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Abstract

Background: Allergic and non-allergic skin reactions to
recombinant human growth hormone (rhGH) are uncom-
mon and infrequently reported. However, physicians
should be aware of these potential side effects to determine
whether the reactions constitute true allergies and how to
proceed with growth hormone therapy. To review allergic
and non-allergic skin reactions caused by thGH and subse-
quent diagnostic workup and management options.

Case presentation: We report the case of a 12-year-old
healthy male presenting with idiopathic short stature. He
developed an itchy skin rash over the chest and abdomen,
15 min after administration of the first dose of rhGH,
leading us to review allergic and non-allergic skin reac-
tions to rhGH. In our patient, an immediate skin reaction
after administration of rhGH prompted a concern about a
type I hypersensitivity reaction (HS) and the discontinu-
ation of rhGH. However, after a dermatologic evaluation
and observed administration of rhGH without subsequent
rash, the initial eruption was likely an exacerbation of his
underlying atopic dermatitis and a type I HS was felt to
be unlikely. The rhGH was resumed and he has been on
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rhGH for the past 1 year with no recurrence of rash and
with improvement in growth velocity.

Conclusions: Though rare, allergic and non-allergic skin
reactions are known to occur with rhGH. It is important
to know if the allergic reaction was due to the growth
hormone molecule or one of the preservatives. It is also
important to consider a non-allergic reaction due to flare
up of underlying skin disorders as in our patient.

Keywords: allergic reaction to growth hormone; growth
hormone therapy; hypersensitivity reaction to growth
hormone.

Introduction

The development of recombinant hormones has allowed
for improved treatment of many endocrine disorders.
The most widely used recombinant hormones are insulin
and growth hormone (GH). Other recombinant hormones
include thyroid-stimulating hormone (TSH), follicle-
stimulating hormone (FSH), luteinizing hormone (LH),
parathyroid hormone (PTH) and insulin growth factor 1
(IGF1). Allergic reactions to these recombinant hormones
are uncommon and have been widely studied particularly
with regard to insulin due to its widespread use in treating
diabetes. The incidence/prevalence of allergic reaction to
recombinant insulin is <1-2.4% [1], with other recombi-
nant hormones being reported at much lower rate.
Recombinant human growth hormone (rhGH) is
widely used for growth related disorders [2]. The avail-
able rhGH preparations (Table 1) contain GH molecules,
preservatives and buffers. Though development of immu-
noglobulin E (IgE) or immunoglobulin G (IgG) antibodies
has been observed in some patients treated with rhGH [3,
4], clinical manifestation of an allergic reaction to rhGH is
a rare side effect [4]. To date reported reactions, include
local erythema, hives, generalized pruritus and urticaria
[4-7]. The cause for allergic reaction to rhGH is either due
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Table 1: Commonly used formulations of rhGH with preservative
and buffer.

Brand name Method of delivery  Preservative Buffer
Genotropin  Pen with cartridge m-Cresol Phosphate
Single dose syringe  No preservative  Phosphate
Humatrope  Vial m-Cresol Phosphate
Norditropin  Pre-loaded pen Phenol Histidine
Nutropin Pen with cartridge Phenol Citrate
Omnitrope Vial Benzyl alcohol Phosphate
Pen with cartridge Benzyl alcohol Phosphate
(5 mg)
Pen with cartridge Phenol
(10 mg)
Saizen Vial Benzyl alcohol Phosphate
Pen with cartridge m-Cresol Phosphate
Zomacton Vial (5 mg) Benzyl alcohol No buffer
Vial (10 mg) m-Cresol Phosphate
Accretropin  Vial Phenol Phosphate

rhGH, recombinant human growth hormone; m-Cresol, metacresol.

to be preservatives or the GH molecule itself. Allergic reac-
tions to rhGH include immediate type IgE-mediated reac-
tions and type IIl immune complex type [5, 7]. In addition
to allergic reactions, exacerbation of pre-existing skin
conditions has also been reported [8-12]. Despite its rarity,
allergic reaction to GH is a significant clinical dilemma,
because of its immediate side effects and its implication
on continuation of GH treatment.

We report a case of a child with idiopathic short
stature who developed a rash after the first dose of rhGH.
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The case prompted us to review the existing literature on
allergic reactions to rhGH. Herein, we present the first
review article focusing on allergic and non-allergic skin
reactions caused by rhGH and discuss diagnostic and
management options.

Case presentation

A 12-year-old healthy Hispanic boy with a history of atopic
dermatitis presented with short stature. His height was
141 cm (<-2.28 SD) with a weight of 46 kg (0.61 SD) and a
growth velocity of 2 cm/year. The mid-parental height was
165 cm. His physical examination revealed no dysmorphic
features and Tanner stage 2 for pubic hair with testicular
volume of 8 cc. A complete blood cell count, hepatic and
renal function panel and urinalysis were within normal
limits. Endocrine workup showed: free thyroxine (FT4),
1.22 ng/dL (0.9-1.9); TSH, 1.964 ulU/mL (0.9-4.2); IGF1,
132 ng/mL (146-541); insulin-like growth factor-binding
protein 3 (IGFBP3), 2.5 mg/L (2.4-3.5); testosterone, 180.6
ng/dL (18-150); FSH, 74 U/L (1.6-8.0) and LH, 2.09 U/L
(0.0-6.0). Bone age was 12 years for a chronological age
of 12 years with a predicted adult height of 161 cm (-2.2
SD). GH stimulation test without priming with sex steroids
showed a peak of 17.8 ng/mL. Magnetic resonance imaging
(MRI) of the brain and pituitary was normal.

His past medical history was significant for mild atopic
dermatitis with infrequent flares in limited to flexural area

Rash after 15 min of rhGH

Rash at 5 days of rhGH

Figure 1: Pinpoint, skin colored papular rash after rhGH administration.
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and not requiring prescription medications in the past 1
year. He had no known allergies to medications.

Based on his physical examination and labora-
tory workup, he was diagnosed with idiopathic short
stature. The rhGH (Saizen® Serano) was prescribed at
0.27 mg/kg/week. He was given the first dose of rhGH
1.2 mg subcutaneously over the right thigh at home.
His mother noted a rash after 15 min, consisting of pru-
ritic papules localized to his chest and upper abdomen
without a rash at the injection site (Figure 1). His pru-
ritus subsided after application of 2.5% hydrocortisone
ointment and an oral dose of benadryl. This rash gradu-
ally diminished and disappeared within 5 days. The
rhGH was discontinued immediately out of concern for
a possible allergic reaction. Further laboratory workup
indicated a mild eosinophilia (6.1%) with a normal abso-
lute eosinophil count (240) and the serum IgE, IgG were
normal. Five days after the eruption, the patient was
examined by a pediatric dermatologist and the physical
exam revealed diffuse xerosis and scattered pinpoint,
skin colored papules on the trunk felt to be most con-
sistent with papular atopic dermatitis. The rest of his
skin examination was normal. The patient was given
his second dose rhGH (Saizen® Serano), 1.2 mg subcu-
taneously in the office and was supervised for 5 h. He
did not develop a recurrence of this rash arguing against
the likelihood that the reaction represented a type I
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hypersensitivity (HS) reaction. Our patient has remained
on rhGH for the past 1 year with improved growth veloc-
ity and without side effects.

Discussion

GH was initially extracted from human cadaveric pitui-
tary and used in the treatment of GH deficiency [13]. The
transmission of Creutzfeldt-Jacob disease in some patients
treated with human pituitary GH, as well as a dwindling
supply, necessitated the development of a recombinant
product [14, 15]. Recombinant hGH has been commer-
cially available since 1985, approved for the use in various
GH disorders [2, 16]. In the United States, rhGH is FDA-
approved in GH deficiency [2] and other disorders of
growth failure or short stature including Turner syndrome,
chronic renal insufficiency before transplantation, Prader-
Willi syndrome, a history of fetal growth restriction (small
for gestational age [SGA], intrauterine growth retardation
[IUGR]), short stature homeobox (SHOX) haploinsuffi-
ciency, Noonan syndrome and idiopathic short stature [17].
The rhGH is a polypeptide hormone of recombinant DNA
origin, synthesized in a strain of Escherichia coli. It con-
tains 191 amino acid residues, with an identical primary
structure to human GH and a molecular weight of 22 kDa

Table 2: Allergic reaction to rhGH in hypopituitarism patients reported in the literature.

Author rhGH Age, Latency Time to Reaction Type Skin test Blood Treatment
years/ period, reaction HS
sex years after rhGH

Walker Humatrope 12/F 3 Immediate - Hives at injection site | + Humatrope Desensitization
etal. [5] - Generalized pruritic - m-Cresol Resume rhGH

urticaria resolved with

antihistaminic

30 min — Next injection with
antihistaminic
pretreatment
— Generalized pruritic

urticaria
Junprasert  Protropin 5/M 2.5 30 min - Local erythema | + Protropin Desensitization
etal. [4] - Generalized pruritic + Humatrope Resume rhGH

urticaria + Nutropin

- B.W.
- m-Cresol
Forte etal. rhGH 12/F None 2 weeks — Hives on face and trunk Il +Immune rhGH
[7] — Arthralgia of right knee complexes  contraindicated
- Splenomegaly to GH

- Lymphadenopathy

rhGH, recombinant human growth hormone; HS, hypersensitivity; m-Cresol, metacresol; B.W., bacteriostatic water.
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[18]. Most commercial formulations of rHGH (Table 1)
include both a preservative and a buffer.

In this review, we focus on allergic and non-allergic
skin reactions to rhGH. Though rare, allergic reactions to
rhGH include immediate, type I IgE-mediated HS or type
I immune-complex-mediated HS due to GH molecule
itself (Table 2) [5, 7]. Type I IgE-mediated HS to rhGH was
first reported by Walker et al. [5] in a 12-year-old female
patient with hypopituitarism after 3 years of treatment
with rhGH (humatrope) injection. Skin testing, pinprick
and intradermal testing, was negative with metacresol
(m-cresol) and benzyl alcohol alone, but had a wheal and
flare reaction to diluted humatrope. Desensitization was
performed using a series of subcutaneous injections of
humatrope and treatment was resumed. Junaprasert et al.
[4] reported type I IgE-mediated HS to rhGH (protropin).
Skin test using protropin, humatrope and nutropin had a
wheal and flare reaction, suggesting GH molecule being
the culprit. Intravenous desensitization with humatrope
was successful and treatment was resumed. Interestingly,
later Forte et al. [7] reported a type III immune-complex-
mediated HS with rhGH. The patient developed a macu-
lopapular eruption with arthralgia, splenomegaly and
lymphadenopathy. Immune complexes for GH molecule
were found in peripheral blood by immunodiffusion tech-
nique, implicating that both the GH molecule and desen-
sitization were contraindicated. We are unaware of a type
IV or delayed type HS reaction occurring to GH molecule.

Beyond the molecule itself, preservatives used in rhGH
can also be a source of adverse reactions. Common pre-
servatives used in rhGH include benzyl alcohol, m-cresol
or phenol. They are necessary to prevent microbial con-
tamination of multi-use liquid products, particularly from
opportunistic pathogens [19]. These preservatives are com-
ponents in many other recombinant hormones including
insulin where allergic reactions have been reported [20].
Theoretically, these inert preservatives can lead to either
atypel, Il or IV HS.

Benzyl alcohol is used commonly in many topical and
diluent preparations as a solvent or preservative. Type I
HS reactions to benzyl alcohol have rarely been reported
[21]. In neonates, medications reconstituted with bacte-
riostatic water containing benzyl alcohol (>99 mg/kg/
day) can result in gasping syndrome characterized by
central nervous systemic depression, metabolic acidosis
and gasping respirations [22, 23]. Due to a concern for this
toxicity, neonates and infants are typically treated with
preservative-free rhGH.

m-Cresol is a common preservative in both insulin
and rhGH. Type I HS reactions to m-cresol have been
reported with insulin [20, 24]. To our knowledge, only
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one case of m-cresol sensitivity associated with thGH has
been reported. The patient developed extreme tenderness
at the injection site and myositis, which was resolved by
replacing m-cresol with sterile water. It is possible that
change of rhGH preparation with an alternative preserva-
tive is underreported.

Phenol has been successfully used as a preservative
in drug formulations for more than 50 years and is con-
sidered a safe and effective agent which complies with
strict international requirements for preservatives in drug
formulations [19]. To our knowledge, no cases of sensitiv-
ity to phenol when used as a preservative in rhGH have
been reported in the literature. Clinicians should have
a working knowledge of the preservatives contained in
rhGH as switching to rhGH with a different preservative
may be important in managing patients with presumed
allergic reactions to rhGH [25].

Common buffers used in rhGH formulations include
phosphates, carbonates, histidine and citrate. Buffers are
used in these formulations to regulate the pH of the solu-
tion [19]. To our knowledge, they are reported to cause pain
at the local injection site but not allergic reactions [26].

The mechanism involved in allergic skin reactions
with rhGH is either a type I or type III HS reaction. Type
I HS due to rhGH is an IgE-mediated response that occurs
immediately within 30 min after injection. Local symp-
toms typically present immediately after rhGH injection
and include injection site swelling erythema and itching.
The reaction may become generalized presenting with
urticaria, angioedema and even anaphylaxis. Treatment
is to stop the inciting agent immediately. Desensitization
may be helpful [4, 5]. Type III HS due to rhGH is medi-
ated by immune complex deposition. These reactions are
usually of delayed onset occurring days to weeks later. It
can manifest as a local Arthus reaction with the develop-
ment of subdermal tender nodules at the injection site.
In rare cases, a serum-sickness-like reaction to the drug
where an immune-complex-medicated vasculitis results
in inflammation of the skin, joints, kidney and other
organs. In this scenario, treatment involves stopping the
inciting agent and desensitization is contraindicated [7].
Type IV HS can develop to preservatives used in thGH and
can present as itching and dermatitis at an injection site
or very rarely as a generalized eczematous eruption. Patch
testing can be used to confirm whether a preservative is a
source of type IV reaction [21].

The rhGH may also cause non-allergic skin reac-
tions by exacerbation of underlying skin conditions.
Lichenoid skin reactions have been reported with the use
of thGH (Table 3) [8, 9]. Oono and Arata [9] reported on
the exacerbation of lichen planus in a 9-year-old female
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Table 3: Non-allergic reaction to rhGH: exacerbation of underlying skin disease.

Growth hormone skin reactions =— 9

Author

Age, years/ Diagnosis

Latency period,

Reaction

Treatment for skin

Impact of rhGH

months condition on skin condition
Oono and Arata [9] 1 Flat-topped papules plaques  Unresponsive to Improvement with
of lichen planus topical steroid D/CrhGH
Soares and 1 Scaly papules on skin and Partial Improvement with
Mendonca [8] keratotic lines of labial and improvement with D/CrhGH
buccal mucosa due to lichen  topical steroid
planus-like drug reaction
Maghnie etal. [12] 9.5/F GHD N/A Psoriasiform lesions Unresponsive to Improvement with
topical steroid D/CrhGH
Pirgon et al. [11] 8/M GHD 6 Psoriasiform lesions Partial Improvement with
improvement with  reduction of rhGH
topical steroid and
clemastine
Acikgoz et al. [10] 12/F TS 3 Psoriasiform lesions Resolution with Continuation of

topical calcipotriol  rhGH

rhGH, recombinant human growth hormone; GHD, growth hormone deficiency; TS, Turner syndrome; D/C, discontinuation.

with hypopituitarism. The patient’s lichen planus did
not respond to potent topical steroids, but improved with
discontinuation of rhGH [9]. Soares and Mendonca [8]
reported a case of a lichenoid drug eruption in a 9-year-
old female with Turner syndrome which improved with
discontinuation of rhGH. Exacerbations of psoriasis have
also been reported with rhGH treatment [11, 12]. Maghnie
et al. [12] reported a 9.5-year-old girl with hypopituitarism
and chronic, plaque-stage psoriasis who developed acute
exacerbations of psoriasis after GH treatment which sub-
sequently resolved upon discontinuation. Pirgon et al. [11]
reported the development of psoriasiform lesions in a pre-
viously unaffected, 8-year-old child with hypopituitarism
after rhGH treatment.

The mechanism by which rhGH replacement therapy
could exacerbate an underlying dermatologic disorder
such as atopic dermatitis, lichen planus or psoriasis is
not fully known. The exacerbation may be noticed imme-
diately as in our patient or be delayed by 1-6 months or
longer (Table 3). Proposed mechanisms include stimula-
tion of the GH receptor (GHR) in the skin [10] or pertur-
bation of the underlying immune pathogenesis of the
condition [8]. The GHR and IGF1 receptors are found in
both epidermis and dermis [27-29]. Higher IGF1 expres-
sion is seen in proliferating keratinocytes explaining in
part rare cases of psoriasis exacerbation [30]. Therefore,
rhGH replacement therapy could theoretically stimulate
increased IGF1 production and hence increase keratino-
cyte cell turnover.

GH is purported to modulate both the humoral and
cellular arms of the immune system and therefore replace-
ment therapy could have a theoretical role in altering the

immunologic basis of some skin disorders [31]. In vitro
studies have shown that treatment of cells of the immune
system with GH can lead to increased immunoglobulin
secretion of B cells, thymulin secretion of thymic epithe-
lial cells, natural killer (NK) cell activity, phagocytosis,
oxidative burst and killing capacity of neutrophils and
macrophages [32, 33]. Recent study also reported lympho-
cyte migration, including developing and mature cells,
can be modulated by GH [34].

In our patient, the flare up of his atopic dermatitis
shortly after his first injection of rtHGH may have only been
coincidental as atopic dermatitis normally has a relaps-
ing and remitting course. However, given GH’s role in both
keratinocyte proliferation and immune function, the tem-
poral correlation of the flare with rhGH could also reflect
the broad functions of this hormone.

Evaluation and management
of possible rhGH allergy (Figure 2)

Initial evaluation of a rhGH allergy involves determining
whether a cutaneous eruption is a HS reaction or an exac-
erbation of a pre-existing dermatologic condition. Derma-
tologic consultation may be helpful in characterizing the
morphology of the rash. If a type I HS is suspected, skin
prick testing and allergy specific serum IgE titers can be
useful in further confirming a diagnosis. If type III HS is
suspected, serum specific I1gG to rhGH (anti GH antibod-
ies) and immune complex titers to GH molecule by the
immunodiffusion procedure (commercially not available)
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Evaluation and management of skin reactions to rhGH

Immediate symptoms after rhGH:
urticartia, rash, angioedema,
anaphylaxis

Delayed/prolonged symptoms after
rhGH

Stop rhGH,
antihistamines

Systemic symptoms: fever, rash
arthralgia, lymphadenopathy,
hepato-splenomegaly

steroids as needed

Serum IgE level, allergy specific serum IgE
skin test: GH and preservative

Stop rhGH

Specific IgG level to GH
immune complexes to GH

=N

Exacerbation of
underlying skin disease

IgE-mediated
type | hypersensitivity

Desensitization Specific disease treatment

Resume rhGH +rhGH

Figure 2: A diagnostic algorithm for patients suspected of having an
rhGH, recombinant human growth hormone; GH, growth hormone.

can be pursued. A key step in the investigation of rhGH
HS is to determine whether the reaction is due to the GH
molecule itself or a preservative. When a sensitization
is due to a preservative, the allergen can be avoided by
choosing an alternative preparation of rhGH (Table 1).
Patch testing may be particularly useful if the complaint
is persistent itching and/or dermatitis at an injection
site. In type I HS to GH molecules, desensitization tech-
niques can be considered [4, 5]. If proved to be type III
HS, desensitization is contraindicated and the patient
cannot resume rhGH treatment. If type I HS is ruled out
and history is suggestive of underlying skin disease, exac-
erbation of skin disease should be considered. This can
be managed with specific disease treatment. If there is
no improvement in skin disease, then discontinuation of
rhGH should be considered. In our patient, after ruling

Immune-complex-mediated,
type Il hypersensitivity

Desensitization
contraindicated

|

rhGH
contraindicated

rhGH allergy.

out type I HS reaction, we restarted rhGH under super-
vised setting without further exacerbation of his underly-
ing atopic dermatitis.

In conclusion, allergic and non-allergic skin reactions
are known to occur with rhGH. It is important to identify
whether the cause of the allergic reaction was GH mole-
cule or preservatives. In addition, a non-allergic reaction
due to flare up of underlying skin disorders should be
considered.
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