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Abstract

Background: In 2007, Omnitrope® was the first biosimilar recombinant human growth hormone (rhGH) to be
approved in Sweden for treatment in adults and children. Over 10 years’ safety and effectiveness data for biosimilar
rhGH can now be presented.

Methods: PATRO Children and PATRO Adults are multicenter, longitudinal, observational, post-marketing
surveillance studies. Eligible patients include children 0–18 years and adults receiving biosimilar rhGH treatment.
Adverse events (AEs) are monitored for safety evaluation. Growth variables in children and metabolic data in adults
are recorded for effectiveness evaluation.

Results: As of January 2019, data from 136 children (48% male) were reported from Swedish centers. Mean age in
rhGH treatment-naïve patients at study entry (n = 114) was 7.5 years, with mean 3.6 years treatment duration. No
severe AEs of diabetes, impaired glucose tolerance, or malignancy were reported. The most frequently reported AE
was nasopharyngitis (n = 16 patients). No clinically relevant anti-hGH or neutralizing antibodies were observed. The
mean change from baseline in height standard deviation score (SDS) in naïve prepubertal GH deficiency patients
was + 0.79 at 1 year, + 1.27 at 2 years, and + 1.55 at 3 years. Data from 293 adults (44% rhGH-naïve, 51% male) were
included. Fatigue was the most frequently reported AE (n = 26 patients). The incidence of new neoplasms or
existing neoplasm progression was 23.8 patients per 1000 patient-years. Type 2 diabetes mellitus was reported in
four patients. At baseline in rhGH-naïve adults, mean (SD) body mass index (BMI) was 29.1 (5.6) kg/m2 and mean
(SD) insulin-like growth factor (IGF)-I SDS was − 3.0 (1.4). Mean daily dose increased from 0.1 mg at baseline to 0.3
mg after 4 years. IGF-I SDS normalized during the first year of treatment. Mean BMI and glucose were unchanged
over 4 years, while low−/high-density lipoprotein cholesterol ratio decreased.

Conclusions: For the first time, Swedish data from the PATRO Children and Adults studies are presented. The 10-
year data suggest that biosimilar rhGH is well tolerated across pediatric and adult indications. Safety and
effectiveness were similar to previous reports for other rhGH preparations. These results need to be confirmed in
larger cohorts, highlighting the importance of long-term post-marketing studies.
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Background
Growth hormone (GH) replacement therapy has been
used in clinical practice for more than 50 years. Initially,
only children with GH deficiency (GHD) were treated
due to limited availability of the hormone. The develop-
ment of recombinant human GH (rhGH) increased sup-
ply, leading to approval of rhGH therapy in other
pediatric indications associated with poor growth [1]. In
adults, GH replacement therapy has been used since the
1990s, with the goal of improving metabolic and psycho-
social impairments associated with GHD [2].
Biosimilar rhGH (Omnitrope®, Sandoz, Kundl, Austria)

was approved in Australia in 2004, and by the European
Medical Agency (EMA) in 2006, as the world’s first bio-
similar rhGH, and has been used in Sweden for over 10
years.
Like all active biological medicines, biosimilar rhGH

could induce an immune response with a potential risk
that anti-rhGH or neutralizing antibodies may occur
during treatment. This has raised some safety and effi-
cacy concerns [3–5]; to ensure safe and effective use of
biosimilar medicines, the EMA demands high-quality
scientific evidence [6, 7]. To meet the EMA biosimilar
pharmacovigilance requirements, the multicenter, longi-
tudinal, non-interventional, observational PATRO (Pa-
tients TReated with Omnitrope®) studies were designed
to evaluate the long-term safety and effectiveness of bio-
similar rhGH in clinical practice [8, 9]. Enrollment of
Swedish patients in PATRO Children started in 2007
with only few patients registered before 2009; enrollment
in PATRO Adults started in 2011.
Here, we present Swedish data from the PATRO Chil-

dren and Adult databases, focusing on safety, particularly
the development of diabetes mellitus and malignancies
during the study treatment period. In addition, changes
in height variables in children and metabolic effects in
adults are reported. Swedish data collected before 2016
were included in previous international reports but the
present report includes data for an additional 3 years
and more detailed analyses.

Methods
Study design and patient population
The primary aim of the PATRO Children (patients aged
0–18 years) and Adults studies is to collect and analyze
data on the long-term safety of biosimilar rhGH in pa-
tients treated in routine clinical practice. The primary
objective is to follow patients for safety concerns, such
as the occurrence of diabetes mellitus or malignancies,
and to detect anti-hGH antibodies inducing a lack or
loss of effectiveness in pediatric patients. The secondary
aims are to assess long-term treatment effectiveness in
terms of growth response in children, and the effects on

body composition and cardiovascular risk factors in
adults.
The designs of both studies have previously been de-

scribed in detail [8, 9]. Briefly, children and adults who
are receiving treatment with biosimilar rhGH, both
rhGH-naïve and those previously treated with another
rhGH medicine, are eligible for inclusion. Patients were
enrolled consecutively and no formal exclusion criteria
were applied. The frequency of visits follows routine
clinical practice; no additional visits, tests, or assess-
ments are required as part of the study. In Sweden all
patients fulfilling the diagnostic criteria for GHD and
without contraindications are offered GH treatment.
Biosimilar rhGH dosing is at the discretion of the treat-
ing physicians as reported to the PATRO database; in-
formation on dose is collected at baseline (entry into the
PATRO study) and at least yearly thereafter.

Safety assessments
All adverse events (AEs) and serious AEs (SAEs) were
collected, recorded in electronic case report forms
(eCRF), and entered into the sponsor’s safety database
for the duration of biosimilar rhGH treatment.

Growth evaluation in children
Height and weight were measured at each visit and con-
verted to standard deviation scores (SDS) using the
current Swedish growth reference, according to sex and
age [10]. The outcome variables used for evaluation of
effectiveness were prepubertal first year gain in height
SDS (ΔHSDS) (and if possible due to age of the child,
also ΔHSDS 0–2 and 0–3 years) in rhGH-naïve patients.
The calculation of prepubertal HSDS included only data
from girls before reaching 10 years of age and from boys
before reaching 11 years [11], in order to exclude inter-
ference of the pubertal component in the combined
average growth reference.
Investigator assessment was used to confirm if patients

had reached adult height (AH) or near AH. Attained AH
in centimeters was converted to adult HSDS at age 18
years, even if AH was reached at an earlier age. Body
mass index (BMI) SDS was derived from our Swedish
reference [12]. Puberty stage was assessed clinically by
the investigator, according to standards established by
Tanner [13] and Prader [14].

Metabolic evaluation in adults
BMI, waist circumference, blood lipids, and fasting blood
glucose were assessed at treatment start and yearly
thereafter during 4 years of treatment.

Laboratory analyses
Anti-hGH antibody determination in children was car-
ried out upon request in routine clinical practice or as
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requested by the EMA in rhGH-naïve children until 2
years after the start of biosimilar rhGH treatment. Ana-
lyses were performed at a single selected laboratory (Q2

Solutions, Valencia, CA, USA). Results were entered ac-
cording to the sample collection date. Antibodies were
measured by using a semi-quantitative radioimmuno-
assay. Briefly, radio isotope labeled rhGH (125I-rhGH)
was incubated at a refrigerated temperature overnight
with the serum specimen; antibodies in the specimen
bind to the 125I rhGH. The bound/free separation was
achieved with 20% polyethylene glycol 8000 and centri-
fugation. The radioactivity of the pellet remaining in the
assay tube was counted in a gamma counter and the re-
sponse was proportional to the amount of anti-rhGH
antibodies present in the specimen. The results were re-
ported in index units calculated from a normal pool.
Specimens were considered positive when the index
value was > 1.76.
Insulin-like growth factor (IGF)-I μg/L was measured

locally at each participating center and SDS values were
calculated according to laboratory-performed analyses.
Serum high-density lipoprotein (HDL) cholesterol was
measured at a local laboratory, and serum concentra-
tions of low-density lipoprotein (LDL) cholesterol were
calculated using Friedewald’s formula [15].

Data collection and statistical analyses
Available auxological data, biochemistry, medical history,
and concomitant therapy were recorded in the eCRF.
The safety analysis set (SAF) included all patients who
had any data documented in the eCRF and who received
at least one dose of biosimilar rhGH. The effectiveness
analysis set (EFF) is a subset of the SAF and included all
patients with a documented height measurement at the
start of biosimilar rhGH treatment (baseline) and at least
one measurement of height during treatment, at least
60 days after baseline.
Statistical methods included routine descriptive statis-

tics. Continuous parameters (e.g. height, weight, BMI)
were presented as the n, mean, and standard deviation
(SD). Categorical parameters (e.g. adverse events) were
presented as frequency and percentage. The incidence of
an AE within a time period was defined as the number
of patients who experienced the event divided by the
number of patient-years. Patient-years were calculated
by period, with each patient contributing only the actual
time they were under observation in this period. A bar
chart was generated for the proportion and number of
naïve and pre-treated Swedish patients. Box plots were
generated for rhGH dose and height-derived parameters
(e.g. change from baseline in HSDS). Box plots were dis-
played by re-aligned visits, and pre-treatment and indi-
cation status. A time-series graph was generated for
height-derived parameters (e.g. HSDS) over 3 years by

indication. For effectiveness results, SDS were generated
using the relative deviation from the mean value of nor-
mally growing children of the same gender and chrono-
logical age. Statistical analyses for this study were
performed using the software SAS 9.4. The current in-
terim analysis was performed in January 2019 for both
studies.

Results
PATRO children
Baseline characteristics
As of January 2019, 136 patients (65 males [48%] and 71
females [52%]), had been enrolled in PATRO Children
from 9 sites in Sweden. At the time of analysis, 87 pa-
tients (64%) were still active in the study. The indica-
tions for rhGH treatment were: GHD, n = 66 (49%);
SGA, n = 26 (19%); TS, n = 15 (11%); PWS, n = 2 (2%);
CRI, n = 2 (2%); idiopathic short stature (ISS), n = 8 (6%);
and short stature due to other reasons, n = 17 (13%)
(Fig. 1). Data from the GHD, SGA and TS groups were
used for the EFF; effectiveness data from the groups with
PWS, CRI and ISS are not presented due to low patient
numbers in the study. However, data from all patients
are included in the SAF. Overall, 114 patients (84%)
were naïve to rhGH therapy at study entry, 21 patients
(15%) had previously received rhGH treatment, and for
1 patient pre-treatment information was missing.
Overall, 45 patients (33%) completed 5 years of treat-

ment. Mean (range) age at treatment start for rhGH-
naïve patients was 7.5 years (0.6–17.2); 7.7 (0.6–16.9)
years for males and 7.2 (1.5–17.2) years for females.
Mean (SD) duration of treatment was 41.9 (33.5) months
for rhGH-naïve patients (~ 3.5 years). In pre-treated pa-
tients, the mean (range) age at start of biosmilar rhGH
therapy was 10.6 years (5.9–15.6); 10.2 (7.4–15.0) years
for males and 10.8 (5.9–15.6) years for females. Mean
(SD) duration of rhGH treatment was 56.9 (34.1)
months for pre-treated patients (~ 4.7 years).

Safety

Adverse events Since the study began in 2007, no drug-
related SAEs of diabetes mellitus, impaired glucose toler-
ance, or new malignancy have been reported. In total, 47
patients (35%) have reported 121 AEs, with only two
AEs in one patient (1%) suspected to be related to treat-
ment. Overall, 20 events in 11 patients (8%) were consid-
ered serious, but not treatment related. The most
frequent AEs are presented in Table 1. The AE with the
highest incidence was nasopharyngitis (n = 16 patients
[12%]; incidence 31.7 patients per 1000 patient-years),
followed by ear infection, varicella, and viral infection
(n = 5 patients each [4%]; incidence 9.9 patients per 1000
patient-years; Table 1).
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Immunogenicity In total, 86 samples from 40 rhGH-
naïve patients were assessed for anti-hGH antibodies.
Only one positive anti-hGH antibody titer occurred tran-
siently in a treatment-naïve patient prior to rhGH treat-
ment; all subsequent results for this patient were negative.

Treatment discontinuation At the time of the interim
analysis, 49 of the 136 patients (36.0%) had discontinued
treatment; 26 males and 23 females. Reasons for treatment
discontinuation included: reaching AH/bone age maturation
(n= 18); reaching near AH (n= 5); patient satisfaction with
current height (n= 1); referral to an adult clinic for contin-
ued rhGH therapy (n= 5); and lost to follow up (n= 3);
Three patients discontinued enrollment due to the de-

cision of their treating physician. One male patient had a
complicated psychosocial situation after surgery for cra-
niopharyngiomas, resulting in various thyroxine, corti-
sone and antidiuretic hormone therapy, although he
continued with biosimilar rhGH treatment. The
remaining two patients were not started on rhGH treat-
ment for other reasons.
Five patients were non-compliant (three chose to stop

rhGH treatment after a period of low treatment compli-
ance, and a further two changed to another rhGH brand
due to personal preference for the “old” injection pen).

Six patients were non-responders and discontinued
treatment as a result. The first was a male diagnosed
with familial short stature and suspected fetal alcohol
syndrome who was treated for 18 months from age 11
years. First year ΔHSDS was + 0.3 with an rhGH dose
0.050 mg/kg/d. The second non-responder was a female
diagnosed with hypochondroplasia, who was treated for
41 months from age 6.4 years with an rhGH dose of
0.036 mg/kg/d. First year ΔHSDS was + 0.16. IGF-I at
baseline was missing, but was reported as 346 μg/L at
the Year 1 visit. The remaining four non-responders
(one TS, two SGA, and one GHD with an unspecified
congenital genetic syndrome) had low growth response
but had been treated with rhGH doses below those rec-
ommended in the label for reasons that were not re-
ported (but not AE-related).

Changing to biosimilar rhGH from other rhGH brands
Changing treatment to biosimilar rhGH in children diag-
nosed with GHD (n = 9), TS (n = 4), and SGA (n = 4)
was not associated with any safety issues. The propor-
tion of patients with non-serious, non-drug-related AEs
was similar in naïve (32% [n = 36/114]) and pre-treated
(38% [n = 8/21]) patients.

Fig. 1 Proportion and number of naïve and pre-treated Swedish patients from the safety population in the PATRO Children and PATRO Adults
studies. CRI chronic renal insufficiency, GHD growth hormone deficiency, ISS idiopathic short stature, PWS Prader–Willi syndrome, SGA small for
gestational age, TS Turner syndrome
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Effectiveness

rhGH dose Mean rhGH dose over 2 years is presented in
Fig. 2 for GHD and SGA patients. In all diagnosis groups,
rhGH doses were lower at baseline than at 0.5 years. For
rhGH-naïve GHD patients at baseline, median dose was
0.020mg/kg/d and increased to 0.034mg/kg/d at 0.5–1 year.

For the rhGH-naïve SGA group, median starting dose was
0.028mg/kg/d and increased to 0.034mg/kg/d at 0.5–1 year.
For the rhGH-naïve TS group, mean baseline dose was
0.030mg/kg/d and increased to 0.042mg/kg/d at 0.5–1 year.

Height assessment Attained HSDS from baseline to 3
years of treatment in rhGH-naïve prepubertal patients

Table 1 Most commonly reported adverse events in PATRO Children (incidence > 7.0) and PATRO Adults (incidence > 10.0)

MedDRA dictionary
preferred term

Maximum intensity Total
patients
n (%)

Incidencea

Mild
n (%)

Moderate
n (%)

Severe
n (%)

Missing
n (%)

PATRO Children

Nasopharyngitis 13 (9.6) 3 (2.2) 0 (0.0) 0 (0.0) 16 (11.8) 31.70

Ear infection 1 (0.7) 4 (2.9) 0 (0.0) 0 (0.0) 5 (3.7) 9.91

Varicella 2 (1.5) 2 (1.5) 0 (0.0) 1 (0.7) 5 (3.7) 9.91

Viral infection 4 (2.9) 1 (0.7) 0 (0.0) 0 (0.0) 5 (3.7) 9.91

Headache 1 (0.7) 3 (2.2) 0 (0.0) 0 (0.0) 4 (2.9) 7.93

Pneumonia 1 (0.7) 3 (2.2) 0 (0.0) 0 (0.0) 4 (2.9) 7.93

Vomiting 3 (2.2) 1 (0.7) 0 (0.0) 0 (0.0) 4 (2.9) 7.93

PATRO Adults

Fatigue 20 (6.8) 6 (2.0) 0 (0.0) 0 (0.0) 26 (8.9) 23.82

Arthralgia 13 (4.4) 3 (1.0) 0 (0.0) 1 (0.3) 17 (5.8) 15.58

Headache 9 (3.1) 4 (1.4) 0 (0.0) 0 (0.0) 13 (4.4) 11.91

Nasopharyngitis 11 (3.8) 2 (0.7) 0 (0.0) 0 (0.0) 13 (4.4) 11.91

Dizziness 9 (3.1) 1 (0.3) 2 (0.7) 0 (0.0) 12 (4.1) 11.0

Neoplasm progression 1 (0.3) 4 (1.4) 7 (2.4) 0 (0.0) 12 (4.1) 11.0

Osteopenia 12 (4.1) 0 (0.0) 0 (0.0) 0 (0.0) 12 (4.1) 11.0

Edema peripheral 7 (2.4) 3 (1.0) 1 (0.3) 0 (0.0) 11 (3.8) 10.08
aIncidence is defined as the number of patients with respective AE per 1000 patient-years; PATRO Children patient-years = 504.7, PATRO
Adults patient-years = 1091.3
AE Adverse event, PATRO Patients TReated with Omnitrope®

Fig. 2 rhGH dose per 6-month period by indication and pre-treatment status for GHD (a) and SGA (b) patients in the safety population enrolled
in PATRO Children. GHD growth hormone deficiency, rhGH recombinant human growth hormone, SGA small for gestational age
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diagnosed with GHD, SGA and TS is presented in Fig. 3.
The change in HSDS from baseline for rhGH-naïve pre-
pubertal patients with GHD, SGA and TS is shown in
Fig. 4. In GHD patients, mean change in HSDS from
baseline (ΔHSDS) was + 0.79 at 0–1 year, + 1.27 at 0–2
years, and + 1.55 at 0–3 years. For SGA patients, ΔHSDS
was + 0.79 at 0–1 year, + 1.23 at 0–2 years, and + 1.46 at
0–3 years. For TS patients, ΔHSDS was + 0.34 at 0–1
year, + 0.42 at 0–2 years, and + 0.77 at 0–3 years (when
only 1 TS patient remained in the study).
Overall, at the time of analysis, only 11 rhGH-naïve

patients had reached AH. Four male GHD patients had
mean AHSDS of − 1.9 and one female GHD patient had
AHSDS of − 2.0. Two female TS patients had mean
AHSDS of − 2.1. One male patient born SGA had
AHSDS of − 2.9 and a female patient had AHSDS of −
2.6. One male patient with ISS had AHSDS of − 2.5. In
the remaining patient, AHSDS was not recorded.

PATRO adults
Baseline characteristics
As of January 2019, 293 patients had been enrolled in
PATRO Adults from 6 sites in Sweden. There were 148
male patients (51%) and 145 female patients (50%); 130

patients (44%) were rhGH naïve at study entry and 163
(56%) were pre-treated. Mean (SD) age was 50.0 (15.4)
years for rhGH-naïve patients and 54.0 (15.1) years for
pre-treated patients. Of 250 patients with combined
GHD (multiple pituitary deficiencies), 102 patients (41%)
were rhGH naïve and 148 patients (59%) were pre-
treated (Fig. 1). Isolated GHD was observed in 41 pa-
tients, of whom 26 (63%) were rhGH naïve and 15 (37%)
were pre-treated.
The total cohort comprised 250 patients with

adulthood-onset GHD and 43 patients with
childhood-onset GHD. In the adulthood-onset group,
35 patients had isolated GHD and 211 had combined
GHD. The number of additional pituitary deficiencies
were as follows: one, 46 (22%) patients; two, 57 (27%)
patients; three, 92 (44%) patients; and four, 16 (8%)
patients. In the remaining two the diagnosis was en-
tered as ‘other’. In the childhood-onset group, 37 had
combined GHD and 6 had isolated GHD. The most
common additional pituitary deficiencies were
thyroid-stimulating hormone deficiency (n = 210;
84%), follicle-stimulating hormone/luteinizing hor-
mone deficiency (n = 195; 78%), and adrenocorticotro-
pic hormone deficiency (n = 147; 59%).

Fig. 3 HSDS of biosimilar rhGH treatment over 3 years for pre-pubertal rhGH treatment-naïve GHD, SGA, and TS patients who are younger than
10 years (girls) or 11 years (boys). GHD growth hormone deficiency, HSDS height standard deviation score, rhGH recombinant human growth
hormone, SD standard deviation, SGA small for gestational age, TS Turner syndrome
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Safety

Adverse events In total, 218 patients (74%) reported
752 AEs. AEs were mild in 169 patients, moderate in
115 patients, and severe in 33 patients. SAEs were re-
ported in 102 patients (35%, n = 185 events); these were
mild in 34 patients, moderate in 60 patients, and severe
in 33 patients.
The most frequently reported AEs are presented in

Table 1. Fatigue was the most commonly reported AE,
occurring in 26 patients (9%; incidence 24 patients per
1000 patient-years).
Development of new neoplasms or reoccurrence/pro-

gression of a pre-existing neoplasm (n = 32 events) was
reported in 26 patients (11 females and 15 males), of
whom three developed two different neoplasm types.
Four of the patients had isolated GHD and 22 had com-
bined GHD. The neoplasms developed after a median
(range) treatment duration in the study of 26.1 (1.3–

82.5) months. Of the 26 patients (incidence 23.8 patients
per 1000 patient-years), 8 patients had malignant neo-
plasms, 16 patients had benign neoplasms, 1 patient had
one malignant and one benign neoplasm, and 1 patient
was missing malignancy information. The benign neo-
plasms were in most cases progression of a residual pitu-
itary tumor. Of the malignant neoplasms, one female
patient had breast cancer, one female patient had a ma-
lignant brain tumor, one female patient had progression
of a brain tumor; one male patient had lung cancer, one
male patient had renal cancer, one male patient had
metastatic lymph nodes, and four male patients had
prostate cancer. In 13 of the patients (n = 15 events), the
rhGH dose was not changed, in seven patients (n = 7
events) rhGH treatment was permanently discontinued,
in 7 patients (n = 9 events) the rhGH dose was inter-
rupted, and in one patient (n = 1 event) the rhGH dose
was reduced. The development of these neoplasms was
considered unrelated to rhGH treatment in all cases.

Fig. 4 Change in HSDS from baseline by indication for treatment-naïve, pre-pubertal patients that are younger than 10 years (girls) or 11 years
(boys). GHD growth hormone deficiency, HSDS height standard deviation score, SGA small for gestational age, TS Turner syndrome
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Onset of diabetes mellitus type 2 after rhGH start was
reported in four patients (2 females and 2 males, 0.4%;
incidence 3.7 patients per 1000 patient-years). One of
the patients had isolated GHD and the other three had
combined GHD. Diabetes mellitus was diagnosed after
65.9, 8.6, and 32.8 months, respectively, in three patients.
In two of these patients, the rhGH dose was not chan-
ged, and in one patient rhGH treatment was perman-
ently discontinued. None of the cases of diabetes
mellitus onset were considered related to rhGH treat-
ment. In one patient who had previously received rhGH
treatment for 18.6 years, worsening of previously known
diabetes occurred on the first day of biosimilar rhGH
treatment. In accordance with the patient’s request,
rhGH treatment was consequently interrupted. Given
that the deterioration occurred shortly after biosimilar
rhGH treatment started, this event was considered treat-
ment related.
Drug-related AEs were reported in 26 patients (9%;

n = 35 events) and drug-related SAEs in 6 patients (2%;
n = 6 events). Drug-related AEs comprised: peripheral
edema (n = 7 patients); headache (n = 4 patients); myal-
gia (n = 4 patients); arthralgia (n = 3 patients); arthritis
(n = 2 patients); and bone lesion, carpal tunnel syn-
drome, diabetes mellitus, diarrhea, impaired fasting glu-
cose, increased blood glucose, joint stiffness, nausea,
pain in extremity, induration, edema, peripheral swelling,
and prescribed overdose (n = 1 each). Most of these AEs
were mild, transient, and related to the rhGH dose.
Drug-related SAEs included arthralgia, arthritis, bone le-
sion, carpal tunnel syndrome, diabetes mellitus and per-
ipheral edema (n = 1 each).

Treatment discontinuation In total, 47 patients (16%)
discontinued treatment (20 males, 27 females). Of these, 17

patients (6 males, 11 females) discontinued treatment due to
an AE, 6 patients (4 males, 2 females) switched to another
rhGH treatment, 6 patients (3 males, 3 females) discontinued
because they were referred to another clinic, 10 patients (4
males, 6 females) did not want to continue rhGH treatment,
6 patients (2 males, 4 females) discontinued for other rea-
sons, one female patient discontinued due to non-
compliance, and one male patient was lost to follow up.

Effectiveness
Effectiveness parameters for rhGH-naïve and pre-treated
adults are shown in Table 2. Mean (SD) IGF-I SDS was
− 3.0 (1.4) at baseline in rhGH-naïve patients and nor-
malized during the first year of rhGH treatment. At
baseline, patients had a high waist circumference; (mean
[SD]: 100.6 [13.6] cm) and were overweight (mean [SD]
BMI 29.1 [5.6] kg/m2); no changes in these variables
were observed during rhGH treatment. Mean (SD)
rhGH dose increased from 0.1 (0.1) mg/day at the start
of treatment to 0.3 (0.2) mg/day at the 4-year visit. Mean
LDL/HDL cholesterol ratio was 3.1 (1.4) mmol/L at
baseline, and decreased to 2.2 (0.6) mmol/L at the 4-year
visit Table 2. No change in fasting blood glucose was
seen 6.1 (2.7) mmol/L at baseline and 6.0 (1.9) mmol/L
following 4 years of treatment).
Mean BMI and waist circumference were higher at

baseline and during rhGH treatment in rhGH-naïve pa-
tients compared with pre-treated patients. After the first
year of rhGH therapy, IGF-I SDS was higher in pre-
treated patients, who also received higher rhGH doses
throughout the study period (Table 2).

Discussion
Omnitrope® is the world’s first approved biosimilar
rhGH and was introduced in Sweden in 2007. This

Table 2 PATRO Adult effectiveness parameters by pre-treatment status

Visit
(years)

Mean (SD) IGF-I SDS
(EFF)

Mean (SD) waist (cm)
(EFF)

Mean (SD) BMI (kg/m2)
(EFF)

Mean (SD) HDL/LDL
ratio
(SAF)

Mean (SD) rhGH dose
(mg/day)
(EFF)

Naïve Pre-treated Naïve Pre-treated Naïve Pre-treated Naïve Pre-
treated

Naïve Pre-treated

Baseline −3.0 (1.4)
n = 10

−0.1 (1.6)
n = 35

100.6 (13.6)
n = 85

96.9 (13.3)
n = 107

29.1 (5.6)
n = 111

28.1 (5.4)
n = 130

3.1 (1.4)
n = 18

2.3 (1.1)
n = 83

0.1 (0.1)
n = 120

0.4 (0.3)
n = 146

1 −1.2 (2.0)
n = 9

0.5 (1.2)
n = 8

98.9 (12.9)
n = 35

96.0 (11.8)
n = 64

29.4 (5.0)
n = 56

27.8 (4.7)
n = 77

2.6 (1.1)
n = 25

2.3 (1.1)
n = 62

0.3 (0.2)a

n = 114
0.4 (0.2)a

n = 142

2 −0.8 (1.6)
n = 7

1.8 (1.3)
n = 2

99.4 (13.0)
n = 23

94.5 (11.3)
n = 66

29.1 (5.5)
n = 32

27.2 (4.4)
n = 76

2.5 (0.5)
n = 11

2.2 (0.9)
n = 46

0.3 (0.2)b

n = 98
0.4 (0.2)b

n = 133

3 0.0 (2.4)
n = 2

1.8 (1.0)
n = 3

98.2 (15.0)
n = 15

95.3 (12.0)
n = 51

28.8 (6.7)
n = 22

27.8 (6.0)
n = 57

2.3 (0.6)
n = 10

2.2 (1.0)
n = 38

0.3 (0.2)c

n = 72
0.4 (0.2)c

n = 117

4 −0.8 (1.7)
n = 6

−0.2 (3.6)
n = 2

102.3 (11.7)
n = 15

97.6 (17.0)
n = 34

30.0 (7.6)
n = 23

28.0 (5.3)
n = 40

2.2 (0.6)
n = 11

2.1 (0.8)
n = 25

0.3 (0.2)d

n = 58
0.3 (0.2)d

n = 96

n Number of patients with available data
BMI Body mass index, EFF Effectiveness analysis set, IGF-I Insulin-like growth factor, HDL High-density lipoprotein, LDL Low-density lipoprotein, PATRO Patients
TReated with Omnitrope®, rhGH Recombinant human growth hormone, SAF Safety analysis set, SD(S) Standard deviation (score)
aDaily dose at years 1–1.5; bDaily dose at years 2–2.5; cDaily dose at years 3–3.5; dDaily dose at years 4–4.5
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report describes over 10 years of treatment experience in
Sweden, collected in routine clinical practice as part of
the observational PATRO studies. Until 2016, Swedish
data was included in international reports but here we
have added three more years of observation and more
detailed, individual analyses.
The main aim of the PATRO studies is to follow patients

for safety concerns such as the occurrence of diabetes mel-
litus or malignancies, and to detect anti-hGH antibodies in
rhGH treatment-naïve children. The outcomes we report
over 10 years are reassuring in terms of safety and effective-
ness across both pediatric and adult indications.
In PATRO Children, no diabetes mellitus, impaired glu-

cose tolerance, or malignancy were reported. The most
frequent AEs were of mild intensity and did not require
discontinuation of rhGH therapy. These findings are con-
sistent with data from previous studies [9, 16]. Immuno-
genicity is a potential risk for biological pharmaceuticals,
including rhGH [17], and in theory, the clinical conse-
quence of antibody development might include a loss of
efficacy [18]. The low (i.e. absent) incidence of antibody
formation against biosimilar rhGH in the Swedish PATRO
Children population confirms earlier results from inter-
ventional studies of children with GHD [16, 19] and is
consistent with earlier data from PATRO Children, which
included preliminary Swedish data [9, 20].
The main reasons for changing from rhGH to biosimilar

rhGH for pediatric patients were economic. A change of
medicine and injection device may require re-education of
patients and families in rhGH administration, an often
time-consuming process. This could result in inconveni-
ence or even have negative effects on efficacy if adherence
is affected, or patients or family members have safety con-
cerns relating to a change in medication [21]. However, a
new injection device may improve compliance due to
greater patient acceptability [22]. In our study, we did not
see any negative effects associated with changing to biosi-
milar rhGH, and reported AEs were mild, supporting earl-
ier analyses that found switching to biosimilar rhGH had
no impact on safety [23, 24].
In PATRO Adults, development of neoplasms and dia-

betes mellitus was reported in 26 and 4 patients, respect-
ively. Of note, a relationship between development of
cancer (in 8 patients) or relapse of pituitary tumor and
rhGH treatment was not suspected by the treating phys-
ician or study sponsor for any of the patients, consistent
with observations in a previous review [25]. Regarding the
onset of diabetes mellitus, rhGH treatment might impair
glucose metabolism, especially in obese patients with a fam-
ily history of diabetes mellitus. However, the prospective
KIMS (Pfizer International Metabolic Database) and Nordi-
Net (Novo Nordisk) registers of non-biosimilar rhGH-
treated adults, have reported no increase in the incidence of
diabetes mellitus type 2 in patients with GHD and a normal

BMI, although an increase in fasting blood glucose (within
normal limits) is frequently reported [25, 26]. In PATRO
Adults, AEs were mild in severity, transient, and related to
the dose of biosimilar rhGH. Frequently observed side ef-
fects with rhGH treatment, such as edema, muscle pain,
joint stiffness and pain, paraesthesia, carpal tunnel syn-
drome, and headache, are often caused by fluid retention
[25, 26]. Our present safety data from Swedish patients en-
rolled in the PATRO Adults study were consistent with
previous observations and reports [25, 26] as most AEs oc-
curred early and were related to fluid retention.
Biosimilar rhGH was effective in the pediatric popula-

tion, although only a few rhGH-naïve patients attained
AH or had reached the pubertal period by the January
2019 interim analysis. Further evaluation of effectiveness
will be possible when more patients have completed the
study at age 18 years. Among the six patients reported as
non-responders, there were no signs of the biosimilar
rhGH being ineffective. Only two of the six patients, diag-
nosed with familial short stature and hypochondroplasia,
respectively, could be judged as genuine non-responders
according to the Swedish recommendation of a first-year
gain in HSDS growth response < 0.5, despite treatment
with an adequate rhGH dose within label [27]. Familial
short stature needs careful evaluation, as a good response
to rhGH therapy is rarely seen [28–30], a situation that is
similar to short patients with fetal alcohol syndrome [31].
Height velocity may be improved in children with hypo-
chondroplasia with rhGH doses averaging 0.053 (range,
0.022–0.086) mg/kg/day, but responses vary [32, 33]. Four
of the children with low growth response received a lower
than recommended rhGH dose. The International TS
Consensus Group recommends an initial dose 0.045–
0.050mg/kg/day, increasing to 0.068mg/kg/day if AH po-
tential is compromised [34]. For short children born SGA,
the range for effect on growth is reported to be wide [35].
The reported rhGH doses in PATRO Children were lower
on average compared with the recommended doses for
similar patient groups worldwide [1, 27]. The Swedish rec-
ommendation for rhGH dose in GHD patients is 0.033
mg/kg/day based on studies of the physiology of GH se-
cretion in children [28]. In Swedish national randomized
clinical trials, an rhGH dose of 0.067mg/kg/day during
puberty showed higher growth responses compared with
standard doses in children diagnosed with GHD or non-
GHD short stature [29, 30]. In PATRO, use of rhGH doses
below those recommended may be explained by caution
among physicians in the use of a clinically new drug. In
addition, during the introduction of the biosimilar rhGH,
a report from the French SAGhE (Safety and Appropriate-
ness of Growth Hormone Treatments in Europe) study
suggested an increased risk of mortality due to bone tu-
mors and cerebrovascular diseases in patients with GHD,
ISS, or SGA treated with rhGH during childhood [31].
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Swedish, Belgian, and Dutch data from the same period did
not support this finding [32]; instead it was shown that size
at birth is an important factor [33]. However, concerns
about the consequences of rhGH dosage remain [1, 34],
and the consensus is to use the lowest effective dose if ther-
apy is started.
Another reason for using reduced rhGH doses in the

PATRO Children study may be that individual rhGH re-
sponsiveness was not considered [35]. In group analyses,
patients with non-GHD-related short stature need a
higher dose to attain the same growth response as pa-
tients with GHD [36]. This was shown for prepubertal
patients [36] and was later confirmed for pubertal
growth until AH [29, 30, 37, 38]. The variation in
growth response in the SGA group could possibly have
been reduced by estimation of responsiveness using a
prediction model [39, 40].
Adult GHD is characterized by abnormal body com-

position, with more body fat than lean body mass, an ad-
verse lipid profile, and poor quality of life [2]. Several
studies have shown that rhGH treatment improves these
variables [2, 26, 41]. Baseline characteristics for patients
in PATRO Adults were similar to previous reports of
adults with GHD (i.e. low IGF-I, overweight, and ele-
vated waist circumference) [2, 26, 41]. Also, consistent
with previous studies, we found that BMI and waist size
remained stable during treatment with biosimilar rhGH
[2, 26, 41]. Previous studies [2, 26, 41] have shown a de-
crease in total and LDL cholesterol, and in agreement
with these findings we also observed a decrease in LDL/
HDL cholesterol ratio.

Strengths and limitations
A strength of the study is the comprehensive and uni-
form long-term follow up. Data collected are monitored
twice a year by a contract research organization to en-
sure accuracy. Females represent 50% of the population
in PATRO Children, with or without the TS group. This
is a positive trend compared with earlier studies from
the Swedish national GH register and from Swedish clin-
ical trials [29, 30].
One limitation of the pediatric part of the study is the

short observation time to detect growth until AH. Add-
itionally, the small number of patients with different
diagnoses and GHD etiologies results in a heterogeneous
cohort, preventing sub-group analyses. It is also a limita-
tion that blood samples were not analyzed centrally. Fur-
thermore, there is a potential selection bias due to
enrolment of patients from a few centers. In addition, it
was not possible to compare the incidence of AEs re-
ported in the study with the background rate occurring
in a Swedish population. Systematic follow up in na-
tional databases will improve control, research, and
individualization of rhGH treatment.

Conclusion
This is the first report of long-term results from the ob-
servational PATRO studies of the first biosimilar rhGH,
presenting results for the Swedish children and adult co-
horts. Based on over 10 years of observation in real-life
clinical practice, the available data suggest that biosimi-
lar rhGH is well tolerated and effective across pediatric
and adult indications. No increased risk was seen for
neoplasia, diabetes mellitus, or immunogenicity com-
pared with other rhGH treatments. Effectiveness and
safety were similar to previously reported data for other
rhGH preparations. However, our results need to be
confirmed over longer durations and in larger cohorts,
incorporating a comparison with the background rate of
reported AEs in the overall population.
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