middle of the 1950’s (1). It
is a 191 amino acid single chain peptide and was obtained
from human pituitaries because animal growth hormones
are inactive in primates (species specificity). For children,
the main activity is to stimulate height velocity. In addition
in children and those at adult height, hGH has extensive
metabolic activities in part by the generation of insulin-like
growth factor 1 on protein, carbohydrate, and adipose tissue.
Since the mid-1980’s, virtually all hGH preparations
have been biosynthetic, yielding a much greater supply and
avoiding the prospect of Creutzfeldt-Jakob disease (2). Daily
administration is quite non-physiologic, for it does not mimic
the pulsatile nature of the secretion of hGH. It has a half-life of
approximately 3.4 hours after subcutaneous injection. Daily
administration of recombinant (r)hGH remains inconvenient
for it may be painful and distressing to some patients. This
may lead to non-compliance with reduced efficacy and thus
increased health costs.
Long-acting endocrine drug formulations have long
been part of the armamentarium of endocrinologists, for
example, gonadotropin-releasing hormone agonist analogs,
testosterone, medroxyprogesterone acetate, hCG (as longacting luteinizing hormone), and multiple analogs of insulin.
Pharmaceutical companies have used various strategies to
lengthen the plasma half-life (and activity) of the native rhGH
or an analog of it (3).
- Depot formulations with rhGH encapsulated in a
biodegradable polymer or micro-particles of rhGH dispersed
in a biodegradable polymer,
- PEGylation (PEG) specific site long chain polymers of
PEG added to the native molecule,
- Pro-drug rhGH transiently bound to a PEG carrier with
self-cleaving linker; a point mutation in rhGH to which a long
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chain with a terminal fatty acid is added. The latter interacts
non-covalently with albumin,
- Fusion proteins: examples include hydrophilic amino
acid tails (XTEN), the C-terminal peptide of hCG (CTP),
albumin itself and several with immunoglobulin fragments.
Pharmaceutical agents in all classes are in at least phase
1 trials with many in phases 2 and 3 for children and adults.
Preliminary data indicate height velocities comparable to
those noted with equivalent doses of rhGH obtained from
the two very large registry data bases-National Cooperative
Growth Study and Kabi International Growth Study. Each
preparation appears safe and efficacious with a hint of less
decline in height velocity in the second and perhaps third
years as previously noted in virtually all studies with rhGH
over 3 decades.
Virtually all agents require pivotal phase 3 studies before
acceptance by the regulatory authorities. Given that the
profiles (pharmacokinetic and pharmacodynamic) are even
less “physiologic” than for daily therapy with rhGH and have
addition biological material, long-term safety studies are
mandatory.
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