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Purpose: Omnitrope®™ (somatropin) was approved as a biosimilar recombinant human growth hormone (rhGH) in 2006. Here, we
report final data from the PAtients TReated with Omnitrope®™ (PATRO) Children study, a post-marketing surveillance study designed to
monitor the long-term safety and effectiveness of this treatment in pediatric patients.

Methods: The study population included all pediatric patients treated with Omnitrope®™ (biosimilar thGH), administered via daily injection,
in routine clinical practice. The primary objective was to assess long-term safety, with effectiveness assessed as a secondary objective.
Results: In total, 7359 patients were enrolled and treated in the PATRO Children study; 86.0% were treatment-naive at baseline.
Growth hormone deficiency was the most frequent indication (57.9%), followed by patients born small for gestational age (SGA;
26.6%). The mean (SD) duration of exposure to biosimilar thGH was 3.66 years (2.39). A total of 16,628 adverse events (AEs) were
reported in 3981 (54.1%) patients, most of which were mild/moderate. AEs suspected to be treatment related occurred in 8.3% of
patients, most frequently headache (1.6%), injection-site pain (1.1%), or injection-site hematoma (1.1%). The incidence rate (IR) of
type 2 diabetes mellitus was 0.11 per 1000 person-years (PY) across all patients, and 0.13 per 1000 PY in patients born SGA. The IR
of newly diagnosed primary malignancies was 0.22 per 1000 PY across all patients. In the 6589 patients included in the effectiveness
population, a sustained catch-up growth was observed across all indications. After 5 years of treatment, height SDS increased from
baseline by a median (range) of +1.79 (-3.7 to 6.2) in treatment-naive patients and +0.73 (-1.4 to 3.7) in pretreated patients.
Conclusion: This final analysis of the PATRO Children study indicates that biosimilar rhGH is well tolerated and effective in real-
world clinical practice. These data are consistent with the well-characterized safety profile of thGH treatment in pediatric patients.

Plain Language Summary:
Why was the study done?

® [Injections of growth hormone medicine can be used to increase height velocity in children with growth disorders.
® [t is important to monitor the safety of long-term growth hormone treatment, especially regarding the risk of cancer and diabetes.

What did the researchers do?

® PATRO Children was a study designed to look at the safety of using a growth hormone medicine for long periods of time.
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® This study included children with several different growth disorders who were treated with a growth hormone medicine called
Omnitrope®, which is administered via daily injections, and followed them throughout their treatment.
® The researchers aimed to evaluate the risk of specific safety concerns in these patients, including cancer and diabetes.

What did the researchers find?

e A total of 7359 patients were enrolled from 304 sites around the world.

® Overall, 8.3% of patients had an adverse reaction that was considered to be related to growth hormone treatment.

® The most common adverse reaction considered related to growth hormone was headache, which occurred in 1.6% of patients.

® 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, and in the general population.

What do the findings mean?
The adverse reactions seen in this study were consistent with the well-characterized safety profile of growth hormone treatment in
pediatric patients. This supports previous studies showing growth hormone treatment is not associated with an increased risk of cancer

or diabetes in children.

Keywords: Omnitrope, PATRO Children, growth hormone, pediatrics, growth hormone deficiency, small for gestational age

Introduction

Recombinant human growth hormone (thGH) replacement therapy has been used in children with growth hormone deficiency
(GHD) since the 1950s, and has been shown to stimulate linear growth and increase growth rate.'* thGH was first approved in
1985 for children with GHD, and since then, an accumulation of evidence has helped establish the efficacy, effectiveness, and
safety of this therapy in this population.® thGH treatment has also been approved to treat children with other growth disorders,
including short children born small for gestational age (SGA), Turner syndrome (TS), children with idiopathic short stature
(ISS), Prader-Willi syndrome (PWS), chronic renal insufficiency (CRI), and Noonan syndrome.**

Following development that began in 1996, Omnitrope® (somatropin, Sandoz GmbH, Kundl, Austria; henceforth
referred to as “biosimilar thGH”) was the first biosimilar to be approved by the European Medicines Agency (EMA) in
2006. Approval was granted on the basis that the biosimilar thGH matches the reference medicine (Genotropin®
[somatropin], Pfizer Limited, Sandwich, United Kingdom) in terms of safety, efficacy, and quality.” Biosimilar thGH
is administered via daily subcutaneous injections.’

To support and complement the efficacy and safety profile of biosimilar thGH in infants, children, and adolescents
demonstrated in clinical studies, the PAtients TReated with Omnitrope®™ (PATRO) Children study was initiated to provide
real-world safety and efficacy data for biosimilar rhGH in pediatric patients.®” PATRO Children is an observational,
multicenter, international, longitudinal study conducted as part of the risk management plan for biosimilar rhGH. Interim
data from this study have been consistent with those seen in clinical studies, and suggest biosimilar thGH is well
tolerated and effective in real-world clinical practice.® '° Here, we present the final analysis of the PATRO Children
safety and effectiveness data of biosimilar rhGH treatment. This analysis followed agreement from the EMA to close this
study based on the wealth of evidence accumulated to date with biosimilar rhGH, with a final database lock in July 2020.

Materials and Methods

The design of the study has been described previously in detail.® Eligible patients were male or female infants, children, or
adolescents receiving biosimilar hGH whose parents/carers provided informed consent. Patients who had received treatment
with another thGH product before starting biosimilar thGH therapy were also eligible for inclusion; these patients were
described as “pretreated”. The patients who had not received treatment with another thGH product before starting biosimilar
thGH therapy were described as “treatment-naive”. Decisions to prescribe biosimilar thGH were at the discretion of the
treating physician and independent of participation in this study. The frequency of visits was at the discretion of the treating
physician, with no specific tests or assessments required as part of the study. All adverse events (AEs), including serious AEs
(SAEs) were monitored and recorded for the complete duration of biosimilar rhGH treatment. Particular emphasis was placed
on long-term safety; diabetogenic risk; risk of malignancies; treatment-related AEs that are unexpected and/or unique to
patients with PWS; and the occurrence and potential clinical impact of anti-thGH antibodies. Long-term effectiveness
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outcomes were assessed as a secondary objective, including height standard deviation score (SDS) and height velocity SDS,
derived from country-specific reference tables from the general population.'' All assessments and laboratory tests were carried
out locally, except anti-thGH assessments, which could be assessed locally (all countries) or in a central laboratory upon
request from the treating physician (Germany, Sweden, and Taiwan only).

Data Collection and Study Populations

Data collection started in September 2007. Patient data were entered into an electronic case report form (eCRF) at each
routine visit and subsequently into a web-based electronic data collection system. eCRFs were reviewed by a data
management team and centralized monitoring was performed by a contract research organization. The safety population
consisted of all patients who received at least one dose of biosimilar rhGH. Patients for whom neither a visit date nor
a start date of biosimilar rhGH treatment had been documented, were not included. The effectiveness population was
a subset of the safety set, and consisted of all patients with a documented height measurement at baseline visit (start of
biosimilar thGH treatment) and at least one dated height measurement under biosimilar thGH treatment. Data from
patients who discontinued treatment before reaching adult height were retained and included in all analyses.

Results

Patient Characteristics

In this assessment (final database lock July 23, 2020), 7359 patients from 304 sites in 15 countries had been enrolled into
the PATRO Children study (Figure 1). These patients made up the safety population. GHD was the most frequent
indication (57.9% of patients), followed by patients born SGA (26.6% of patients). Most (86%) patients were treatment-
naive at baseline, and 1161 (15.8%) patients were pubertal at baseline. Characteristics of enrolled patients are shown in
Table 1.

Austria: 0.3%
Taiwan: 0.3%
Poland: 0.7%
Unknown: 0.0%* Spain: 1.1%
Canada: 1.4% \

Sweden: 2.0% —,

Czech Republic: 2.4%

UK:

3.5%
USA:
4.0%

CRI: 1.0%

Slovenia: 0.2%
/_Australia: 0.0%**

Other: 3.1%

PWS: 3.2%
ISS: 3.3%

TS:4.9%

Italy: 5.1%

SGA: 26.6% GHD: 57.9% Romania: 13.5% Germany: 41.5%

France: 24.1%

Figure | Patient enrollment (%) by indication and country.

Notes: *n = |; **n = 2.

Abbreviations: CRI, chronic renal insufficiency; GHD, growth hormone deficiency; ISS, idiopathic short stature; PWS, Prader-Willi syndrome; SGA, small for gestational
age; TS, Turner syndrome; UK, United Kingdom; USA, United States.

Drug Design, Development and Therapy 2024:18 https: 669

Dove:


https://www.dovepress.com
https://www.dovepress.com

Loche et al Dove

Table | Patient Characteristics at Baseline

n (% of Total) Male/ Pubertal, | Treatment- | Chronological BMI SDS,” Height SDS,” Biosimilar

Female Male/ Naive/ Age, Years Treatment- Treatment- rhGH Dose

(%) Female Pretreated (MeantSD)?* Naive/ Naive/ at Baseline,

(%) (%) Pretreated Pretreated mg/kg/day

(MeantSD)
GHD 4260 (57.9) 67.0/33.0 17.9/17.4 85.9/13.9 9.37+3.77 —-0.23/-0.12 —2.55/-1.40 0.0301+0.0085
SGA 1958 (26.6) 53.8/46.2 10.2/15.9 87.2/12.4 7.81+3.37 —0.85/-0.34 -2.91/-1.64 0.0353+0.0097
TS 363 (4.9) 0.3/99.7 100/9.9 81.8/18.2 8.48+4.15 0.19/0.79 -3.01/-1.78 0.0391+0.0105
ISS 243 (3.3) 56.4/43.6 | 27.0/22.6 84.4/15.6 9.85+3.41 —0.52/-0.20 —2.90/-1.64 0.0373+0.0132
PWS 235 (3.2) 49.8/50.2 4.3/4.2 86.4/13.6 2.85+3.08 —0.18/1.64 -2.01/-0.18 0.0235+0.0091
CRI 74 (1.0) 68.9/31.1 15.7/13.0 87.8/12.2 7.7314.82 —-0.11/0.34 -3.07/-1.54 0.0387+0.0133
Other 225 (3.0) 60.4/39.6 13.2/20.2 84.4/14.7 8.69+3.85 —-0.32/-0.06 -2.72/-1.84 0.0361+0.0119
Total® 7359 (100) 59.1/40.9 15.8/15.8 86.0/13.8 8.67+3.88 —0.39/-0.06 —2.67/-1.47 0.0323+0.0099

Notes: “Treatment-naive patients; ®BMI SDS and height SDS derived from height and weight measurements and country-specific reference tables from the general
population;'" “Includes one additional patient of “Unknown” indication.

Abbreviations: BMI, body mass index; CRI, chronic renal insufficiency; GHD, growth hormone deficiency; ISS, idiopathic short stature; PWS, Prader-Willi syndrome;
rhGH, recombinant human growth hormone; SD, standard deviation; SDS, standard deviation score; SGA, small for gestational age; TS, Turner syndrome.

Biosimilar rhGH Treatment

Mean (standard deviation [SD]) baseline doses for each indication are shown in Table 1. The mean (SD) duration
of exposure to biosimilar thGH was 3.66 (2.39) years. The mean (SD) duration of exposure for each indication in
years was: GHD 3.56 (2.32), TS 3.54 (2.38), CRI 2.77 (2.08), SGA 3.86 (2.47), PWS 4.97 (2.86), ISS 3.22
(1.94), other 3.66 (2.32). Overall, the study collected data from 26,957 person-years (PY) of treatment

experience.

Treatment Discontinuation

Primary reasons for treatment discontinuation are shown in Table 2. In patients who discontinued prior to study
closure, the most frequent primary reason for discontinuation was having reached adult height or due to bone age
maturity (n = 891; 12.1%). Lost to follow-up (n = 593; 8.1%), site closure (n = 591; 8.0%), and patient reached near-
adult height (n = 589; 8.0%) were the next most frequent primary reasons for discontinuation. Discontinuation due to
AEs was the primary reason for discontinuation in 140 (1.9%) patients.

Adverse Events

A summary of reported AEs and SAEs is shown in Table 3. A total of 16,628 AEs were reported in 3981 (54.1%)
patients (147.68 per 1000 PY) and 2063 SAEs in 1074 (14.6%) of patients (incidence rate [IR]: 39.84 per 1000 PY).
Most AEs were mild or moderate and were resolved completely in 80.7% of patients (n = 3213/3981), and without any
change to biosimilar rhGH dose in 95.6% of patients (n = 3808/3981). A similar trend was seen with SAEs, which
resolved completely in 74.8% of patients (n = 803/1074), and without any change to biosimilar thGH dose in 92.2% of
patients (n = 990/1074). AEs suspected to be related to biosimilar rhGH occurred in 614 patients (8.3%; n = 835 events;
IR: 22.78 per 1000 PY). The most frequent AEs with a suspected relationship to biosimilar rhGH were headache (1.6%
of patients), injection-site pain (1.1% of patients), injection-site hematoma (1.1% of patients), and arthralgia (0.6% of
patients). SAEs suspected to be related to biosimilar thGH occurred in 84 patients (1.1%; n = 113 events; IR: 3.12 per
1000 PY). The most frequent SAEs with a suspected relationship to biosimilar thGH were hypothyroidism (0.2% of
patients) and sleep apnea syndrome (0.1% of patients).
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Table 2 Reasons for Treatment Discontinuation

Primary Reason for Discontinuation, n (%) Indication
Total GHD SGA TS ISS PWS CRI Other

n = 7359* n = 4260 n= 1958 n =363 n =243 n =235 n=74 n =225
Sponsor requested documentation stop 2987 (40.6) 1590 (37.3) 885 (45.2) 157 (43.3) 79 (32.5) 155 (66.0) 23 (31.1) 97 (43.1)
Patient reached adult height or bone age maturity 891 (12.1) 556 (13.1) 218 (11.1) 52 (14.3) 24 (9.9) 14 (6.0) I (1.4) 26 (11.6)
Lost to follow-up 593 (8.1) 373 (8.8) 139 (7.1) 13 (3.6) 26 (10.7) 17 (7.2) 9(12.2) 16 (7.1)
Site closure 591 (8.0) 375 (8.8) 125 (6.4) 28 (7.7) 14 (5.8) 20 (8.5) 7 (9.5) 22 (9.8)
Reached near-adult height 589 (8.0) 336 (7.9) 184 (9.4) 37 (10.2) 14 (5.8) 2 (0.9) 4 (5.4) 12 (5.3)
Patient does not wish to continue injections 359 (4.9) 216 (5.1) 102 (5.2) 11 (3.0) 17 (7.0) 1 (0.4) 3 4.1) 9 (4.0
Switch to other rhGH product 212 (2.9) 138 (3.2) 23 (1.2) 10 (2.8) 27 (11.1) 6 (2.9) 2 (2.7) 6 (2.7)
Patient satisfied with current height 173 (2.4) 127 (3.0) 28 (1.4) 5(1.4) 8 (3.3) - 1 (1.4) 4 (1.8)
Patient reached 18 years old 172 (2.3) 130 (3.1) 19 (1.0) 12 (3.3) 6 (2.5) - - 5(22)
AE® 140 (1.9) 65 (1.5) 53 (2.7) 10 (2.8) 4 (1.6) 5@2.1) 2 (27) | (0.4)
Non-responder 134 (1.8) 51 (1.2) 53 (2.7) 8 (2.2) 9 (3.7) | (0.4) 2 (27) 10 (4.4)
Patient non-compliant 93 (1.3) 54 (1.3) 28 (1.4) 2 (0.6) 2 (0.8) 4 (1.7) - 3(1.3)
Physician decision 89 (1.2) 48 (1.1) 22 (1.1) 3 (0.8) 4 (1.6) 2 (0.9) 4 (54) 6 (2.7)
Indication for biosimilar rhGH no longer applicable 73 (1.0) 42 (1.0) 12 (0.6) 2 (0.6) 2 (0.8) - 14 (18.9) | (0.4)
Change of hospital 71 (1.0) 41 (1.0) 16 (0.8) 3(0.8) 3(1.2) 5@2.l) 2 (2.7) | (0.4)
Patient relocated 70 (1.0) 42 (1.0 23 (1.2) 4 (1.1) - - - | (0.4)
Referral to adult endocrinologist 53 (0.7) 47 (1.1) - - - 2 (0.9) - 4 (1.8)
Parent decision 24 (0.3) 7 (0.2) 14 (0.7) 2 (0.6) - | (0.4) - -

(Continued)
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Table 2 (Continued).

Primary Reason for Discontinuation, n (%) Indication
Total GHD SGA TS ISS PWS CRI Other
n = 7359* n = 4260 n= 1958 n =363 n =243 n =235 n=74 n =225
Insurance reasons 14 (0.2) 7 (0.2) 3(0.2) 1 (0.3) 3(1.2) - - -
Withdrawal of informed consent 9 (0.1) 6 (0.1) 2 (0.1) 1 (0.3) - - - -
Height velocity slowdown (<I cm/year) 6 (0.1) 4 (0.1) - 2 (0.6) - - - -
Patient decision 6 (0.1) 1 (0.0) 4(0.2) - - - - | (0.4)
SAGHhE study alert 5(0.1) 1 (0.0) 4(0.2) - - - - -
Unknown 3 (0.0 1 (0.0) I (0.1) - | (0.4) - - -
End of follow-up after treatment discontinuation 2 (0.0) 2 (0.0) - - - - - -

Notes: Primary reason for discontinuation considering re-categorization of “Other” category by indication (SAF, N = 7359). *Includes one additional patient of “Unknown” indication; ®Discontinuation due to AEs was documented
following re-categorization of “Other” reasons (not as primary reason) for four further patients; in three of these patients, the AE was already provided as the primary reason for discontinuation. %, percentage of patients, calculated

as n/patients per indication; —, indicates no patients in category.

Abbreviations: AE, adverse event; CRI, chronic renal insufficiency; GHD, growth hormone deficiency; ISS, idiopathic short stature; PWS, Prader-Willi syndrome; rhGH, recombinant human growth hormone; SAF, safety analysis set;

SAGHhE, Safety and Appropriateness of Growth hormone treatments in Europe; SGA, small for gestational age; TS, Turner syndrome.
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Table 3 Summary of AEs and SAEs

AEs SAEs

Patients, n (%) | Total Events | Patients, n (%) | Total Events

Any 3981 (54.1) 16,628 1074 (14.6) 2063

Relationship to study drug

Suspected 614 (8.3) 835 84 (I.1) 113
Not suspected 3850 (52.3) 15,792 1017 (13.8) 1950
Not assessable 1* (0.0) | - -
Intensity

Mild 3121 (42.4) 9499 449 (6.1) 604
Moderate 1756 (23.9) 4297 530 (7.2) 886
Severe 353 (4.8) 570 219 (3.0 365
Missing 718 (9.8) 2262 129 (1.8) 208
Outcome

Resolved completely 3213 (43.7) 10,918 803 (10.9) 1505
Resolved with sequelae 122 (1.7) 188 44 (0.6) 74
Ongoing 2434 (33.1) 5182 373 (5.1) 471
Fatal 6 (0.1) 8 6 (0.1) 8
Missing 194 (2.6) 332 5(0.1) 5

Medication given

No 3337 (45.3) 9957 501 (6.8) 711
Yes 2210 (30.0) 5182 658 (8.9) 1195
Missing 750 (10.2) 1489 118 (1.6) 157

Changes to biosimilar rhGH dose

Not changed 3808 (51.7) 15,549 990 (13.5) 1887
Increased 148 (2.0) 259 16 (0.2) 17
Reduced 83 (I.1) 96 8 (0.1) 8
Interrupted 197 (2.7) 259 70 (1.0) 94
Permanently discontinued 141 (1.9) 172 38 (0.5) 47
Missing 147 (2.0) 293 4 (0.1) 10

Notes: Relationship to rhGH based on worst-case assessment of physician and sponsor, unless otherwise noted. *Patient
had a non-serious ear infection of mild intensity that resolved completely. —, indicates no patients in category.
Abbreviations: AE, adverse event; rhGH, recombinant human growth hormone; SAE, serious adverse event.

In the 235 patients with PWS, AEs suspected to be related to biosimilar thGH occurred in 39 patients (16.6%; n = 56 events;
IR: 33.38 per 1000 PY). All were expected AEs in children with PWS; there were no unexpected or unique AEs in these patients.
The most frequent AEs with a suspected relationship to biosimilar rhGH in patients with PWS were sleep apnea syndrome (6.4%
of patients), tonsillar hypertrophy (2.1% of patients), and adenoidal hypertrophy (1.7% of patients). SAEs suspected to be related
to biosimilar thGH occurred in 22 patients with PWS (9.4%; n = 34 events; IR: 18.83 per 1000 PY). The most frequent SAEs
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with a suspected relationship to biosimilar thGH in patients with PWS were sleep apnea syndrome (n = 11), adenoidal
hypertrophy (n = 4), and tonsillar hypertrophy (n = 4).

AEs of Interest Possibly Related to Biosimilar rhGH Treatment

A summary of reported new cases of the development of type 1 and 2 diabetes mellitus (T1D, T2D), along with new and
pre-existing malignancies, is shown in Table 4. T1D was diagnosed in three patients, all born SGA, and in one of these
patients was reported to be suspected as related to biosimilar thGH treatment. T2D was diagnosed in three patients: one
patient with GHD (suspected as related to biosimilar thGH treatment), one patient born SGA (not suspected as related to
biosimilar thGH treatment), and one patient with PWS (suspected as related to biosimilar thGH treatment). The IRs for

Table 4 Summary of Occurrence of TID, T2D, and Malignancies

Indication | Gender Time to Treatment Details Relationship to
Onset, Year Status at Biosimilar
(Days) Baseline rhGH
New cases of T2D GHD Male 0.6 (213) Treatment-naive T2D Suspected
SGA Female 1.8 (663) Treatment-naive T2D Not suspected
PWS Male 6.4 (2324) Pretreated T2D Suspected

Overall IR for developing T2D across all indications: 0.11 per 1000 PY*

New cases of TID SGA Male 1.4 (527) Pretreated TID Not suspected”
SGA Female 1.9 (691) Treatment-naive TID Not suspected
SGA Female 0.8 (301) Treatment-naive TID Suspected

Overall IR for developing TID across all indications: 0.11 per 1000 PY*

Newly diagnosed TS Female 3.2 (1151) Treatment-naive Malignant astrocytoma Not suspected®

malignancies (primary)

Neoplasm progression
(primary)

GHD Male® 3.2 (1161) Treatment-naive Papillary thyroid cancer Not suspected
(second primary)

GHD Female® Not recorded | Treatment-naive Neuroendocrine tumor Not suspected

(primary)

Metastases to liver
(secondary)

Metastases to peritoneum

(secondary)
GHD Female 2.3 (833) Treatment-naive | Acute lymphocytic leukemia Not suspected
(primary)
GHD Male 1.4 (512) Treatment-naive Neuroblastoma (primary) Not suspected
GHD Female 1.2 (440) Pretreated Myelodysplastic syndrome Not suspected
(primary)
GHD Male 1.5 (554) Treatment-naive | Testicular germ cell cancer Not suspected
(primary)
(Continued)
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Table 4 (Continued).

Overall IR of newly diagnosed malignancies

Progression or recurrence

of pre-existing malignancies

Indication | Gender Time to Treatment Details Relationship to
Onset, Year Status at Biosimilar
(Days) Baseline rhGH
across all indications: 0.26 per 1000 PY*
GHD Male 0.1 (23) Treatment-naive Progression of LCH Not suspected
GHD Female 2.3 (852) Treatment-naive Progression of pilomyxoid Suspected
astrocytoma
GHD Female 3.0 (1113) Treatment-naive Progressive thickness of Suspected
pituitary stalk (CNS
germinoma)
GHD Male 2.6 (963) Treatment-naive Recurrence of anaplastic Not suspected
astrocytoma
GHD Female 2.6 (960) Treatment-naive Recurrence of Not suspected
medulloblastoma
GHD Female® 0.5 (198) Treatment-naive Progression of papillary Not suspected
tumor of pineal gland
GHD Male 0.1 (26) Treatment-naive Progression of pilocytic Not suspected
astrocytoma

Overall IR of recurrence of a pre-existing malignancy across all indications in treatment-naive patients: 0.26 per 1000 PY®.

Notes: Relationship to rhGH based on worst-case assessment of physician and sponsor, unless otherwise noted. *Safety set; bPhysi::ian assessment, sponsor could not assess the
relationship; “Malignancy reported in medical history (only noted for patients with newly diagnosed malignancies); “Patient experienced a second neoplasm progression at study Day 524,
which was thought to be due to tissue necrosis from radiosurgery, rather than an increase in the actual tumor.
Abbreviations: CNS, central nervous system; GHD, growth hormone deficiency; IR, incidence rate; LCH, Langerhans cell histiocytosis; PWS, Prader-Willi syndrome;
PY, person-years; rhGH, recombinant human growth hormone; SGA, small for gestational age; T1D, type | diabetes mellitus; T2D, type 2 diabetes mellitus; TS, Turner

syndrome.

Table 5 Incidence of Glucose Metabolism Disorders

Total GHD TS (n = 363) SGA PWS ISS (n = 234) Other
(N = 7359) (n = 4260) 1285.0 PY (n = 1958) (n = 235) 782.0 PY (n = 225)
26,957.0 PY 15,144.4 PY n (%) 7548.7 PY 1168.5 PY n (%) 823.4 PY
n (%) n (%) Incidence n (%) n (%) Incidence n (%)
Incidence Incidence Incidence Incidence Incidence
Any 8l (I.1) 36 (0.8) 8 (2.2) 26 (1.3) 7 (3.0 3(1.2) 1 (0.4)
3.00 238 6.23 3.44 5.99 3.84 1.21
Insulin resistance 37 (0.5) 15 (0.4) 3 (0.8) 14 (0.7) 2 (0.9) 2 (0.8) 1 (0.4)
1.37 0.99 2.33 1.85 1.71 2.56 1.21
Glucose tolerance 24 (0.3) 10 (0.2) 4 (1.1) 7 (0.4) 3 (1.3) - -
impaired
0.89 0.66 3.1 0.93 2.57
Hyperglycemia 13 (0.2) 7 (0.2) 1 (0.3) 3 (0.2) 2 (0.9) - -
0.48 0.46 0.78 0.40 1.71
(Continued)
Drug Design, Development and Therapy 2024:18 htps: 675

Dove!


https://www.dovepress.com
https://www.dovepress.com

Loche et al

Dove

Table 5 (Continued).

Total GHD TS (n = 363) SGA PWS ISS (n = 234) Other
(N =7359)* (n = 4260) 1285.0 PY (n = 1958) (n = 235) 782.0 PY (n = 225)
26,957.0 PY 15,144.4 PY n (%) 7548.7 PY 1168.5 PY n (%) 823.4 PY
n (%) n (%) Incidence n (%) n (%) Incidence n (%)
Incidence Incidence Incidence Incidence Incidence
Impaired fasting 5(0.1) 3 (0.1) - I (0.1) - 1 (0.4) -
glucose
0.19 0.20 0.13 1.28
Metabolic 2 (0.0) | (0.0) - I (0.1) - - -
syndrome
0.07 0.07 0.13

Notes: Incidence was calculated per 1000 PY. ®Includes 74 additional patients with CRI and one additional patient of “Unknown” indication; there were no patients with
glucose metabolism disorders in either of these categories. —, indicates no patients with this preferred term.

Abbreviations: CRI, chronic renal insufficiency; GHD, growth hormone deficiency; ISS, idiopathic short stature; PWS, Prader-Willi syndrome; PY, person-years; SGA, small
for gestational age; TS, Turner syndrome.

developing T1D or T2D across all indications was 0.11 per 1000 PY (same IR for both T1D and T2D). The IR for
developing T2D was 0.13 per 1000 PY in patients born SGA and 0.86 per 1000 PY in patients with PWS. A small
proportion of patients developed glucose metabolism disorders: 82 events in 81 (1.10%) patients with an IR of 3.00 per
1000 PY across all indications (Table 5).

A total of 10 new malignancies were diagnosed in seven patients during the study (GHD, n = 6; TS, n = 1; Table 4). No
relationship with biosimilar rhGH treatment was suspected for any of these malignancies. One further patient experienced
a benign pituitary tumor and a pineal gland cyst; it was unknow if the newly occurring neoplasm was malignant. One patient
with TS had two events of new primary malignancies: a malignant astrocytoma, followed by neoplasm progression in the
fourth year after biosimilar thGH treatment. One patient with GHD experienced three events of new malignancies:
neuroendocrine tumor, followed by two secondary malignancies (metastases to the liver and peritoneum). One patient with
GHD and history of medulloblastoma and radiation treatment developed papillary thyroid cancer, which was regarded as
a second primary malignancy. Newly diagnosed primary malignancies, each reported in a single patient with GHD, included
acute lymphocytic leukemia, neuroblastoma, myelodysplastic syndrome, and testicular germ cell cancer. The IR of newly
diagnosed malignancies was 0.26 per 1000 PY across all indications. The IR of newly diagnosed primary malignancies was
0.22 per 1000 PY across all indications.

Nine malignancies in seven (0.095%) patients (all with GHD and treatment-naive) were considered recurrences or
progressions of pre-existing malignancies that occurred during this study period (Table 4). Recurrences or progressions of pre-
existing malignancies were suspected to be related to biosimilar rhGH treatment in two patients: one patient experienced
progression of a pilomyxoid astrocytoma 2.3 years after the start of biosimilar thGH treatment that resolved with sequelae, and
one patient with a history of pituitary enlargement (thickness of pituitary stalk) was diagnosed with a central nervous system
(CNS) germinoma (progressive thickness of pituitary stalk) 3 years after the start of biosimilar thGH treatment. The IR was
0.26 per 1000 PY for patients who had recurrences or progression of a pre-existing malignancy and were treatment-naive.

In total, six (0.1%) patients with GHD died during this study. None of these deaths were considered to be related to
biosimilar thGH treatment (Table 6).

AEs Leading to Discontinuation

AEs leading to discontinuation were documented in 141 (1.9%) patients. Two additional patients discontinued the study
due to an AE, but the respective AE was not documented. In 76 patients (53.9% of those who discontinued therapy), the
AE leading to discontinuation was considered as related to biosimilar thGH treatment. Of these AEs, the most frequent
were no response to treatment (15 patients), injection-site pain (nine patients), and headache (six patients).
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Table 6 Summary of Deaths Across All Indications

Indication Cause of Death (Preferred Term) Relationship to Biosimilar
rhGH Treatment

GHD Neuroendocrine tumor metastases to Not suspected
the liver and peritoneum

GHD Status epilepticus Not suspected
GHD Cardiorespiratory arrest Not suspected
GHD Cystic fibrosis Not suspected
GHD Pneumonia Not suspected
GHD Cardiac failure Not suspected

Abbreviations: GHD, growth hormone deficiency; rhGH, recombinant human growth hormone.

AEs of Special Interest

AEs of special interest were documented in three patients: cerebral hemorrhage (one patient with GHD), intracranial
aneurysm (one patient with GHD), subarachnoid hemorrhage and intraventricular hemorrhage (two AEs, both reported in
one patient with TS); all were considered as not related to biosimilar rhGH treatment.

Insulin-Like Growth Factor | Values

Insulin-like growth factor I (IGF-I) values were categorized as below, within, or above normal range, according to the local
laboratory reference ranges. In all treatment-naive patients with available data, 67.3% of patients had IGF-I levels within
normal range at baseline, rising to 80.9% of patients after 1 year of treatment (Figure 2). Concurrently, the number of
patients with IGF-I levels below normal dropped from 31.7% at baseline to 4.5% after 1 year of treatment, and 2.4% after 2
years. Beyond 2 years of treatment, the proportion of patients within the different IGF-I categories (low, normal, high) was
broadly stable, with 74.1-78.4% of patients within the normal range at each subsequent time point up to Year 8. Patterns
were generally similar across the different indications, with the proportion of patients with IGF-I levels below normal
dropping from baseline to 1 year, and the proportion of patients within the different IGF-I categories broadly stable from 2
years onwards.

IGF-I lower than normal range M IGF-| within normal range W IGF-| above normal range

100
90
80
70
60 -
50 4
40
30
20 4
10 4
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5 55 6 6.5 7 7.5 8

n=4398 n=2920 n=3728 n=3171 n=3050 n=2564 n=2244 n=1939 n=1663 n=1377 n=1189 n=979 n =822 n =652 n =531 n =390 n=311

Patients (%)
o o o o o o o o

o

Visit (year)

Figure 2 Percentage of patients at each visit with IGF-I values lower than, within, or above normal range (treatment-naive patients in the safety analysis set with available data).
Abbreviation: IGF-I, insulin-like growth factor I.
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Anti-rhGH Antibody Assessments

Overall, only a low number of anti-thGH antibody assessments were carried out in real-world clinical practice. In all 31
patients with pre-baseline assessments, the results were negative. In one out of 114 patients with an anti-rhGH antibody
assessment at baseline, the result was positive. The patient had GHD and was treatment-naive. All three post-baseline
assessments over 1.5 years were negative in this patient. The patient had a height SDS score of —3.254 at baseline and
achieved a height SDS of —1.021 after 5 years of treatment at 9 years old, before study discontinuation due to “physician
decision”. In all 77 patients with assessments after the start of biosimilar rhGH treatment, the results were negative.

Effectiveness

Efficacy was assessed in the 6589 patients included in the effectiveness population. A sustained catch-up growth across
all indications was observed as early as 6 months after initiation of biosimilar rhGH treatment compared with baseline, in
both treatment-naive and pretreated patients. In treatment-naive patients, height SDS increased from baseline by
a median (range) of +0.65 (—1.5 to 3.3) at 1 year and +1.79 (3.7 to 6.2) at 5 years. In treatment-naive patients, height
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Figure 3 Yearly increase in height SDS in treatment-naive patients, by indication. Figure shows box plots for the difference between height SDS in the year specified and
height SDS | year before.

Abbreviations: CRI, chronic renal insufficiency; GHD, growth hormone deficiency; ISS, idiopathic short stature; PWS, Prader-Willi syndrome; SDS, standard deviation
score; SGA, small for gestational age; TS, Turner syndrome.
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Figure 4 Yearly increase in height velocity SDS (PC) in treatment-naive patients, by indication. Figure shows box plots for the difference between height velocity SDS in
the year specified and height velocity SDS | year before.

Abbreviations: CRI, chronic renal insufficiency; GHD, growth hormone deficiency; ISS, idiopathic short stature; PC, peak centered; PWS, Prader-Willi syndrome;
SDS, standard deviation score; SGA, small for gestational age; TS, Turner syndrome.
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Visit (year)
0 0.25 0.5 1 15 2 25 3 3.5 4 45 5 55 6 6.5 7 7.5 8
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n=5926 n=5867 n=5751 n=5383 n=4861 n=4298 n=3710 n=3194 n=2679 n=2211 n=1851 n=1536 n=1279 n=1032 n=804 n=611 n=449 n=337

Figure 5 Mean difference between projected height and targeted height by visit (effectiveness population).
Abbreviation: PH-TH, projected height minus targeted height.

velocity SDS (peak centered; PC) increased from —3.02 (—11.9 to 12.0) at baseline to +3.85 (8.7 to 16.5) after 1 year and
+1.18 (-9.0 to 11.7) after 5 years. Mean change in height SDS compared with the previous year in treatment-naive
patients is shown by indication in Figure 3. Mean change in height velocity SDS compared with the previous year in
treatment-naive patients is shown by indication in Figure 4. As can be seen in these figures, the greatest yearly increase in
height SDS and height velocity SDS was observed from baseline to the first year of treatment.

In pretreated patients, height SDS increased from baseline by a median (range) of +0.24 (3.8 to 2.9) at 1 year and +0.73
(1.4 to 3.7) at 5 years. Height velocity SDS (PC) increased from —0.80 (-9.0 to 12.8) at baseline to +1.57 (6.3 to 14.6) after
1 year and +0.49 (5.6 to 11.8) after 5 years. Overall, a total of 1628 (24.7%) patients reached adult height according to the
physician’s opinion (22.7% of treatment-naive patients and 36.9% of pretreated patients). The overall median (range) baseline
height SDS was —2.54 (6.6 to 2.9). The overall median (range) adult height SDS was —1.50 (9.3 to 2.7). The mean (SD) age
when reaching adult height was 15.87 (1.60) years in treatment-naive patients and 15.98 (1.81) years in pretreated patients. For
boys, this was 16.54 (1.21) years in treatment-naive patients and 16.62 (1.77) years in pretreated patients, while for girls, this was
15.44 (1.66) years in treatment-naive patients and 15.26 (1.57) years in pretreated patients. Figure 5 shows the difference between
the projected height and targeted height (PH-TH; target height derived from the height of the patient’s mother and father) for the
effectiveness population. At baseline, PH-TH was —11.73 cm; after 8 years’ treatment, PH-TH was 0.12 cm.

Discussion

The PATRO Children post-marketing surveillance study provides data on the long-term safety and effectiveness of biosimilar
rhGH treatment in children in a real-life clinical setting. Overall, 26,957 PY of safety data in 7359 patients were documented
during PATRO Children from 2006 to 2020. Based on the current analysis, biosimilar thGH is well tolerated and effective in
both treatment-naive patients and pretreated patients who were indicated for thGH therapy. No signs of an increased
diabetogenic potential, increased risk of new or recurrent malignancies, or anti-thGH antibody-induced lack or loss of
efficacy has been observed across all the indications. There were no reports of any unexpected AEs in patients with PWS.

The safety profile of biosimilar thGH is consistent with the interim results from PATRO Children previously reported,® '*
and from other observational studies of long-term rhGH therapy.'*"'® Data presented here are also comparable with previous
registry data accumulated with the reference medicine. Nonetheless, there are challenges comparing data between these
studies due to differences in observational time periods and data collection.

In PATRO Children, 16,628 AEs were reported in 3981 patients (54.1%; 147.68 per 1000 PY) and 2063 SAEs in 1074
patients (14.6%; 39.84 per 1000 PY). AEs suspected to be related to biosimilar rhGH occurred in 614 patients (8.3%; n= 835
events; 22.78 per 1000 PY) and SAEs suspected to be related to biosimilar thGH were reported in 84 patients (1.1%; n=113
events; 3.12 per 1000 PY). GeNeSIS (the Genetics and Neuroendocrinology of Short Stature International Study) was carried
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out to monitor the safety and effectiveness of rhGH in pediatric patients and included 22,294 patients in the safety population
from 1999 to 2015."* As in PATRO Children, this study required reporting of all AEs, irrespective of whether a causal
relationship with thGH treatment was suspected. GeNeSIS reported SAEs in 567 (2.5%) patients, and assessed SAEs as
causally related to thGH in 82 patients (0.4%; IR not reported). KIGS (Kabi/Pfizer International Growth Database) was
created to determine the long-term safety and treatment outcomes of pediatric thGH therapy (Genotropin®). At data lock in
2012, it included 83,803 children with growth disorders from 52 countries.”’ As in PATRO Children and GeNeSIS, KIGS
required reporting of all AEs, irrespective of whether a causal relationship with thGH treatment was suspected. SAEs were
reported in 3108 (3.7%) patients, and assessed SAEs as causally related to thGH treatment in 607 patients (0.7%; IR not
reported). The International Cooperative Growth Study NutropinAq”™ European Registry (iNCGS) included 3493 patients in
the safety population from 2005 to 2016.%" This study aimed to only collect information on SAEs (related and unrelated) and
non-serious related AEs, limiting comparisons with PATRO Children. In iNCGS, 27 patients (0.8%; n = 30 events; IR not
reported) reported treatment-related SAEs.”' A combined analysis of data collected from 676 clinics participating in two
multicenter longitudinal observational studies: the NordiNet International Outcome Study (Europe; 2006-2016) and the
ANSWER Program (USA; 2002-2016) included 37,702 patients and 130,476 PY of exposure to thGH treatment.”> This
combined analysis only reported SAEs (related and unrelated) and AEs considered possibly/probably related to thGH
treatment, again, limiting comparisons with PATRO Children. There were 190 (15.3% of all events) SAEs considered
possibly/probably related to rhGH treatment in NordiNet/ANSWER.

Rates of SAEs and treatment-related SAEs observed in PATRO Children are slightly higher compared with those reported
previously from the GeNeSIS, KIGS, iNCGS, and NordiNet/ANSWER studies. This likely reflects differences between the
designs of the studies. As the primary objective of PATRO Children was to collect data on safety, it was handled like an
interventional study in terms of collecting AEs and SAEs, which may have led to slightly higher rates. In addition, the patient
populations were not completely comparable between these studies, with a higher proportion of patients born SGA and a lower
proportion of patients with ISS in PATRO Children compared with the GeNeSIS and KIGS studies.

In PATRO Children, seven patients were diagnosed with 10 new malignancies during biosimilar rhGH treatment, none of
which were suspected to be related to biosimilar rhGH treatment. Nine malignancies in seven patients were considered
recurrences or progressions of pre-existing malignancies, two of which were suspected as related to biosimilar thGH
treatment. Since it is known that there is an increased risk of a second neoplasm in patients treated with somatropin after
their first neoplasm, and this is included in the product label,' these new and recurrent malignancies warrant further discussion.

Among the patients with new malignancies, one patient with TS had a newly diagnosed malignant astrocytoma and
neoplasm progression. The other patients in the study with newly diagnosed malignancies were those with GHD. One
patient experienced a medulloblastoma that led to GHD before treatment with biosimilar thGH. The physician considered
the development of papillary thyroid cancer in this patient as a consequence of radiation treatment of the medulloblas-
toma, and as such, a second primary cancer. A single patient had acute lymphocytic leukemia, which was treated with
allogenic bone marrow transplantation prior to biosimilar rhGH treatment, and later developed a neuroendocrine tumor.
Secondary to this, the patient had liver and peritoneal metastases. One patient had a history of pituitary disorder and was
diagnosed with acute lymphocytic leukemia 2.3 years after starting biosimilar thGH treatment. A single patient had
a history of neurosecretory dysfunction that could have been related to the development of a malignant neuroblastoma
prior to biosimilar rhGH treatment. One patient had secondary hypothyroidism reported as chronic illness and developed
myelodysplastic syndrome 1.2 years after the start of biosimilar rhGH treatment. This patient was pretreated with another
thGH preparation (0.60 mg/day NutropinAq® [Roche, Basel, Switzerland]) and had an overall thGH treatment duration
of 34.6 months (2.88 years). This patient was the only rhGH-pretreated patient with a newly diagnosed malignancy.
A single patient had cryptorchism and ectopic testis, which may have contributed to the development of testicular germ
cell cancer, diagnosed during the second year of biosimilar rhGH treatment.

Recurrence or progression of pre-existing malignancies was reported only in patients with GHD. Cancer types
included astrocytomas, medulloblastoma, Langerhans cell histiocytosis, papillary tumor of the pineal gland, and CNS
germinoma. The two cases suspected as related to biosimilar thGH treatment were progression of a pilomyxoid
astrocytoma that occurred 2.3 years after the start of biosimilar thGH treatment and resolved with sequelae, and
a CNS germinoma diagnosed 3 years after the start of biosimilar thGH treatment.
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Overall, these data do not raise any new safety concerns regarding malignancies and are generally in line with reports from
other long-term studies. Across all patients in PATRO Children, the IR was 0.26 per 1000 PY for newly diagnosed
malignancies and 0.22 per 1000 PY for primary malignancies. In GeNeSIS, malignant primary neoplasms were reported in
14 patients (0.16 per 1000 PY), four of whom were considered as having a defined predisposition to cancer.* In iNCGS, a total
of 20 patients experienced a malignant or unspecified neoplasm; four of these were considered to be related to rhGH treatment
(low grade astrocytoma, cholesteatoma, craniopharyngioma, and germ cell cancer; IR per 1000 PY not reported in
publication).?' During the NordiNet/ ANSWER studies, 56 patients reported 62 neoplasms, of which 22 (35.5%) were
considered possibly thGH treatment related, and three (4.8%) were considered probably thGH treatment related (IR per
1000 PY not reported in publication).”? In SAGhE (Safety and Appropriateness of Growth hormone treatments in Europe),
cancer incidence risk doubled; however, differences in presentation of data related to malignancies limit comparisons with
PATRO Children.'® In KIGS, neoplasms of all-causality were reported in 0.7% of patients, and considered treatment related in
0.2% of patients (IR per 1000 PY not reported in publication).*’

In PATRO Children, AEs of special interest were documented in two patients with GHD (cerebral hemorrhage and
intracranial aneurysm) and in one patient with TS (subarachnoid hemorrhage and intraventricular hemorrhage); all were
considered as not related to biosimilar rhGH treatment. In GeNeSIS, three cases of hemorrhagic stroke were reported, all
in patients with considerable risk factors.'> Nonetheless, since findings from the French SAGhE study showed an
increased risk of stroke, particularly hemorrhagic stroke in patients with GHD, ISS, or born SGA treated with thGH,*
long-term monitoring of patients is important to further assess the cardiovascular safety of thGH treatment. KIGS
reported cerebral hemorrhage in seven patients, which was considered related to thGH treatment in one patient, and
intracranial hemorrhage was reported in three patients, which was considered related to rhGH treatment in two of these
patients.”® There was one case of intraventricular hemorrhage and one case of subarachnoid hemorrhage, neither of
which were considered related to thGH treatment.*

In PATRO Children, the IRs for developing T1D or T2D were 0.11 per 1000 PY over all indications. The IR for developing
T2D was comparable in patients born SGA (0.13 per 1000 PY). In the general untreated population, the International Diabetes
Federation Atlas 10th edition reports incident cases per annum (1000s) for T1D in 0- to 14-year-olds as 108.3 worldwide, with
rates of 24.7 reported in Europe, 18.7 in North America and Caribbean region, and 0.1 in Western Pacific.”* Recent global
estimates for T2D in children (<20 years) from a systematic review reported IRs per country, ranging from 0.001 per 1000 PY
in Germany to 0.907 per 1000 PY in Iran.” In GeNeSIS, the incidence rates of T1D and T2D across all indications in patients
treated with thGH were 0.18 per 1000 PY and 0.17 per 1000 PY, respectively.'> The IR of T2D in patients born SGA was
0.35 per 1000 PY."® These findings suggest that there is no meaningful increased risk of developing T1D or T2D due to
treatment with thGH in the general population, or developing T2D in patients born SGA.

Regarding baseline dose, this was generally similar across indications (~0.0300—0.0400 mg/kg/day), except for
patients with PWS, where lower doses were observed (0.0235+£0.0091 mg/kg/day [mean£+SD]). This is likely due to
earlier commencement of rhGH treatment in patients with PWS, or may suggest that treating physicians followed a more
cautious approach in patients with PWS in general. This may have been due to concerns regarding the use of thGH
treatment in those with extreme obesity or disordered breathing.*® In addition, in patients with PWS, standard rhGH
dosing regimens can be associated with high IGF-I levels; therefore, these patients may be treated with lower doses of
rhGH to avoid elevated IGF-1. Nonetheless, the benefits of rhGH treatment in terms of improving body composition and
normalizing adult height in children with PWS are well established.?”®

The reported effectiveness of biosimilar hGH in PATRO Children is consistent with those from observational studies of
other approved thGH medicines.”* ' A substantial catch-up growth was observed with biosimilar thGH treatment in both
treatment-naive and pretreated patients, which was sustained over approximately 12—13 years. Increase in height velocity was
most pronounced during the first year of treatment. While data were limited because anti-thGH antibody assessments were
only performed in a small number of patients, there were no reports of anti-rhGH antibody-induced lack or loss of efficacy.

It is of interest that, in those who discontinued treatment, only 2.9% switched to another thGH preparation, compared
with 13.9% who had been pretreated with other rhGH products and switched to biosimilar thGH. Future studies
regarding satisfaction with different thGH preparations and their devices would be helpful in making the most appro-
priate treatment choices for patients.
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As with all observational studies, PATRO Children has its limitations. Data are collected according to routine clinical
practice, rather than using strict standardized protocols in well-designed clinical trials, so there is the potential for
missing data that risks skewing the results and conclusions drawn. In addition, most assessments and laboratory tests,
including IGF-I measurements, were carried out locally, rather than centrally, which may lead to variations between
centers. Furthermore, the mean duration of biosimilar rhGH treatment in PATRO Children is approximately 3 years. This
is in line with iNCGS (reported as median 3.2 years) and NordiNet/ ANSWER (reported as mean 3.5 years), but shorter
than in GeNeSIS (reported as mean 4.9 years). Thus, since some AEs, such as malignancies, may take several years to
develop, and increased risk of stroke was reported in SAGhE, continued patient follow-up is required.

Conclusion

In summary, data from the PATRO Children study indicate that biosimilar thGH is a well-tolerated and effective therapy
in its approved indications in children of different ages. Beyond clinical trials, biosimilar thGH has generated more than
300 million patient-days of treatment experience across 80 approved countries worldwide (across approved rthGH
indications) until January 2022.* The growing clinical experience with EMA-approved biosimilars, including biosimilar
rhGH, should offer additional reassurance to healthcare professionals and patients that these agents are as effective and
well tolerated as others, thus widening patients’ access to life-changing treatments worldwide.
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