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Purpose: Long-term studies are needed to investigate the safety of recombinant human growth hormone (rhGH) for the treatment of 
growth hormone deficiency (GHD) in routine practice. The objective of this study was to evaluate the safety and effectiveness of 
biosimilar rhGH (somatropin; Omnitrope®) in adults with GHD.
Methods: PAtients TReated with Omnitrope (PATRO) Adults was a post-marketing surveillance study conducted across Europe. 
The primary objective was the safety of biosimilar rhGH in adults, particularly the occurrence of glucose intolerance or diabetes 
mellitus and malignancies. All adverse events (AEs) were recorded throughout treatment. Treatment effectiveness was a secondary 
objective.
Results: By December 2021, 1527 patients (50.3% male) were enrolled from 84 centers in 10 European countries. Most patients 
had adult-onset GHD (n = 1243; 81.4%) and 771 (50.5%) were rhGH-naïve at study entry. Median (interquartile range) treatment 
duration was 4.4 (1.90–7.30) years. Overall, 1181 patients (77.3%) reported 6667 AEs. Treatment-related AEs were reported in 
143 patients (9.4%; 216 AEs); arthralgia was most common (n = 24). There were 49 confirmed diabetes mellitus events; 44 in 
newly diagnosed patients. Overall, 84 malignancies were reported. There were 46 treatment-related serious AEs in 39 patients 
(2.6%). The most frequently reported treatment-related serious AE was “metabolism and nutrition disorders” (n = 12). In rhGH- 
naïve patients, an increase in mean insulin-like growth factor-1 (IGF-1) standard deviation score (SDS) was observed from –2.03 
at baseline to +0.28 at 5 years. An increase in IGF-1 SDS was also observed in previously treated patients from –0.71 to +0.35. 
Body mass index remained stable while blood lipid levels improved from baseline to 5 years.
Conclusion: Final data from PATRO Adults confirm that biosimilar rhGH (Omnitrope) is not associated with any unexpected safety 
signals, with no evidence of increased diabetogenic or carcinogenic risk, and is effective in real-world clinical practice.

Plain language summary:  
Why was the study done? 

– Growth hormone deficiency is a condition caused by insufficient amounts of growth hormone in the body, which can be treated 
with daily injections of a replacement growth hormone medicine. 

– It is important to monitor the safety of long-term treatment with growth hormone, especially regarding the risk of cancer and 
diabetes. 
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What did the researchers do? 
– The PATRO Adults study included adult patients with growth hormone deficiency who were treated with a growth hormone 

medicine called Omnitrope. 
– The researchers main aim was to evaluate specific safety concerns, including any potential increased risk of cancer and diabetes. 

What did the researchers find? 
– A total of 1527 patients were enrolled in the study. 
– Overall, 143 patients had an adverse reaction that was considered to be related to growth hormone treatment, the most common of 

which was arthralgia, a type of joint ache, which occurred in 1.6% of patients. 
– Overall, 17 patients (1.1%) developed diabetes and four patients (0.3%) developed cancer that was suspected as being related to 

growth hormone treatment. 
– The risk of developing diabetes and cancer was low and comparable to what has been seen in previous studies in patients treated 

with growth hormone. 
What do the results mean? 

– The safety findings from this study were consistent with the well characterized safety profile of growth hormone treatment in 
adults with growth hormone deficiency. This supports previous studies showing no evidence of increased risk of cancer or 
diabetes with growth hormone treatment in adults. 

Keywords: somatropin, long-term, real-world, European, diabetes, malignancy

Introduction
Growth hormone (GH) deficiency (GHD) in adults is associated with abnormal substrate metabolism, body composition, 
and physical and psychosocial function. Consequently, adult patients with GHD have difficulty controlling their body 
weight and may have increased body fat and decreased muscle mass and exercise capacity, as well as poor psychosocial 
function, all of which have a negative impact on quality of life (QoL).1,2

Adults with GHD include individuals with acquired GHD secondary to structural lesions or treatment of them, prior 
childhood-onset GHD, head trauma, and idiopathic GHD.3

Adult patients diagnosed with severe GHD are eligible for GH replacement therapy, the main goals of which are 
to reverse the metabolic, functional, and psychological abnormalities associated with adult GHD. Treatment of GHD 
in adults with recombinant human GH (rhGH) has proved to be effective for improving body composition, exercise 
capacity, skeletal integrity, blood lipid profile, and overall QoL.1,2,4 Although the risks associated with rhGH therapy 
are low,2 long-term clinical studies are integral to assessing the safety of rhGH therapy in routine clinical practice, 
both during treatment and after treatment cessation, particularly regarding the potential diabetogenic and carcino
genic risk.

Omnitrope® (somatropin; Sandoz GmbH, Kundl, Austria; henceforth referred to as “biosimilar rhGH”) is 
a biosimilar rhGH approved by the European Medicines Agency in 2006 for the treatment of adult and pediatric 
patients with GHD, with approval granted based on similar quality, safety, and efficacy to the reference medicine 
(Genotropin®; Pfizer Limited, Sandwich, United Kingdom).5,6 Biosimilar rhGH is also approved in other pediatric 
populations, including patients with Turner syndrome, Prader-Willi syndrome, chronic renal insufficiency, and short 
children born small for gestational age.6 Sandoz undertook the development of biosimilar rhGH in 1996, which was 
the world’s first development program of a biosimilar. Biosimilar rhGH is currently approved in 80 countries, and in 
real-world practice has generated >886,092 patient treatment-years of experience worldwide in approved indications 
up to January 2022 (Unpublished data: Sandoz. Omnitrope Periodic Safety Update Report [PSUR]; March 2022), 
showing that biosimilar rhGH is as effective and well tolerated as other available rhGH products. This growing body 
of evidence highlights the importance of experience with biosimilars beyond clinical studies to reassure healthcare 
professionals and patients regarding their use.

The PAtients TReated with Omnitrope (PATRO) Adults study was a large, longitudinal, multicenter, post-marketing 
surveillance study of the long-term efficacy and safety of biosimilar rhGH for the treatment of adults with GHD, 
conducted in hospitals and specialized endocrinology clinics across Europe.
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Previous interim analyses from the PATRO Adults study demonstrated that of biosimilar rhGH is not 
associated with any unexpected safety signals and is effective in adults with GHD treated in a real-world practice. 
The results did not indicate an increased risk of diabetes mellitus or carcinogenic effect of rhGH in adults with 
GHD, but an increased risk of second new malignancies in patients with previous cancer could not be excluded 
based on the interim data set.7–9 Here, we present the final global safety and effectiveness data from the PATRO 
Adults study.

Materials and Methods
The design of this study has been described previously in detail.10 Briefly, eligible patients were male or female 
adults who received biosimilar rhGH treatment as part of routine clinical practice and according to the Summary of 
Product Characteristics recommendations.11 Patients who received treatment with another rhGH therapy before 
starting biosimilar rhGH were also eligible for inclusion.10 The study was conducted at hospitals and specialized 
endocrinology practices in countries where biosimilar rhGH had received marketing authorization – Belgium, Czech 
Republic, France, Germany, Greece, Italy, the Netherlands, Spain, Sweden, and the UK.

The primary objective of PATRO Adults was to analyze the safety and efficacy of biosimilar rhGH in routine clinical 
practice, with particular emphasis on the diabetogenic and carcinogenic risk.10 Effectiveness was assessed as a secondary 
objective.

The PATRO Adults study protocol was approved by the ethics review committee of participating centers in 
accordance with national laws and regulations. All procedures were performed in accordance with the ethical 
standards of these committees and with the Declaration of Helsinki. Written informed consent was obtained from 
all participating patients.

All clinic visits and assessments were conducted as part of routine clinical practice according to the prescribing 
physician’s discretion, and data were collected at each routine visit during biosimilar rhGH treatment. Safety assessments 
comprised monitoring and recording all adverse events (AEs), including those considered serious according to the 
International Conference on Harmonisation Guideline for Good Clinical Practice definition.12 The relationship between 
AEs and biosimilar rhGH treatment was evaluated independently by investigator and sponsor assessment, and classified 
according to the worse case.

All AEs were recorded for the complete duration of biosimilar rhGH treatment. Particular emphasis was placed on long-term 
safety, the incidence of hyperglycemia, the development of glucose intolerance or diabetes, and the re-occurrence or de novo 
onset of malignancies.

Effectiveness assessments included evaluation of insulin-like growth factor-1 (IGF-1) and lipid levels, body composition, 
and QoL outcomes.

Data Collection and Study Populations
Patient data were entered into an electronic case report form (eCRF) at each routine visit. eCRFs were reviewed by 
data management and on-site monitoring was performed by a contract research organization.

Laboratory assessments and vital signs were requested to be documented at least annually, in accordance with routine 
clinical practice.

The study was conducted from September 2007 to December 2021. All enrolled patients who received ≥1 dose of 
biosimilar rhGH were included in the safety population, which consisted of all patients documented within the eCRF at 
the time of final database lock (December 2021; study close). Patients for whom neither a visit date nor a start date of 
biosimilar rhGH treatment had been documented were excluded.

The effectiveness population was a subset of the safety population and included all patients with a documented 
baseline visit (start of biosimilar rhGH treatment) and at least one further documented visit under biosimilar rhGH 
treatment. Missing data were not included in the analysis, and reasons for discontinuation for any reason, including 
lost to follow-up, were analyzed.
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Results
Patient Characteristics and Diagnostic Details
By December 2021, 1527 patients had been enrolled from 84 centers in 10 European countries (Belgium, Czech 
Republic, France, Germany, Greece, Italy, the Netherlands, Spain, Sweden, and the UK). The majority of patients 
were enrolled in the UK (n = 446; 29.2%), Germany (n = 425; 27.8%), and Sweden (n = 311; 20.4%).

At the time of analysis (database lock), all 1527 patients (100%) stopped documentation following study closure. 
A total of 923 patients (60.4%) continued biosimilar rhGH treatment, 418 patients (27.4%) stopped treatment, and 78 
patients (5.1%) had unknown further treatment at study closure. There were 108 patients (7.1%) lost to follow-up and 
without information on GH treatment.

All outcome data presented include patients with documented data as defined previously. Most patients had adult-onset 
GHD (n = 1243, 81.4%; childhood-onset, n = 267, 17.5%; missing, n = 17, 1.1%). In addition, 771 patients (50.5%) were 
rhGH-naïve at study entry, whereas 756 (49.5%) had been pretreated with another rhGH. Further baseline characteristics of 
enrolled patients are shown in Table 1. Overall, 1350 patients (88.4%) had multiple pituitary hormone deficiencies (one 
additional hormone deficiency, n = 278 [20.6%]; two additional deficiencies, n = 361 [26.7%]; three additional deficiencies, 
n = 709 [52.5%]) or isolated GHD (n = 169; 11.1%). Approximately half of the patients (756; 49.5%) had been pretreated 
with GH before study participation, for a mean (standard deviation [SD]) duration of 11.0 (7.9) years. Concomitant 
medication use included thyroid hormones (any; n = 1016), hydrocortisone/cortisone (any; n = 1185), sex hormones (any; 
n = 641), and desmopressin (any; n = 222). Brain tumor was the most frequent etiology for GHD in patients with isolated 
GHD (45.6%) and in patients with combined GHD (64.9%). Other etiologies included idiopathic, traumatic brain injury, 
autoimmune disease, malformation, genetic disorder, and infection (Table 2).

Overall, 1527 patients were included in the safety analysis and 1386 were included in the efficacy analysis.

Table 1 Patient Characteristics at Enrollment (Safety Analysis Set)

GHD Isolated GHD Combined GHD Othera Total

N (%) N (%) N (%) N (%)

Total, N 169 (11.1) 1350 (88.4) 8 (0.5) 1527 (100.0)

Sex

Male 69 (4.5) 693 (45.4) 6 (0.4) 768 (50.3)
Female 100 (6.5) 657 (43.0) 2 (0.1) 759 (49.7)

Pretreatment

No 97 (6.4) 668 (43.7) 6 (0.4) 771 (50.5)
Yes 72 (4.7) 682 (44.7) 2 (0.1) 756 (49.5)

GHD onset

Childhood 35 (2.3) 229 (15.0) 3 (0.2) 267 (17.5)
Adulthood 129 (8.4) 1112 (72.8) 2 (0.1) 1243 (81.4)

Missing 5 (0.3) 9 (0.6) 3 (0.2) 17 (1.1)

Age (years)

Mean (SD) 43.08 (15.29) 49.10 (15.55) 42.88 (16.30) 48.40 (15.64)

Age categories (years)

<25 24 (1.6) 97 (6.4) 1 (0.1) 122 (8.0)
25 to <45 68 (4.5) 418 (27.4) 3 (0.2) 489 (32.0)

45 to <60 54 (3.5) 451 (29.5) 2 (0.1) 507 (33.2)

≥60 23 (1.5) 384 (25.1) 2 (0.1) 409 (26.8)

BMI (kg/m2)
Mean (SD) 29.44 (6.89) 29.47 (6.48) – 29.46 (6.51)

Notes: aOther GHD type was diagnosed (five patients) or diagnosis was missing (three patients). 
Abbreviations: BMI, body mass index; GHD, growth hormone deficiency; n, number of patients in the analysis population; 
N, number of patients in the total population; SD, standard deviation; %, percentage of patients calculated as number of 
patients/N; -, data not reported.
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rhGH Treatment
The overall mean (SD) baseline biosimilar rhGH dose was 0.288 (0.230) mg/day. Among patients with isolated GHD, the 
mean (SD) baseline dose was 0.344 (0.263) mg/day, whereas in patients with combined GHD it was 0.309 (0.221) mg/day. 
In patients who were pretreated with GH, baseline biosimilar rhGH dose was 0.375 (0.271) mg/day, whereas naïve patients 
received a baseline dose of 0.201 (0.132) mg/day. Most patients were dosed within the recommended dose range of 
0.2–0.5 mg/day. The European Summary of Product Characteristics considers doses >1.0 mg/day rare.11 However, 
33 patients (2.2%) received doses >1.0 mg/day.

The overall median (interquartile range) biosimilar rhGH treatment duration in the study was 4.4 (1.90–7.30) years. In 
the current study, pretreated patients had a longer treatment duration compared with naïve patients (5.40 [2.30–7.65] 
versus 3.90 [1.60–6.60] years, respectively). Overall, patients were observed for 7293.1 patient-years.

Treatment Discontinuation
Following study closure, over half of patients (n = 837; 54.8%) discontinued the study since the sponsor requested that 
documentation stop. Other reasons included administrative center/site closure (n = 117; 7.7%), patients lost to follow-up 
(n = 108; 7.1%), or stopping after referral to another endocrinologist (n = 30; 2.0%). In addition to the sponsor-requested 
documentation stop, 418 of the 1527 (27.4%) patients stopped treatment for other reasons, most commonly due to an AE 
(n = 159/418; 38.0%) or because they did not wish to continue injections (n = 157/418; 37.6%).

The most common AEs that resulted in discontinuation were (Medical Dictionary for Regulatory Activities 
[MedDRA] preferred term [PT]) prostate cancer (n = 10), headache (n = 8), breast cancer (n = 7), neoplasm progression 
(n = 6), peripheral edema (n = 6), arthralgia (n = 5), colorectal cancer (n = 4), and pain in extremity (n = 4).

AEs of special interest that led to discontinuation (MedDRA system organ class [SOC]) comprised “Neoplasms 
benign, malignant, and unspecified”, n = 48 (3.1%) (including new malignancies [n = 38; 2.5%]) and “Metabolism and 
nutrition disorders”, n = 4 (0.3%) (including confirmed diabetes mellitus [n = 3; 0.2%]).

Adverse Events
Reported AEs are summarized in Table 3 (safety population, N = 1527). Overall, 1181 patients (77.3%) reported AEs 
(n = 6667 events). Most AEs were considered mild or moderate in intensity (Table 3); 373 AEs in 218 patients (14.3%) 
were severe. In total, 143 patients (9.4%) reported 216 AEs considered to be related to treatment. The most frequently 
reported treatment-related AEs (MedDRA PTs) were arthralgia (n = 24/1527; 1.6%), newly diagnosed type 2 diabetes 
mellitus (n = 17; 1.1%), myalgia (n = 16; 1.0%), headache (n = 15; 1.0%), and peripheral edema (n = 10; 0.7%).

Table 2 Diagnostic Details (Safety Population, N = 1527)

Etiology Isolated GHD 
(n = 169)

Combined GHD 
(n = 1350)

N (%) N (%)

Brain tumor 77 45.6 876 64.9
Other 37 21.9 211 15.6

Idiopathic 26 15.4 137 10.1

Traumatic brain injury 9 5.3 34 2.5
Autoimmune disease 1 0.6 30 2.5

Malformation 8 4.7 28 2.1

Genetic disorder 10 5.9 21 1.6
Infection – – 7 0.5

Missing 1 0.6 6 0.4

Abbreviations: GHD, growth hormone deficiency; n, number of patients 
in the analysis population; N, number of patients in the total population; 
%, percentage of patients calculated as n/N.
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Serious AEs (SAEs) were reported in 621 patients (40.7%) (n = 1503 events); of these, 39 patients (2.6%) had SAEs 
that were considered to be related to treatment (n = 46 events). The most frequently reported treatment-related SAEs 
(MedDRA SOCs) were “metabolism and nutrition disorders” (n = 22 [1.4%] patients, including newly diagnosed type 2 
diabetes [n = 17 (1.1%) patients] and worsening or inadequately controlled diabetes mellitus [n = 4 (0.3%) patients]) and 
“neoplasms benign, malignant, and unspecified (including cysts and polyps)” (n = 8 [0.5%] patients).

There were 49 events of confirmed diabetes mellitus (MedDRA high-level term: diabetes mellitus [including subgroups]) 
in 49 patients (3.2%); 44 events (in 44 [2.9%] patients) were newly diagnosed and five events (in five [0.3%] patients) were 
worsening or inadequately controlled diabetes mellitus in patients with pre-existing diabetes mellitus (Table 4). Among these 
49 patients with diabetes mellitus, the event was assessed as serious in 47 patients (3.1%), 38 patients (2.5%) required medical 
treatment, and three patients (0.2%) permanently discontinued rhGH treatment as a result. Diabetes mellitus cases were 
suspected as being related to rhGH treatment in 21 patients (1.4%): 17 patients (1.1%) with newly diagnosed type 2 diabetes 
mellitus and four patients (0.3%) with worsening or inadequately controlled diabetes mellitus (type 2 diabetes mellitus in three 
patients and diabetes type unknown in one patient). In addition, there were 19 patients (1.2%) with impaired glucose 

Table 3 Summary of AEs (Safety Population, N = 1527)

Total Number of Patients, N = 1527 Patients AEs, n Incidence Rate  
(Patient-Years = 7293.1)

n (%)

Any AE 1181 (77.3) 6667 161.93

Relationship to study drug
Not suspected 1140 (74.7) 6451 156.31

Suspected 143 (9.4) 216 19.61

Intensity
Mild 975 (63.9) 4285 133.69

Moderate 696 (45.6) 1811 95.43

Severe 218 (14.3) 373 29.89
Missing 68 (4.5) 198 9.32

Changes to rhGH treatment

Not changed 1108 (72.6) 6185 151.92
Increased 25 (1.6) 34 3.43

Reduced 70 (4.6) 111 9.60

Interrupted 81 (5.3) 130 11.11
Permanently discontinued 159 (10.4) 199 21.80

Missing 5 (0.3) 8 0.69

SAE
No 1084 (71.0) 5164 148.63

Yes 621 (40.7) 1503 85.15

SAE relationship to study drug
Not suspected 598 (39.2) 1457 82.00

Suspected 39 (2.6) 46 5.35

Most frequent drug-related AEs (reported by ≥5 patients; MedDRA preferred term)
Arthralgia 24 (1.6) - 3.29

Type 2 diabetes mellitus 17 (1.1) - 2.33
Myalgia 16 (1.0) - 2.19

Headache 15 (1.0) - 2.06

Peripheral edema 10 (0.7) - 1.37
Insulin-like growth factor decreased 7 (0.5) - 0.96

Fluid retention 5 (0.3) - 0.69

Pain in extremity 5 (0.3) - 0.69
Paresthesia 5 (0.3) - 0.69

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; n, number of patients in the analysis population; N, number of patients in the total 
population; rhGH, recombinant human growth hormone; SAE, serious adverse event; %, percentage of patients calculated as number of patients/N; -, data not reported.
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metabolism; the MedDRA PTs were: “Glucose tolerance impaired” in 11 patients (0.7%), “Impaired fasting glucose” in two 
(0.1%), “Insulin resistance” in three (0.2%), and “Hyperglycemia” in three (0.2%), respectively. All except one were classified 
as nonserious.

Malignancies were documented as MedDRA SOC “Neoplasms benign, malignant, and unspecified” and were classified as 
malignant. A total of 84 malignancies (80 primary and four secondary) were reported in 75 patients (4.9%); 71 events in 
63 patients (4.1%) were newly diagnosed (Table 5), 13 events in 13 patients (0.9%) were recurring pre-existing malignancies, 
and one event (0.1%) in one patient was a newly diagnosed and recurrence of malignancy. Four patients (0.3%) had 
malignancies (all newly diagnosed) suspected to be related to treatment: one patient with adult-onset combined GHD 
diagnosed with malignant melanoma at 72 years of age, 0.9 years after biosimilar rhGH initiation (GHD aetiology: brain 
tumor [benign pituitary macroadenoma]); one patient with adult-onset isolated GHD diagnosed with breast cancer at 60 years 
of age, 2.6 years after biosimilar rhGH initiation (GHD aetiology: malformation); one patient with childhood-onset isolated 
GHD diagnosed with ovarian cancer at 60 years of age, 1.9 years after biosimilar rhGH initiation (GHD aetiology: idiopathic); 
one patient with adult-onset combined GHD diagnosed with prostate cancer at 74 years of age, 4.3 years after biosimilar rhGH 
initiation (GHD aetiology: brain tumor [benign pituitary macroadenoma]). Among the 63 patients (4.1%) with newly 
diagnosed malignancies, 38 patients (2.5%) permanently discontinued treatment due to the malignancy and four patients 
(0.3%) died due to the malignancy. The most frequently reported newly diagnosed malignancies were basal cell carcinoma 

Table 4 Patients with Confirmed Diabetes Mellitus by GHD Type (Safety Population, N = 1527)

Category Isolated GHD 
(N = 169)

Combined GHD 
(N = 1350)

Total 
(N = 1527)

Incidencea 

(Patient-Years = 7293.1)

N (%) E N (%) E N (%) E

Any AE 3 (1.8) 3 46 (3.4) 46 49 (3.2) 49 6.72
Relationship to study drug

Not suspected 2 (1.2) 2 26 (1.9) 26 28 (1.8) 28 3.84

Suspected 1 (0.6) 1 20 (1.5) 20 21 (1.4) 21 2.88
Intensity

Mild 3 (1.8) 3 29 (2.1) 29 32 (2.1) 32 4.39

Moderate 0 (0.0) 0 15 (1.1) 15 15 (1.0) 15 2.06
Severe 0 (0.0) 0 2 (0.1) 2 2 (0.1) 2 0.27

Outcome

Resolved completely 0 (0.0) 0 1 (0.1) 1 1 (0.1) 1 0.14
Ongoing 3 (1.8) 3 45 (3.3) 45 48 (3.1) 48 6.58

Medication given

No 1 (0.6) 1 10 (0.7) 10 11 (0.7) 11 1.51
Yes 2 (1.2) 2 36 (2.7) 36 38 (2.5) 38 5.21

Changes to biosimilar rhGH

Not changed 2 (1.2) 2 43 (3.2) 43 45 (2.9) 45 6.17
Reduced 0 (0.0) 0 1 (0.1) 1 1 (0.1) 1 0.14

Permanentlydiscontinued 1 (0.6) 1 2 (0.1) 2 3 (0.2) 3 0.41

SAE
No 0 (0.0) 0 2 (0.1) 2 2 (0.1) 2 0.27

Yes 3 (1.8) 3 44 (3.3) 44 47 (3.1) 47 6.44

Pre-existing diabetes mellitus
No 2 (1.2) 2 42 (3.1) 42 44 (2.9) 44 6.03

Yes 1 (0.6) 1 4 (0.3) 4 5 (0.3) 5 0.69

Notes: No AEs were documented in the eight patients with other GHD type, which are included in the total group and incidence columns. aIncidence was 
defined as the number of patients with a respective AE per 1000 patient-years. 
Abbreviations: AE, adverse event; E, number of events; GHD, growth hormone deficiency; n, number of patients in the analysis population; N, number of 
patients in the total population; SAE, serious adverse event; %, percentage of patients calculated as number of patients/N.
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(15 events in 13 patients [0.9%]), prostate cancer (12 events in 12 patients [0.8%]), and breast cancer and malignant melanoma 
(both with five events in five patients [0.3%]).

AEs of special interest occurred in seven patients, none of which were considered related to treatment (MedDRA PT) 
and included cerebral hemorrhage (each as one event in two patients), intracranial hemorrhage, intracranial aneurysm, 
pituitary apoplexy, subarachnoid hemorrhage, and traumatic intracranial hemorrhage (each as one event in one patient).

In total, 34 deaths were recorded, none of which were suspected by the physician to be related to biosimilar rhGH 
treatment.

Safety Subgroup Analysis
Safety outcomes were compared across rhGH pre-treatment and GHD type subgroups (Table 6). Rates of AEs and 
SAEs were generally comparable between patients with isolated GHD and combined GHD in the GH-naïve and 
rhGH-pretreated groups. The incidence of suspected treatment-related AEs and SAEs were also generally 
comparable across the groups.

Table 5 Newly Occurring Malignancies Overall and by GHD Type (Safety Population, N = 1527)

Category Isolated GHD 
(n = 169)

Combined GHD 
(n = 1350)

Total 
(N = 1527)

Incidencea 

(Patient-Years = 7293.1)

N (%) E N (%) E N (%) E

Any AE 8 (4.7) 8 55 (4.1) 63 63 (4.1) 71 8.64
Relationship to study drug

Not suspected 6 (3.6) 6 53 (3.9) 61 59 (3.9) 67 8.09

Suspected 2 (1.2) 2 2 (0.1) 2 4 (0.3) 4 0.55
Intensity

Mild 1 (0.6) 1 8 (0.6) 8 9 (0.6) 9 1.23

Moderate 0 (0.0) 0 21 (1.6) 24 21 (1.4) 24 2.88
Severe 7 (4.1) 7 27 (2.0) 31 34 (2.2) 38 4.66

Outcome

Resolved completely 2 (1.2) 2 21 (1.6) 24 23 (1.5) 26 3.15
Resolved with sequelae 2 (1.2) 2 8 (0.6) 8 10 (0.7) 10 1.37

Ongoing 1 (0.6) 1 26 (1.9) 29 27 (1.8) 30 3.70

Fatal 2 (1.2) 2 2 (0.1) 2 4 (0.3) 4 0.55
Missing 1 (0.6) 1 0 (0.0) 0 1 (0.1) 1 0.14

Medication given

No 0 (0.0) 0 15 (1.1) 16 15 (1.0) 16 2.06
Yes 7 (4.1) 7 40 (3.0) 45 47 (3.1) 52 6.44

Missing 1 (0.6) 1 2 (0.1) 2 3 (0.2) 3 0.41

Changes to biosimilar rhGH
Not changed 1 (0.6) 1 22 (1.6) 25 23 (1.5) 26 3.15

Interrupted 0 (0.0) 0 4 (0.3) 5 4 (0.3) 5 0.55

Permanently discontinued 7 (4.1) 7 31 (2.3) 33 38 (2.5) 40 5.21
SAE

Yes 8 (4.7) 8 55 (4.1) 63 63 (4.1) 71 8.64
Type of malignancy

Primary 8 (4.7) 8 55 (4.1) 60 63 (4.1) 68 8.64

Secondary 0 (0.0) 0 3 (0.2) 3 3 (0.2) 3 0.41

Notes: No AEs were documented in the eight patients with other GHD type, which are included in the total group and incidence columns. aIncidence 
was defined as the number of patients with a respective AE per 1000 patient-years. 
Abbreviations: AE, adverse event; E, number of events; GHD, growth hormone deficiency; n, number of patients in the analysis population; 
N, number of patients in the total population; SAE, serious adverse event; %, percentage of patients calculated as number of patients/N.
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Effectiveness
The effectiveness population included 1386 patients: 696 were rhGH-naïve at study entry and 690 were rhGH-pretreated; 
155 patients had isolated GHD and 1226 had combined GHD (5 patients had “other” GHD type). Data for each outcome 
are shown for patients in this population with available data. In patients who were rhGH-naïve, a marked increase in 
mean (SD) IGF-1 SD score (SDS) was observed from –2.03 (1.67) at baseline to +0.28 (1.48) at 5 years (Figure 1A). An 
increase in IGF-1 SDS was also observed in previously treated patients from –0.71 (2.09) to +0.35 (1.38) (Figure 1B). 
The increase in IGF-1 SDS remained relatively stable in both sets of patients over time.

Lean body mass increased by approximately 5% compared with baseline after 1 year (n = 131); after 5 years, the increase 
was approximately 3% (n = 68). Total fat mass decreased by approximately 1% at 1 year (n = 231) compared with baseline; 
by 5 years, this decrease remained at approximately 1% (n = 108). Mean body mass index (BMI) and mean change from 
baseline remained stable up to approximately 8 years. Both naïve and pretreated patients with isolated and combined GHD 
had similar BMI values.

For patients who were rhGH-naïve on study entry, lipid profile improved over time with rhGH treatment; in part as 
a consequence of a decrease in mean (SD) total cholesterol/high-density lipoprotein cholesterol (TC/HDL) ratio over the 
study observation period, from 4.21 (1.31) at baseline to 4.11 (1.45) after 5 years (isolated GHD), and from 4.51 (1.54) at 
baseline to 3.95 (1.26) after 5 years (combined GHD). For pretreated patients, lipid profile was generally constant over 
time, with mean (SD) TC/HDL ratio reported as 3.74 (0.94) at baseline and 4.17 (1.11) after 5 years (isolated GHD), and 
from 3.94 (1.30) at baseline to 3.74 (1.19) after 5 years (combined GHD).

Table 6 Summary of AEs by Pretreatment and GHD-Type Subgroups (Safety Population, N = 1527)

Category, n (%) rhGH-naïve  
(n = 765)

rhGH-pretreated 
(n=754)

Isolated GHD 
(n = 97)

Combined GHD 
(n = 668)

Isolated GHD 
(n = 72)

Combined GHD 
(n = 682)

Any AE 79 (81.4) 501 (75.0) 55 (76.4) 542 (79.5)

Suspected as related to study drug 13 (13.4) 73 (10.9) 8 (11.1) 48 (7.0)

Any SAE 32 (33.0) 251 (37.6) 26 (36.1) 311 (45.6)
Suspected as related to study drug 0 21 (3.1) 4 (5.6) 14 (2.1)

Abbreviations: AE, adverse event; GHD, growth hormone deficiency; rhGH, recombinant human growth hormone; SAE, serious adverse 
event; %, percentage of patients calculated as number of patients/patients in the isolated GHD or combined GHD subgroups.
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Figure 1 IGF-1 SDS over time in (A) rhGH-naïve patients and (B) pretreated patients (full effectiveness population, N = 1386). Data shown are mean ± SD. 
Abbreviations: IGF-1, insulin-like growth factor-1; rhGH, recombinant human growth hormone; SD, standard deviation; SDS, standard deviation score.
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Quality of Life Subgroup Analysis
QoL data are reported for the UK, where the QoL tool recommended in National Institute for Health and Care Excellence 
(NICE) guidance is typically used in routine clinical practice. Changes in QoL from the previous assessment are shown 
in Figure 2. Within the first year of treatment, 38.1% of the 189 evaluable rhGH-naïve patients had a documented 
improvement in QoL and 3.7% had no improvement. This trend continued for the duration of the study, with more 
patients reporting an improvement than a worsening of QoL at most time points.

Discussion
The PATRO Adults post-marketing surveillance study provides data on the long-term safety and effectiveness of 
biosimilar rhGH treatment in adult patients with GHD treated in routine clinical practice. Based on the analysis of 
final data from this study, there were no unexpected safety signals, and treatment with biosimilar rhGH was effective in 
both rhGH-naïve and pretreated patients. These findings align with those from the concurrent PATRO Children study, 
which was conducted in pediatric patients treated with biosimilar rhGH.13

In the analysis of final data, there were 44 cases of new-onset diabetes mellitus and five cases of worsening or 
inadequately controlled pre-existing diabetes mellitus. Previous analyses of data from PATRO Adults (data cutoff 
July 2018) found no evidence of an increased risk of diabetes mellitus and glucose metabolism disorders with biosimilar 
rhGH, with newly diagnosed diabetes mellitus observed in 15 patients (incidence rate of 3.61 per 1000 patient-years).7 In 
the analysis reported here, newly diagnosed diabetes mellitus was observed in 44 patients (incidence rate of 6.03 per 1000 
patient-years). The observed increase over time in the number of new cases of diabetes mellitus in PATRO Adults aligns 
with the increase in non–insulin-dependent diabetes mellitus observed with increasing age.14 These findings are consistent 
with findings for other rhGH treatments, showing no evidence of an increased risk of diabetes mellitus with rhGH in adult 
patients. In the Global HypoCCS surveillance study including adult patients with GHD treated with rhGH Humatrope® (Eli 
Lilly and Co., Indianapolis, Indiana, USA), the incidence of diabetes mellitus was 7.0 per 1000 patient-years in Europe.15 In 
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Figure 2 Quality-of-life change from previous assessment within the first year for rhGH-naïve patients in the UK (effectiveness population subgroup, N = 189). 
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an analysis of the non-interventional NordiNet® study in non-diabetic patients with adulthood-onset GHD, treatment with 
rhGH Norditropin® (Novo Nordisk, Plainsboro, New Jersey, USA) did not have an adverse impact on glucose homeostasis 
in most patients.16 Reported cases of diabetes mellitus in the PATRO Adults study were similar to, or possibly lower than, 
what would be expected in the enrolled population based on their demographic characteristics (60% of patients were aged 
≥45 years) and presence of other risk factors (eg, BMI >30 kg/m2, GH pretreatment). Analysis of data from large-scale 
registry studies of patients receiving GH replacement therapy concluded that the incidence of diabetes mellitus may be 
slightly increased only in patients with pre-existing risk factors for diabetes mellitus, rather than due to changes resulting 
from rhGH therapy.17

A total of 84 malignancies were reported during the study, of which 71 events in 63 patients were newly diagnosed 
(incidence rate 8.64 per 1000 patient-years), with the most frequently reported newly diagnosed malignancies basal cell 
carcinoma, prostate cancer, breast cancer, and malignant melanoma. This aligns with previously reported data on the 
occurrence of on-study malignancies in PATRO Adults (data from July 2018); in this analysis, there were 41 malig
nancies reported in 33 patients (incidence rate 7.94 per 1000 patient-years).8 Overall, data from PATRO Adults suggest 
that biosimilar rhGH does not increase the risk of malignancies in adults with GHD, although there may be an increased 
risk of second malignancies in patients with a history of cancer. These findings are consistent with those in previously 
published data on the risk of malignancies in adult GHD patients receiving GH replacement therapy.17,18

The current analysis of the efficacy of biosimilar rhGH suggests improvements in body composition (lean body 
mass), blood lipid profile (TC/HDL ratio), and QoL in patients who were rhGH-naïve at study entry, consistent with the 
interim analysis from PATRO Adults9 and previously reported benefits of rhGH therapy in adult patients.2,19 This was 
supported by results of the subgroup analysis. However, information on concomitant medication with cholesterol- 
lowering medication was not available. In addition, the heterogeneity of the underlying pituitary disease and treatments 
of other pituitary deficiencies may have affected the results.

The PATRO Adults study has several limitations that are common to all observational or registry studies. These include 
the potential for selection bias through inclusion of selected clinics (and enrollment of patients from these clinics), and 
information bias from incorrect recording when study data were collected during routine clinical practice (ie, no regular visit 
schedule), and perhaps using different techniques to measure the same parameter. Also, AEs may have been under-reported 
because of the extended time periods (6–12 months) between patient visits and restricted consultation time during visits. In 
addition, the relatively small sample size for rare events such as neoplasms is also a potential limitation, hindering the 
interpretation of certain data, while useful information may have been missed because of how the eCRF was set up.

Conclusions
This analysis of the final global data from PATRO Adults indicates that biosimilar rhGH (Omnitrope) is not associated 
with any unexpected safety signals and is effective in adults with GHD treated in real-world clinical practice, in line with 
previous interim analyses, and extends the global safety of biosimilar rhGH across a large diverse patient population. 
This adds to the growing clinical experience with biosimilar rhGH and other approved biosimilars in other indications, 
offering reassurance that these agents are as effective as, and have safety profiles in line with, other medications in the 
therapeutic class. Ultimately, these findings provide the opportunity to transform healthcare by expanding access to new 
and innovative treatments.

Abbreviations
AE, adverse event; BMI, body mass index; eCRF, electronic case report form; GH, growth hormone; GHD, growth 
hormone deficiency; HDL, high-density lipoprotein; IGF-1, insulin-like growth factor-1; MedDRA, Medical Dictionary 
for Regulatory Activities; NICE, National Institute for Health and Care Excellence; PR, preferred term; QoL, quality of 
life; rhGH, recombinant human growth hormone; SAE, serious adverse event; SD, standard deviation; SDS, standard 
deviation score; SOC, system organ class; TC, total cholesterol.
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Ethics Approval and Informed Consent
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with national laws and regulations. The full details of all ethics review committees can be found in Supplementary 
Table 1. The study was conducted according to the ethical principles of the Declaration of Helsinki (1964) and its later 
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