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Abstract: Safety concerns for recombinant human growth hormone (rhGH) treatments 

include impact on cancer risk, impact on glucose homeostasis, and the formation of antibodies 

to endogenous/exogenous GH. Omnitrope® (biosimilar rhGH) was approved by the European 

Medicines Agency in 2006, with approval granted on the basis of comparable quality, safety, 

and efficacy to the reference medicine (Genotropin®). Additional concerns that may exist in 

relation to biosimilar rhGH include safety in indications granted on the basis of extrapolation 

and the impact of changing to biosimilar rhGH from other rhGH treatments. A substantial data 

set is available to fully understand the safety profile of biosimilar rhGH, which includes data 

from its clinical development studies and 10 years of post-approval experience. As of June 2016, 

106,941,419 patient days (292,790 patient-years) experience has been gathered for biosimilar 

rhGH. Based on the available data, there have been no unexpected or unique adverse events 

related to biosimilar rhGH treatment. There is no increased risk of cancer, adverse glucose 

homeostasis, or immunogenic response with biosimilar rhGH compared with the reference 

medicine and other rhGH products. The immunogenicity of biosimilar rhGH is also similar to 

that of the reference and other rhGH products. Physicians should be reassured that rhGH products 

have a good safety record when used for approved indications and at recommended doses, and 

that the safety profile of biosimilar rhGH is in keeping with that of other rhGH products.

Keywords: recombinant human growth hormone, Omnitrope®, biosimilar

Introduction
Recombinant human growth hormones (rhGH) have been in clinical use for three 

decades.1 During this time, the safety of rhGH in children and adults has received 

considerable attention.2 A recent appraisal of rhGH in children and adults concluded 

that rhGH continues to have a good safety record when used for approved indications 

and at recommended doses, while noting the need for continued surveillance of those 

exposed to these therapies.2 Another recent study assessed expected deaths in Swedish 

patients (n=3,847) treated in childhood with rhGH for idiopathic isolated GH deficiency, 

idiopathic short stature, or born small for gestational age (SGA).3 Compared with the 

general Swedish population, the ratio of observed/expected deaths was not increased 

in the childhood rhGH-treated group when adjusting for birth characteristics.

Safety concerns for rhGH treatments generally include impact on cancer risk, impact 

on glucose homeostasis, and the formation of antibodies to endogenous/exogenous GH.4,5 

Additional concerns that may exist in relation to Omnitrope® (biosimilar rhGH; Sandoz, 

Kundl, Austria) and its biosimilar status include safety in indications granted on the basis of 

extrapolation and the impact of changing to a biosimilar rhGH from other rhGH treatments. 

This article reviews the safety experience gained with biosimilar rhGH during 10 years of 

clinical use. By 2015, 42,300 patients worldwide had been treated with biosimilar rhGH; 
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as of June 2016, 106,941,419 patient days (292,790 patient-

years) experience had been gathered for this product. Physicians 

should be reassured that the safety profile of biosimilar rhGH 

is in keeping with that of other rhGH products.

Safety profile in phase III studies
The phase III clinical development program for biosimilar 

rhGH included three pivotal studies and a total of 210 children 

with growth failure secondary to growth hormone deficiency 

(GHD; Table 1). The AQ study was a multicenter, random-

ized, controlled, open-label phase III study consisting of three 

parts, performed consecutively in the same cohort of children 

with GHD (n=89).6,7 Throughout the 84 months of treatment, 

the safety profile of biosimilar rhGH was as expected from 

previous experience with the reference medicine and other 

rhGH preparations. The majority of reported adverse events 

(AEs) were mild in intensity. Adverse drug reactions (ADRs) 

with a frequency of at least 0.05 events per patient-year included 

increased glycosylated hemoglobin (HbA1c), headache, and 

injection-site hematoma. Only one serious adverse reaction was 

reported; this was a case of worsening of pre-existing scoliosis 

that required several hospitalizations during the study period.

The Lyo study was a multicenter, non-comparative 

phase III study using biosimilar rhGH 5 mg/mL lyophilized 

formulation in the treatment of GHD children (n=51).6 

Children were treated for a period of up to 48 months. The 

biosimilar rhGH safety profile was as expected from previous 

experience with the reference medicine and other rhGH prep-

arations. AEs occurring in .5% of patients were eosinophilia 

(12%), injection-site reactions (10%), hypothyroidism (8%), 

and scoliosis (6%). The majority of AEs were mild in inten-

sity; three (contusion, increase in blood alkaline phosphatase, 

and increase in HbA1c) were assessed as being of moderate 

intensity. No patients withdrew from study treatment due to 

an AE, and there were no drug-related serious AEs.

The third phase III study was an open-label study 

conducted in Spain to assess the safety and efficacy of 

long-term treatment (up to 5 years) with biosimilar rhGH 

3.3 mg/mL liquid formulation in children with GHD (n=70).8 

The majority of reported AEs (401/426; 94%) were assessed 

as mild in intensity; 22 were assessed as moderate and one 

(toothache) as severe. Drug-related AEs (17 events) were 

reported in 10 patients; 15/17 were assessed as mild in 

intensity. Drug-related AEs included myopia (1), vomiting 

(2), gastroenteritis (1), viral pharyngitis (1), injection-site 

pain (2), antibody test abnormal (3), hyperglycemia (1), 

tendonitis (1), headache (2), migraine (2), and dermatitis (1). 

No patients withdrew from study treatment due to an AE, and 

there were no drug-related serious AEs.8 At the end of the 

study, those patients still growing were offered to remain on 

treatment (as in usual clinical practice) and continued to be 

monitored for up to a further 5 years.9 No treatment-related 

AEs were reported in any of the patients who participated in 

the additional treatment and follow-up period. None of the 

patients discontinued this part of the study due to an AE.

A phase IIIb study was also conducted, in France, in 

51 patients with GHD (Data on file, Sandoz, November 2011). 

No severe AEs occurred, no special concomitant treatments 

were necessary, and no AE resulted in withdrawal from the 

study. There were no unexpected AEs in this study. Two serious 

AEs were reported (appendectomy and constipation), neither 

of which was considered to be related to study treatment.

Safety profile in post-approval 
studies and extrapolated indications
A number of post-approval studies of biosimilar rhGH 

are ongoing, and these are a useful source of data for this 

product in indications granted on the basis of extrapolation. 

The PAtients TReated with Omnitrope® (PATRO) Children 

study is an ongoing, long-term, post-marketing surveillance 

Table 1 Pivotal phase iii studies with Omnitrope®

Study AQ study6,7 Lyo study6 Spanish study8

Design Randomized, controlled, open-
label study (Poland, Hungary)

Open-label, non-comparative 
multicenter study (Poland, Hungary)

Open-label, non-comparative 
multicenter study (Spain)

Subjects Prepubertal children with GHD, 
previously untreated with rhGH

Prepubertal children with GHD, 
previously untreated with rhGH

Prepubertal children with GHD, 
previously untreated with rhGH

investigational 
medicinal products

Omnitrope® 5 mg/mL lyophilized
Omnitrope® 3.3 mg/mL liquid
Reference medicine

Omnitrope® 5 mg/mL lyophilized Omnitrope® 3.3 mg/mL liquid

Dose 0.03 mg/kg SC 0.03 mg/kg SC 0.03 mg/kg SC
Duration Up to 84 months Up to 48 months Up to 60 months (mean  

44 months)
Number of 
subjects

89 51 70

Abbreviations: GHD, growth hormone deficiency; rhGH, recombinant human growth hormone; SC, subcutaneous.
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program.10 The main objective of PATRO Children is to 

assess the long-term safety of biosimilar rhGH, particularly 

in terms of the diabetogenic potential of rhGH therapy, the 

risk of malignancies, and potential risks of rhGH in children 

with Prader–Willi syndrome (PWS). All AEs are recorded 

at each visit for the complete duration of rhGH treatment. 

Fasting plasma glucose, 2-hour oral glucose tolerance tests, 

insulin levels, HbA1c, and anti-GH antibodies are requested 

to be documented according to routine clinical practice.

As of July 2016, 5,007 patients had been enrolled 

in PATRO Children, with a mean treatment duration of  

32.4 months with biosimilar rhGH.11 The majority of patients 

included have GHD; there are also a good number of patients 

included with a diagnosis of SGA, Turner syndrome (TS), 

and PWS. Baseline characteristics are shown in Table 2.

Overall, 1,924 patients (38.4%) had experienced AEs, 

most of which were mild to moderate in intensity (Table 3). 

Very few patients (3.5%) had withdrawn due to AEs (Table 4). 

Omnitrope® treatment was interrupted in 126 patients (2.5%) 

and the dose was reduced in 43 patients (0.9%). In total, 

284 patients (5.7%) had reported drug-related AEs, with 

headache being the most common (75 patients, 1.5%) 

(Table 3). In total, 126 samples from 67 patients were 

assessed for anti-hGH antibodies. Only one positive anti-

hGH antibody titer occurred transiently in a treatment-naïve 

patient at baseline; all subsequent results for this patient were 

negative. So far, 12 patients have been tested for anti-hGH 

antibodies following 2 years of biosimilar rhGH treatment; 

no positive anti-hGH antibody titers have been reported in 

these patients. In addition, there had been no reports of rhGH-

related malignancies or any additional safety concerns.

Also ongoing is a prospective, open-label, non-comparative, 

multicenter phase IV study to assess the safety and efficacy 

of Omnitrope® in short children born SGA.12 This is the larg-

est prospective clinical study so far conducted on rhGH in 

SGA patients. In total, 278 children have been enrolled and 

received study medication; 249 have completed 2 years of 

treatment.13 No child has developed diabetes mellitus during 

the first 2 years; no fasting glucose or 2-hour oral glucose 

tolerance test value exceeded the pre-defined limits (.126 

or .200 mg/dL, respectively). Treatment-emergent AEs 

were experienced by 211 (76.2%) children; most of these 

were mild-to-moderate in intensity (99.3%) and unrelated 

to study treatment (97.6%). Twenty-four drug-related AEs 

occurred in 17 (6.1%) patients (hypothyroidism, n=7; head-

ache, n=3; impaired fasting plasma glucose, n=3; IGF-I/

IGFBP-3 increased, n=2; thyroid-stimulating hormone 

increased, n=1; puncture site hematoma, n=1; scoliosis, 

n=1; upper respiratory tract infection, n=1; bronchitis, n=1; T
ab
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Table 4 Reasons for treatment discontinuation in PATRO 
Children11 as of July 2016, n (%)

Patient reached final height/bone age maturation 488 (29.8)
Hv slowdown (Hv ,1 cm/year) 6 (0.4)
Reached near final height 85 (5.2)
Patient satisfied with current height 85 (5.2)
Patient does not wish to continue the injections 176 (10.7)
Patient non-compliant 51 (3.1)
Non-responder 78 (4.8)
Adverse event 57 (3.5)
Switch to other GH product 113 (6.9)
Lost to follow-up 199 (12.1)
Other reasons 276 (16.8)
Unknown 10 (0.6)
Total 1,640 (100)

Abbreviations: GH, growth hormone; Hv, height velocity; PATRO, PAtients 
TReated with Omnitrope®.

Table 3 Summary of Aes reported in PATRO Children11 as of 
July 2016

Number of subjects (%)
N=5,007

Any Ae 1,924 (38.4)
Relationship to study drug

Not suspected 1,836 (36.7)
Suspected 284 (5.7)

intensity
Mild 1,481 (29.6)
Moderate 861 (17.2)
Severe 186 (3.7)
Missing 326 (6.5)

Changes to Omnitrope® treatment
 Not changed 1,790 (35.7)
 increased 66 (1.3)
 Reduced 43 (0.9)
 interrupted 126 (2.5)
 Permanently discontinued 56 (1.1)
 Missing 93 (1.9)

Serious Aes
No 1,832 (36.6)
Yes 323 (6.5)

Treatment-related Aes (.10 patients), by  
MedDRA preferred term

Headache 75 (1.5)
injection-site hematoma 19 (0.4)
Arthralgia 19 (0.4)
injection-site pain 18 (0.4)
Hypothyroidism 13 (0.3)
Pain in extremities 10 (0.2)

Abbreviations: Ae, adverse event; PATRO, PAtients TReated with Omnitrope®; 
MedDRA, Medical Dictionary for Regulatory Activities.

impaired glucose tolerance, n=1; pharyngitis, n=1; viral 

infection, n=1; scarlet fever, n=1). All were considered mild 

in severity, except one case of headache, and none required 

permanent discontinuation of study medication.13 Serious 

AEs were reported in 22 patients (7.9%), with only one 

(severe headache) suspected to be related to study treatment. 

There have been no reports of malignancies or deaths during 

the first 2 years of treatment.13

PATRO Adults is an ongoing observational, multicenter, 

open, longitudinal study of biosimilar rhGH, conducted 

in hospitals and specialized endocrinology clinics across 

Europe. The primary objective is to assess the safety and 

efficacy of biosimilar rhGH in adults treated in routine 

clinical practice.14 As of March 2016, 1,043 patients had 

been enrolled in the study; 562 (54%) had received previous 

GH treatment.15 To date, 2,025 AEs had been reported in 

597 (54%) patients, with 317 (in 187 patients) regarded as 

serious. One hundred and sixteen AEs in 72 patients were 

suspected as drug-related. These included 19 nervous system 

disorders, 19 musculoskeletal/connective tissue disorders, 

17 general disorders/administration site conditions, and two 

investigations (increased IGF levels). Twenty-two serious 

AEs in 14 patients were recorded as possibly related to 

study treatment, including one incidence of diabetes mel-

litus. Of the 159 patients who had discontinued treatment, 

39 did so due to an AE.

Changing to Omnitrope® from 
other rhGH treatments
Physicians are often required to change the rhGH used by 

their patients due to health plan and/or patients’ insurance 

demands,16 or changes in formularies. It has been suggested 

that changing patients from one type of rhGH to another 

may adversely affect patient care.17 Several studies have 

evaluated the impact of changing from other rhGH treat-

ments to biosimilar rhGH. An analysis of phase III clinical 

data assessed the efficacy and safety of rhGH in children 

who received continuous biosimilar rhGH therapy either 

with lyophilized powder for solution or ready-to-use solu-

tion, and children who received 9 months of treatment with 

the reference rhGH followed by biosimilar rhGH solution 

thereafter.18 Across all groups, few children experienced 

ADRs; more ADRs were observed during the first than the 

second 9-month treatment period, whether the patients were 

changed between products or stayed continuously on the 

same treatment.18 Immunogenicity was uncommon across 

the groups analyzed. No relevant increased risk of anti-GH 

antibodies emerged following the change from the reference 

rhGH to biosimilar rhGH.18 Another study has reported 

data from Sweden following the change (for cost reasons) 

of children (n=98) from other rhGHs to biosimilar rhGH.19 

Following the change to biosimilar rhGH there were no 

reports of serious or unexpected ADRs.
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Formation of antibodies
Immunogenicity is a potential concern for all biological 

medicines. The mechanisms that lead to a break in immune 

tolerance to recombinant human proteins are not completely 

understood, but patient- and product-related factors are 

thought to be involved.20,21 Administration of large thera-

peutic proteins via the subcutaneous route (which results in 

therapeutic proteins such as rhGH reaching the circulation via 

the lymphatic system) is more likely to stimulate an immune 

response than other administration routes. The development 

of an immune response to a biological therapy may not 

necessarily have any clinical consequences. Occasionally, 

however, clinical consequences can arise; if the generated 

antibodies neutralize the activity of the biopharmaceutical 

and/or the endogenous protein, loss of efficacy or more 

serious clinical effects can occur.22 The capacity of antibodies 

to bind to biosimilar rhGH is low, and there is no effect on 

response to treatment. Testing for antibodies to GH is advised 

in any patient with an otherwise unexplained lack of response. 

The incidence of antibody formation to biosimilar rhGH is 

similar to that reported for the reference medicine.23

In the AQ study, some patients who developed anti-rhGH 

antibodies received a non-commercial lyophilized form of bio-

similar rhGH, which included an undetected increased content 

of host cell proteins.7 Once switched to the improved com-

mercial preparation, the proportion of patients with detectable 

antibodies had decreased after 3 months and continued to do 

so over the course of the study; the presence of anti-rhGH anti-

bodies did not have any impact on patient growth (Figure 1). 

Similarly, the safety profile was comparable in patients with 

and without detectable antibodies. One of 45 patients treated 

with the reference rhGH over 9 months developed anti-rhGH 

antibodies. Forty-four of these patients were switched to bio-

similar rhGH liquid formulation, three of whom developed low 

titers of anti-rhGH antibodies; at the final visit (84 months) no 

patient had detectable levels of antibodies.7 The immunogenic-

ity profile of biosimilar rhGH in the other pre-approval studies 

was also reassuring. None of the participants in the Lyo study 

or the French phase IIIb study developed anti-rhGH antibodies 

during 24 months treatment.7 In the Spanish phase III study, 2 

out of 70 patients (2.9%) treated with biosimilar rhGH for up 

to 60 months developed anti-rhGH antibodies; in all cases, the 

occurrence of antibodies was transient in nature.8

In the phase IV SGA study, anti-rhGH antibody levels 

above the cutoff value were measured in 7 patients (2.7%) at 

year 1 and in 3 patients (1.2%) at year 2.13 Positive test results 

were transient, with only 2 (0.8%) patients having antibodies 

above the cutoff value on two separate visits.

An analysis was performed of pooled antibody test data 

across the biosimilar rhGH clinical development program. 

Data from 4,645 tests in 492 patients were analyzed; included 

patients had participated in the three phase III studies (includ-

ing the AQ study), the phase IIIb study conducted in France, 

and the phase IV study in SGA children. Overall, only 

6 (1.2%) patients had antibody titers above the cutoff value on 

two separate visits, confirming the low immunogenic potential 

of biosimilar rhGH. None of the patients from these studies 

discontinued treatment due to increased antibody titers.

Summary
A substantial data set is available to fully understand the 

safety profile of biosimilar rhGH, which includes data from 

its clinical development studies and 10 years of post-approval 

experience. Based on the available data, there have been 

Figure 1 HSDS (A) and HvSDS (B) among patients in the AQ study (unpublished data April 2009) who did and did not develop anti-rhGH antibodies.
Abbreviations: HSDS, height standard deviation score; HvSDS, height velocity standard deviation score; rhGH, recombinant human growth hormone.
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no unexpected or unique AEs related to biosimilar rhGH 

treatment. There is no increased risk of cancer or adverse 

glucose homeostasis with biosimilar rhGH compared with 

the reference medicine and other rhGH products. In addi-

tion, the immunogenicity of biosimilar rhGH is similar to 

that of the reference and other rhGH products.

Extrapolation is an important element of the biosimilar 

concept and is part of the framework for approval of these 

agents by the European Medicines Agency; it allows for 

approval of a biosimilar for the same indications as the refer-

ence medicine without the need for clinical studies in each 

individual condition, as long as the mode of action is the same 

in the different indications. Post-approval studies are therefore 

important to provide safety and efficacy data in extrapolated 

indications. Again, these studies have not uncovered any 

unexpected or unique safety concerns with biosimilar rhGH, 

and have not shown any increased risk of AEs associated with 

specific conditions such as TS (scoliosis, diabetes, slipped 

capital femoral epiphysis), PWS (scoliosis, obstructive sleep 

apnea), and short children born SGA (diabetes). Physicians 

can be reassured that the safety profile of biosimilar rhGH is 

in keeping with that of other rhGH products.
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