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1 Executive Summary

1.1 Introduction
Somapacitan (Sogroya®) is a long acting recombinant human growth hormone (hGH) 
consisting of a single point mutation in the hGH back bone (L101C) to which a non-
covalent albumin binding moiety has been attached. The albumin binding moiety (side 
chain) consists of an albumin binder and a hydrophilic spacer attached to position 101 
of the protein by chemical conjugation. The albumin binding part,  

 binds non-covalently to endogenous albumin and 
thereby prolongs the half-life of the compound, allowing for once weekly administration. 
Somapacitan is indicated for the replacement of endogenous growth hormone in adults 
with growth hormone deficiency (GHD).    

1.2 Brief Discussion of Nonclinical Findings
Pharmacology, general toxicology, genetic toxicology, reproductive and developmental 
toxicology studies were conducted with somapacitan (NNC0195-0092) by the 
subcutaneous route of administration. Safety margins to human exposure were 
estimated based on an AUC0-168h of 2680 ng*hr/mL in adult with growth hormone 
deficiency (GHD) at the proposed maximum recommended human dose (MRHD) of 8 
mg somapacitan. 

Pharmacology
In vitro studies showed that somapacitan binds to hGH receptor with approximately 3-
fold lower potency than native hGH. Once a week administration of somapacitan to 
hypophysectomised rats resulted in sustained increases in body weight gain. IGF1 
levels were increased, but in a more fluctuating pattern than with daily hGH 
administration. 
In a standard battery of safety pharmacology studies, somapacitan did not cause any 
effects on the central nervous, respiratory, or cardiovascular systems in monkeys at 
exposures more than 1000-fold MRHD.

ADME
Somapacitan Cmax was reached between 4 and 24 hours in rats and monkeys. 
Absolute bioavailability was the highest in the monkey (70%) and lowest in the rat 
(40%). Radiolabeled somapacitan distributed to all tissues, with the highest 
tissue:plasma ratio observed in the kidney, urinary bladder, and bile duct. The metabolic 
profile was similar in rats, monkeys, and humans; all human metabolites were 
adequately qualified in the nonclinical studies. Urine was the principal route for 
excretion of somapacitan-related radioactivity in rats and monkeys. 

General Toxicology
Toxicology studies with treatment durations of 2 weeks, 13 weeks and 26 weeks were 
conducted in both monkeys and rats. The majority of findings in both species were 
related or secondary to the pharmacological effects of growth hormone and were 
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observed more prominently in rats despite the presence of anti-drug antibodies resulting 
in reduced somapacitan exposure following repeated dosing. In contrast, monkeys 
showed minimal antidrug antibody development and no reduction in exposure after 
repeat dosing. IGF1 levels were increased throughout dosing in both species.

Treatment-related effects in monkeys were primarily thymic atrophy and mammary 
gland hypertrophy (acinar and ductal dilation and epithelial papillary hyperplasia) in both 
males and females. The No Observed Adverse Effect Level (NOAEL) was the high dose 
of 9 mg/kg/twice weekly in all monkey studies (>1000-fold MRHD).  

In the rat 13-week study, somapacitan administered daily at 0.4, 2, and 9 mg/kg 
resulted in growth promoting effects, including increases in body weight and food 
consumption, increases in organ weights, histopathology findings of 
hypertrophy/hyperplasia, and increased secretary activities and collagen content in a 
wide range of tissues. Reduced cellularity in the pars distalis of the pituitary gland, likely 
due to a negative feedback induced by the treatment, was also observed.  Besides the 
growth promoting-related findings, treatment with somapacitan also increased the 
incidence of brain ventricle dilatations, diabetes, and chronic progressive nephropathy 
(CPN). The brain finding was observed at the high dose and was consistent with 
previously reported intracranial hypertension in patients treated with recombinant 
growth hormone. The diabetic findings were mainly observed in the high dose animals, 
where two male rats had to be prematurely sacrificed. Clinical signs (increased water 
consumption and urine volume), elevated blood glucose and insulin levels, glycosuria, 
cataracts, bilateral lenticular degeneration, along with islet cell hypertrophy/hyperplasia 
and islet cell vacuolation observed at the end of 13-week treatment and after 2 weeks of 
recovery, were consistent with insulin resistant diabetic condition. Earlier onset of CPN 
was observed in the mid dose and high dose groups. The NOAEL was the low dose in 
males (19-fold MRHD, based on Day 1 AUC) and mid dose in females (20-fold MRHD) 
based on findings of diabetes mellitus and kidney toxicity.  

In the 26-wk rat study conducted at somapacitan doses of 1, 2, and 4 mg/kg 
administered twice a week, the NOAEL was the mid dose (14-fold MRHD), based on 
kidney findings of minimal to slight bilateral hypertrophy, cortical tubular basophilia and 
tubular casts occurring at the high dose.

Genotoxicity
Somapacitan was negative in an AMES assay, chromosomal aberration test in cultured 
human peripheral blood lymphocytes, and micronucleus assay in rats. 

Reproductive and Developmental Toxicology 
Somapacitan had no effects on reproductive performance or fertility indices in rats at 
doses up to 4 mg/kg/twice weekly (29-fold MHRD). Embryo-fetal development studies 
were conducted in rats and rabbits. In rats, to ensure adequate exposure throughout 
organogenesis, a split-dose design was employed so that no animal was dosed for 
more than 4 days. Increased incidence of skeletal variations (short/bent/thickened long 
bones) was observed in rats at the high dose (18 mg/kg, 260-fold MRHD), but these 
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findings were transient and did not affect postnatal development. In rabbits administered 
somapacitan every other day, decreased fetal, placenta and litter weights, and 
increased incidence of incompletely ossified/unossified metacarpals phalanges were 
observed starting at the mid dose (130-fold MRHD based on C12h). The fetal NOAEL 
was 6 mg/kg/day (31-fold MRHD) and 1 mg/kg/every 2 days (12-fold MRHD) in rats and 
rabbits, respectively. In a pre-and post-natal developmental study in rats, somapacitan 
administered twice a week from gestation day 6 to lactation day 18 increased the 
incidence of dilated renal pelvis in high dose offspring at postnatal day 21 (18 mg/kg, 
630-fold MRHD). However, this finding was not observed in F1 offspring reared to 
maturity. The NOAEL was 9 mg/kg (275-fold MRHD).

Carcinogenicity
Somapacitan was not tested in 2-year carcinogenicity studies in rodents.

Based on growth promoting effects, contraindication of somapacitan treatment in the 
presence of active malignancy should be included in the label, as per other human 
growth hormone products labeling. 

1.3 Recommendations

1.3.1 Approvability
This application is approvable from a nonclinical perspective. 

1.3.2 Additional Non Clinical Recommendations
None 

1.3.3 Labeling
PharmTox labeling recommendations are shown below.

8 USE IN SPECIFIC POPULATIONS
8.1      Pregnancy

Risk Summary
 In animal 

reproduction studies, somapacitan was not teratogenic in rats and rabbits when 
administered subcutaneously during organogenesis at doses approximately 12-times the 
clinical exposure at the maximum recommended human dose (MRHD) of 8 mg/week. No 
adverse developmental outcomes were observed in  rats administered 
somapacitan during organogenesis through lactation at approximately 275 times the 
clinical exposure at the MRHD (see Data).

The estimated background risk of birth defects and miscarriage for the indicated 
population is unknown. In the U.S. general population, the estimated background risk of 
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major birth defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-
20%, respectively. 

Data
Animal Data
In an embryo-fetal development study in rats, somapacitan was administered via 
subcutaneous injection at doses of 2, 6, 18 mg/kg/day during the period of organogenesis 
from gestation Day 6 to 17. Fetal viability and development were not affected at doses up 
to 6 mg/kg/day (31-times  the MRHD). Transient, fetal skeletal variations 
(short/bent/thickened long bones) were observed at 18 mg/kg/day (261-times the 

 MRHD). 

In an embryo-fetal development study in rabbits, somapacitan was administered via 
subcutaneous injection at doses of 1, 3, 9 mg/kg every two days during the period of 
organogenesis from gestation Day 6 to 18. Fetal viability and development were not 

In a pre- and post-natal study in pregnant rats, somapacitan was administered via 
subcutaneous injection at doses of 4, 9, 18 mg/kg twice a week from gestation Day 6 to 
lactation Day 18. No adverse developmental effects were observed in offspring at doses 
up to 9 mg/kg twice weekly (275-times  the MRHD). Increased incidence 
of renal pelvic dilatation was observed on postnatal day 21 at 18 mg/kg  
(630-times  the MRHD), but was not observed in the adult F1 generation.

8.2       Lactation
Risk Summary
There is no information on the presence of somapacitan in human milk. Somapacitan-
related material was secreted into milk of lactating rats. When a substance is present in 
animal milk, it is likely that the substance will be present in human milk .  The 
developmental and health benefits of breastfeeding should be considered along with the 
mother’s clinical need for TRADE NAME and any potential adverse effects on the 
breastfed infant from TRADE NAME or from the underlying maternal condition.

8.4      PEDIATRIC USE
Safe and effective use of TRADE NAME has not been established in pediatric patients. 

13      NONCLINICAL TOXICOLOGY
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13.1   CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY 

Somapacitan was not mutagenic or clastogenic in a standard battery of genotoxicity tests 
[bacterial mutagenicity (Ames), human lymphocyte chromosome aberration, rat bone 
marrow micronucleus].

In rat studies evaluating male and female fertility,  
. Males were dosed from 

four weeks before pairing until termination and females were dosed beginning two weeks 
prior to mating, . No adverse effects were 
observed on male and female fertility at doses up to 4 mg/kg (29-times  
the MRHD).

2 Drug Information

2.1 Drug
CAS Registry Number: 1338578-34-9

Generic Name: None

Code Name: NNC195-0092 and NN8640

Chemical Name: [101-{S-[(8S,22S,27S)-8,22,27-tricarboxy- 2,10,19,24,29,38,42,42,44-
nonaoxo-59-(1H-tetrazol-5-yl)-12,15,31,34-tetraoxa-42λ6-thia-3,9,18,23,28,37,43-
heptaazanonapentacontan-1-yl]-L-cysteine}] human somatropin

Molecular Formula/Molecular Weight: C1038 H1610 N273 O319 S9, MW 23.3 KDa

Structure or Biochemical Description: Somapacitan is a recombinant hGH derivative in 
which the amino acid backbone has a single amino acid substitute (L101C) to which an 
albumin binding moiety is attached. The albumin binding part of the side chain binds 
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noncovalently to endogenous albumin and thereby prolongs the half-life of the 
compound.  

Figure 1: Schematic presentation of the primary structure of somapacitan

   

 
Pharmacologic Class: Long Acting Human Growth Hormone 

2.2 Relevant INDs, NDAs, BLAs and DMFs
Short-acting rhGHs:
NDA 21,148 (Norditropin® or somatropin)
NDA 21,075 (Nutropin Depot®, marketing discontinued)
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2.3 Drug Formulation
The proposed product is presented as a 10 mg/1.5 mL prefilled pen. The composition of 
somapacitan 10 mg is reported in Table 1.

Table 1: Somapacitan 10 mg composition

 Table excerpted from Applicant’ submission

2.4 Comments on Novel Excipients
There are no novel excipients.

2.5 Comments on Impurities/Degradants of Concern
The majority of product-related substances and impurities , 

 
retained full biological activity and were qualified in the nonclinical studies. There are no 
safety issues raised by the CMC team regarding the impurities in the drug substance or 
product. 
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Table 2: Drug product impurity specifications 

Table excerpted from Applicant’ submission

In order to qualify an impurity not present in the batch used for chronic toxicity studies 
 a 4-week comparative toxicity study (2 and 4 mg/kg/2x weekly, S.C. 

administration) was conducted in rats comparing the batch used in the nonclinical 
studies (13-week and 26-week rat studies) with a batch representing the end of shelf life 
product (stored for 3 months at 30°C, at pH 6.5  

 and at pH 6.9 ) and a GMP batch containing new 
and higher levels of high molecular weight protein (HMWP) and other related impurities 
(Table 3). The toxicity profile was similar across all three batches and was consistent 
with that observed in the chronic rat studies. This 4-week study adequately qualified the 
impurity from a safety perspective.         

Table 3: Impurity levels in the batches used in 4-week bridging study (No.213245)
Batch HMWP Other related impurities
Nonclinical batch (0013116016-1)
New GMP batch (001429526)
End of shelf-life (HMWP batch- 
001312967-F2, Deamidation 
batch001312967-F4, 

Additionally, the large safety margins to the clinical AUC achieved in the chronic 
toxicology studies (29- and 6963-fold in 26-week rat and monkey studies, respectively) 
support the safety of both active pharmaceutical ingredient (API) and impurities. Thus, 
the impurity specification at -fold the impurity level present in the chronic toxicology 
studies is adequate.  
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Table 4, excerpted from applicant’s submission, shows the nonclinical:clinical exposure 
ratios at each impurity specification limit based on the high dose in the 26-week monkey 
study (9 mg/kg).  

Table 4: Calculated ratios of nonclinical qualified impurities versus proposed 
end-of-life limits for clinical batches. 

   Table excerpted from Applicant’ submission

2.6 Proposed Clinical Population and Dosing Regimen
The proposed indication is for the treatment of adult growth hormone deficiency at a 
maximum recommended dose of 8 mg/week subcutaneously. 

3 Studies Submitted

3.1 Studies Reviewed 
The majority of nonclinical studies were reviewed under the IND (IND 116327; see the 
table under section 3.3) and are summarized in this BLA review.  
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3.2 Studies Not Reviewed 
Analytical methods and validation reports

3.3 Previous Reviews Referenced
Reviewer Date Content
Jeffery Quinn Dec. 22, 2012 PreIND responses to sponsor's questions
Jeffery Quinn Jan. 15, 2014 PreIND response to sponsor's question
Jeffery Quinn Aug. 7, 2014 30-d review including 26-w studies in rats and monkeys
Jeffery Quinn Dec. 12, 2014 Carcinogenicity assessment waiver request
Jeffery Quinn Jul. 16, 2015 IND full review including 26-w studies in rats and 

monkeys, genotoxicity studies and reproductive tox Seg I 
and Seg II studies

Elena Braithwaite Oct. 17, 2019 Pre and post-natal developmental study and some 
pharmacokinetic studies 

4 Pharmacology

4.1 Primary Pharmacology
Somapacitan has been evaluated in several in vitro and in vivo pharmacology studies. 

The receptor pharmacological properties were characterized in vitro using a functional 
BAF cell-proliferation assay. Surface plasmon resonance (SPR) analysis was used to 
evaluate the binding kinetics of somapacitan to the growth hormone binding protein 
(GHBP) and for a qualitative analysis of the binding to human serum albumin (HSA). 

 NNC0195-0092 binds to growth hormone binding protein (GHBP) with Kd values 
of 4.07×10-4 (1/s) to 4.32×10-4 (1/s).   

 Binding to human serum albumin (HSA): Somapacitan binds with high affinity to 
 ( ; KD~100-1000 nM] and with lower affinity to  

(KD~1000-10000 nM). Complete saturation was obtained at a molar ratio 
[somapacitan]:[HSA] of ~4.  

 Potency on human growth hormone receptor: In hGHR transfected BAF-3 cells, 
NNC0195-0092 stimulated cells proliferation with EC50 values of 0.033 to 0.054 
nM, which is slightly less potent than native hGH (EC50 of 0.013 nM). 

 Potency on human prolactin receptor: In human prolactin receptor (hPRLR) 
transfected BAF-3 cells, NNC0195-0092 stimulated cell proliferation with EC50 
values in the range of 3.55 - 4.63 nM, which is 8-25 fold less potent than native 
hGH (EC50 of 0.16-0.52 nM).              
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 The pharmacodynamic effects of somapacitan were evaluated in the 
hypophysectomised rat, a model of GH deficiency. Following a single dose (1-
150nmol), dose-dependent increase in body weight gain was observed starting 
on Day 1, with peaks reached between Days 3 and 6 post-dose. In a 28-day 
study, somapacitan (14 nmol/week) resulted in a 61% body weight gain while 
untreated rats showed no remarkable body weight gain. Body composition 
analysis showed treatment-related increases in lean mass and fat mass. 
However, when normalized by body weight, fat mass was reduced and lean 
mass was not affected. Bone mineral content was also increased. Over the 28 
days of treatment, insulin levels were increased, which seemed to contribute to 
stabilize blood glucose levels as hypophysectomised rats tended to have 
increased blood glucose.   

 Effects on IGF levels: Dose-related increases in plasma IGF1 concentration were 
observed in hypophysectomised rats following a single dose of 1-150 nmol and 
repeat doses of 14 nmol /week. IGF1 levels peaked at 1-3 days post-dose, and 
rapidly declined thereafter, resulting in more fluctuating IGF1 increases as 
compared to daily administration of hGH. Increases in IGF1 levels were also 
observed in cynomolgus monkeys (single IV and SC dose of 21.5 nmol/kg) and 
minipigs (IV and SC dose of 10 nmol/kg).

Figure 2. Body weight change and IGF1 levels following a single dose of 
somapacitan in hypophysectomised rats
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Figure excerpted from Applicant’ submission

Figure 3. Body weight change and IGF1 levels following multiple doses of 
somapacitan in hypophysectomised rats

Arrows indicate the dosing times on Day 0, 7, 14, and 21
Somapacitan: 14 nM once a week; hGH: 2nM/day
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Arrows indicate the dosing times on Day 0, 7, 14, and 21
Somapacitan: 14 nM once a week; hGH: 2nM/day
Figure excerpted from Applicant’ submission

4.2 Secondary Pharmacology
Off target effects:
The in vitro receptor binding activity of NN0195-0092 was assessed in a panel of 68 
different receptors.  The assay revealed that NNC0195-0092 at 3 mcM caused (>50%) 
inhibition of the specific binding of serotonin 5HT2B to its ligand (1.5 nM [3H] 8-OH-
DPAT). 

4.3 Safety Pharmacology
CNS:
A comprehensive neurobehavioral screening was conducted on Day 3 after the first 
dose in the 2-week toxicology study in monkeys (0.4, 2 and 9 mg/kg s.c. twice weekly).  
There were no remarkable findings at doses up to 9 mg/kg (>1000-fold MRHD).

Cardiovascular system:
 NNC0195-0092 did not inhibit hERG ion channel tail current in HEK-293 cells 

stably transfected with hERG cDNA at concentrations up to 3 mcM. 
 NNC0195-0092 had no effect on the action potential duration (ADP60 and ADP90), 

maximum rate of depolarization (MRD), upstroke amplitude (UA) or resting 
membrane potential in isolated rabbit Purkinje’s fibers at concentrations up to 3 
mcM for 30 min.

 Monkey studies (2-week, 13-week and 26-week) did not reveal significant effects 
on heart rate, blood pressure and ECG up to the highest dose tested of 9 mg/kg 
(>1000-fold MRHD).  
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Pulmonary system:
Respiratory rate and depth of respiration measured on Day 3 following a single dose up 
to 9 mg/kg in monkeys were not affected. 

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
The intended clinical route of administration, subcutaneous injection, was used in 
nonclinical studies. The drug formulation used in nonclinical studies was also similar to 
the intended clinical formulation.  

Absorption
Somapacitan Cmax was reached between 4 and 24 hours in rats and monkeys, and 
subcutaneous bioavailability was 36% in rats (single dose at 1.4 mg/kg) and minipigs 
(single dose at 0.23 mg/kg), and 69% in monkeys (single dose 0.5 mg/kg).   

Table 5: Mean somapacitan PK parameters following a single dose

Table excerpted from Applicant’ submission

Distribution
Tissue distribution in the rat
Following a single subcutaneous injection of 3H-Lys-NNC0195-0092 (9 mg/kg), 
radioactivity was widely distributed in all tissues with the highest levels observed 
between 12 and 36 hours post-dose in the kidney cortex and urinary bladder contents 
(tissue:blood ratio of ~8) follow by bile ducts and tooth pulp (tissue:blood ratio of 1.2-
1.8). The lowest radioactivity levels were found in the brain and spinal cord, 
corresponding to <2% of the total exposure observed in the blood. 
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Placenta transfer in the rat
3H-NNC0195-0092 given to pregnant rats at gestation day 17 (10 mg/kg) resulted in 
measurable radioactivity in all analyzed fetal tissues starting at 12 hours post dosing, 
with the maximum concentrations reached predominantly at 24 hours post-dose. The 
highest concentration of radioactivity was observed in fetal kidneys, with a 
tissue/maternal blood AUC ratio of 0.54, on a ug.h/g basis. The corresponding ratios for 
the other fetal tissues were in the range 0.03-0.18. At 72 hours post dosing, radioactivity 
peaked in the amniotic fluid.  

Milk secretion in the rat
The milk secretion was investigated in lactating rats following a single s.c. dose of [3H]-
somapacitan 8 mg/kg on lactation day 10.  Milk secretion of somapacitan-related 
material was observed in moderate amounts, with a milk/plasma ratio up to 0.5.

NNC0195-0092 was highly bound to plasma proteins (>99%) in all species tested 
(mouse, rat, pig, monkey and human).

  
Metabolism
A similar metabolic profile was observed in rats, monkeys, and humans. Radiolabeled 
somapacitan was the principal plasma component in rats, monkeys, and humans, and 
accounted for 59-70% of the total exposure from plasma components (somapacitan and 
metabolites; Table 6).  A range of 5-8 metabolites were observed across species. All 
human metabolites were adequately qualified in the nonclinical studies, including the 
metabolite P1, which accounted for 21% of the total somapacitan-related components 
plasma exposure in humans, as compared to 3.7% in rats and 1.4% in monkeys. 
However, plasma exposure of P1 in the rat toxicity studies was up to 70-fold higher than 
in human at the MRHD. Rat and human plasma metabolites were products formed after 
a number of proteolytic cleavages of the peptide backbone of somapacitan.  The urine 
metabolites were products from full proteolytic cleavage of the peptide backbone and 
extensive hydrolytic cleavage of the linker sequence of the Cys101 side chain.  It is also 
expected that that the albumin binder  will be degraded by 
beta-oxidation.  
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Table 6. Metabolite profiles in rats, monkeys, and humans

Table excerpted from Applicant’ submission

Table 7. Plasma metabolite exposures in humans and rats

 
Table excerpted from Applicant’ submission

Excretion
Urine is the principle excretion route of somapacitan with 86% and 54% of the 
administered dose recovered in rats and monkeys, respectively, within 120 hours post 
dose.  Fecal excretion accounted for 12.6-14.7% in rats and 17.4% in monkeys.  Human 
urine and fecal elimination accounted for 80.9% and 12.9% of the administered dose, 
respectively.  The urine and faces samples contained only metabolites and no intact 
somapacitan.

Pharmacokinetic Drug Interactions
Decreased CYP450 activity (nmol/min/total liver) was observed in males only in the 13-
week rat study.  In a 26-week rat study, decreased enzyme activities (per gram of liver 
tissue) were observed for CYP1A, CYP2B and CYP2E in both males and females, as 
well as CYP2C and CYP3A in males.

In a 13-week monkey study, CYP450 activity changes were limited to minor increases in 
the CYP1A in males only.  
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5.2 Toxicokinetics 

Table 7. Rat toxicokinetics, 13-week toxicity study

Table excerpted from Applicant’ submission

Table 8. Rat toxicokinetics, 26-week toxicity study

Table excerpted from Applicant’ submission

Table 9. Monkey toxicokinetics, 26-week toxicity study

Table excerpted from Applicant’ submission

6 General Toxicology

6.2 Repeat-Dose Toxicity
The general toxicology studies were conducted in rats and monkeys by the 
subcutaneous route.   

Rat studies 

 Rat Study duration Dose, mg/kg Dosing frequency Dosing route
2-week 0.4, 2, 9 daily S.C
13-week 0.4, 2, 9 daily S.C
26-week 1, 2, 4 Twice weekly S.C
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The 13-week study revealed more treatment-related findings than the 26-week study as 
the dosing regimen was changed to twice-weekly administration in the 26-week study.  

Systemic exposure was reduced following repeat dosing and the cause is not clear.  
Anti-drug antibodies (ADAs) were detected in all treatment groups but were not 
predictive of lower exposure. According to the sponsor, decreased exposure over time 
might be caused by a rodent-specific mechanism which cause an induction of proteins 
involved in the elimination of GH, such as GHR and GHBP (Gonzales 2007; Maiter 
1988; Fisker 2006). In this review, AUC values at the end of the treatment duration were 
conservatively used in the calculation of safety margins. 

13-week rat toxicity study (0.4, 2, 9 mg/kg/day):

Clinical observations
 Increases in body weight gain and food consumption were generally observed 

throughout dosing. However, decreases in body weight gain and/or weight loss 
were observed starting at week 9 in few high dose males who developed 
diabetes mellitus.

 IGF-1 levels were increased throughout dosing indicating maintenance of 
pharmacological activity

 Slightly decreases in RBC parameters, and increases in white blood cell, platelet 
counts, cholesterol, calcium, phosphorus, and total plasma protein were 
observed.  The increase in total plasma protein was primarily due to increased 
globulin.

Necropsy findings
 Hypertrophy/hyperplasia 

Increased organ weights and histopathological findings of hypertrophy and 
hyperplasia in a wide range of tissues (growth plate, heart, liver, kidney, 
mammary glands including feminization, pancreas islet cells, spleen, thymus, 
adrenals, esophagus tunica muscularis, stomach, intestinal villous and mucosa, 
seminal vesicle epithelium, ovarian corpora lutea, vagina epithelium, urinary 
bladder muscle and lachrymal glands), increased secretory activity (mammary 
gland, vaginal epithelium, and clitoral glands) and increased collagen content 
(parathyroids, lymph nodes, parotid salivary gland, and lachrymal glands) were 
likely pharmacologic effects of growth hormone (including cross-activation of 
prolactin receptor). 

 Cell vacuolation and degeneration/atrophic findings
Cell vacuolations in hepatocytes and brown adipose tissue, and reduced 
cellularity in the pars distalis of the pituitary gland were observed at the end of 13 
weeks of treatment.  These findings are likely due to altered lipid metabolism and 
storage in the liver, prolactin receptor-mediated suppression of brown adipose 
tissue activity, and negative feedback on pituitary gland. 
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 Incidence/severity of myocardial degeneration and fibrosis was increased after 2 
weeks of recovery period, possibly due to growth hormone-stimulated myocardial 
hypertrophy during dosing and withdrawal of such stimulation in the recovery 
phase.

 Increased incidence of dilated brain ventricles was observed in high dose groups, 
which appears to be consistent with previously reported findings of intracranial 
hypertension in patients treated with recombinant human growth hormone1.  

 Diabetic findings
Diabetic findings were observed in high dose animals (9 mg/kg), most 
prominently in males, and lead to premature sacrifice of two male rats.  Clinical 
signs (increased water consumption and urination, and body-weight loss), 
cataract, elevated non-fasting blood glucose levels (3 fold), increased insulin 
levels (3-7 fold), and presence of glucose in the urine (marked) were consistent 
with diabetes.  Histopathologic findings of islet cell hypertrophy/hyperplasia may 
be related to the growth promoting effect on islet cells, while islet cell vacuolation, 
atrophy/degeneration, single cell necrosis, with or without inflammatory cell 
infiltrates in pancreas, and lenticular degeneration were consistent with diabetic 
conditions.  Additionally, findings in the male reproductive tract (testes, prostate 
and seminal vesicle) including atrophy, inflammation and/or reduced colloid are 
likely attributable to diabetes and general poor condition. The diabetic findings 
are consistent with literature reports that growth hormone, when taken in excess, 
causes diabetes, counteracts insulin action on lipid and glucose metabolism, and 
diminishes sensitivity of tissues to insulin.2,3   

 Kidney findings
Minimal to moderate hypertrophy, renal cortical tubular casts and tubular 
basophilia, and chronic progressive nephropathy (CPN) were observed in the 
mid dose and the high dose groups. Although CPN is a common background 
finding in the aging rat (12 months old), it was observed at higher incidence and 
at an earlier age (5-6 months old).  The dose- and time-dependent increase in 
urine protein content may have exacerbated the CPN and the casts findings in 
these animals. 

All above findings appeared to be more pronounced in males, which might be due to 
higher exposure to NNC0195-0092 in males (mean female/male ratio for AUC0-24h was 
0.62). 

1 Malozowski S., et al.  Growth Hormone, Insulin-like Growth Factor I, and Benign Intracranial Hypertension.  N 
Engl J Med 1993; 329(9):665-6 
2 Colao A, et al. Systemic complications of acromegaly: epidemiology, pathogenesis and management.  Endocrine 
Reviews, 2004; 25(1), 102-152
3 Holly JMP, et al. The role of growth hormone in diabetes mellitus.  J Endocr 1988; 118, 353-364
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The NOAEL was 0.4 mg/kg/day in males (AUC0-24h of 7.1 mcg.h/mL at Day 1; AUC not 
obtained at Week 13) and 2 mg/kg/day in females (AUC0-24h of 7.8 mcg.h/mL at Week 
13) based on findings of diabetes mellitus and kidney toxicity.  
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Table 10: Histopathological finding incidence (severity) in rat 13-week study  

   Week 13 Recovery (2weeks)
 dose, mg/kg  0 0.4 2 9 0 0.4 2 9

M 1(1) 1(1) 4(1) 3(1)Brain
Ventricular dilation

F  3(1) 2(1)
M 4(1) 4(1)  1(1) 1(1) 2(1) 3(1.3) 4(1.3)

Myocardial degeneration
F 3(1) 4(1)  1(1) 1(1) 3(1)

M   2(1.5)

Heart

Fibrosis
F  1(1)       
M   7(1.4) 9(1.5)    2(1)Liver Periportal hepatocyte 

vacuolation F   4(1) 8(1.3)     
M  2(1) 6(1.7) 1(1) 7(2.6)Chronic Progressive 

Nephropathy F  2(1) 1(2)
M  1(1) 3(1) 4(1.8) 1(1) 2(1)Cortical tubular basophilia
F  1(1) 6(1.3) 5(1.3)

M  3(1)  1(1) 3(1)Cortical tubular basement 
membrane thickening F   6(1)

M  3(1) 9(1.7) 3(1.3) 6(1.8)

Kidney

Tubular casts within dilated 
tubules F  6(1) 4(1)

M 1(1) 7(1.7) 2(1)Islet cell 
hypertrophy/hyperplasia F 8(1.3) 4(1)

Islet cell vacuolation M    1(2)     
F  1(1)

M   4(2)*

Pancreas

Islet atrophy/degeneration, 
vacuolation or single cell 
necrosis F         

M   3(1.3)Eye Bilateral lenticular 
degeneration F   

M         Femur 
joint 

Synovial inflammatory cell 
infiltrate F  1(1) 1(1) 3(1)     

M  1(1) 6(2)Pituitary Pars distalis reduced 
cellularity F   

Testes Seminiferous tubular 
atrophy

M
  1(4) 2(2.5)    1(2)

Inflammation  5(1.3)
Prostate

Absent or reduced colloid        3(2.7)
Reduced colloid        3(4)
Atrophy   2(1)

Seminal 
vesicle

Inflammation

M

       3(2)
M   4(1.3) 10(2.3)  3(1) 3(1) 7(3.3)Brown 

fat
Unilocular cytoplasmic 
vacuolation F   2(1) 9(2.4)    5(2.8)

Main study, n=10/sex/dose; recovery, n=9, 9, 9, 7 for males and 8, 6, 7 and 9 for females at control, LD, 
MD, HD, respectively; a blank represents zero incidence; () average severity grade of affected individuals 
in a scale of 5, as 1=minimum, 2=slight, 3=moderate, 4=marked, 5=severe.  *including animal islet 
vacuolation in No. 68.
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26-week rat study (1, 2, 4 mg/kg twice weekly) 
The toxicity profile was similar to that observed in the 13-week study, but findings 
occurred at lower incidence and severity (Table 11). The only finding that was not 
observed in previous rat studies was an increase in hepatocyte mitotic figures at all 
doses.  The increased mitotic figure might be due to co-stimulation of the prolactin 
receptor by NNC0195-0092, as prolactin is a known mitogen in rodent liver cells4.   

There was no onset of diabetes in the 26-week study.  Blood glucose concentrations 
higher than control were observed in females only.  There was no incidence of 
glucosuria.  Histopathology findings in the pancreas were limited to islet cell 
hyperplasia/hypertrophy.   

Kidney findings consisted of hypertrophy (minimal to slight, bilateral), cortical tubular 
basophilia and tubular casts within dilated tubules in the outer/mid cortex and medulla in 
the high dose groups. 

The sponsor identified the NOAEL at 4 mg/kg (sex combined AUC0-24h of 38.5 
mcg.h/mL at Week 26).  This reviewer considers the NOAEL to be 2 mg/kg for both 
males and females (sex combined AUC0-24h of 15 mcg.h/mL at Week 26) based on the 
kidney findings.     

Table 11: Incidence (severity) of selected histopathological findings in the rat 26-
week study 

   Week 26 Recovery (for 4 weeks)

 dose, mg/kg  0 1 2 4 0 1 2 4
M  1(1) 4(1) 1(1)

Brain Ventricular dilation
F         
M  2(1) 6(1.5) 6(1.2)

Mitotic figure
F 2(1) 5(1.2) 8(1.3) 7(1.6)
M  5(1.4) 8(1.4) 1(1) 2(1)

Liver

Periportal hepatocyte 
vacuolation F   1(1) 4(1.5)  1(1) 1(1)  

Kidney M 1(1) 3(1) 4(1.3)  1(1) 3(1)
Cortical tubular basophilia

F  1(1) 2(1)  1(1)
M  1(1) 1(1) 5(1.2) 2(1.5)

 
Tubular casts within dilated 
tubules F    4(1)     

M  2(1.5) 1(2) 1(2)     
Pituitary Pars distalis reduced cellularity 

F    1(1)     
Main study, n=20/sex/dose; recovery, n=10/sex/dose; a blank represents zero incidence; () average 
severity grade of affected individuals in a scale of 5, as 1=minimum, 2=slight, 3=moderate, 4=marked, 
5=severe.  

4 Buckley A. R. et al: Prolactin as a mammalian mitogen and tumor promoter.  Advances in Enzyme Regulation, 
1988; 27, 371-391
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Monkey studies
Monkeys were given NNC0195-0092 subcutaneously at 0.4, 2 and 9 mg/kg twice 
weekly for a duration of 2, 13, or 26 weeks.  Treatment-related findings were primarily 
mammary gland swelling, lactation, acinar and ductular dilation and papillary 
hyperplasia.  Other findings such as reduced red blood cell mass, increased blood 
glucose, and reduced thymus cellularity were sporadic, small in magnitude and lacked 
dose relationship.

The dose of 9 mg/kg twice weekly was the NOAEL in all monkey studies.  The sex 
combined AUC0-72h value was 8890, 9400 and 9330 mcg.h/mL for the 2-week, 13-week, 
and 26-week studies, respectively. 

7 Genetic Toxicology
Somapacitan was negative in the AMES assay, chromosomal aberration test in cultured 
human peripheral blood lymphocytes, and in an in vivo micronucleus assay in the rat. 

The albumin binder and hydrophilic spacer component of somapacitan were predicted 
to be negative for bacterial mutagenicity in an in silico quantitative structure–activity 
relationship (Q)SAR analysis.  

8 Carcinogenicity
Standard 2-year carcinogenicity studies in rodents were not conducted. A weight of 
evidence approach taking in consideration the effects related to GH and genotoxicity 
evaluation of the albumin linker suggests that the carcinogenic risk for somapacitan is 
expected to be similar to that of currently marketed hGH products. 

1. Genotoxicity studies were negative for somapacitan and the albumin linker
a. Somapacitan was negative in genotoxicity tests in vitro and in vivo 
b. No genotoxic alerts were observed in an in silico quantitative structure–

activity relationship (Q)SAR analysis of the albumin linker. See the report 
in Appendix. 

c. No genotoxic potential has been identified in other drugs containing similar 
linker structures.

2. Growth hormone-mediated proliferative effects of somapacitan
a. In the repeat-dose studies conducted with somapacitan in rats and 

monkeys for up to 26 weeks, treatment-related proliferative effects were 
attributable to the known proliferative effects of the growth hormone part of 
the molecule. Compare to native hGH, somapacitan binds with lower 
potency to human growth hormone receptor (3-4x lower) and human 
prolactin receptor (8-fold lower).  

b. Human GH is known to cause proliferative and hypertrophic effects in 
rodents due to the difference in receptor activation pattern between rodent 
and human. In rodents, human GH has high affinity for both the 
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endogenous growth hormone receptor (GHR) and the prolactin receptor 
(PRLR), while endogenous rodent GH only binds the GHR. Recombinant 
rat GH and recombinant mouse GH were not carcinogenic in two-year 
carcinogenicity studies5.   

c. Epidemiological data from long-term clinical use of Norditropin® and other 
GH containing therapeutics have not demonstrated any association 
between hGH and de novo cancer development6.  

Considering the known growth promoting effects, a statement that GH treatment 
is contraindicated in the presence of active malignancy is included in the labelling 
of currently marketed GH products. The sponsor proposed to include the same 
language in somapacitan label. 

9 Reproductive and Developmental Toxicology
 A fertility and early embryonic development toxicology study in rats was 

conducted at doses of 1, 2 and 4 mg/kg twice weekly in males (4 weeks prior to 
mating until day 14 post mating) and females (2 weeks prior to paring, during 
paring until 7 days after mating). There were no treatment related findings in 
pre-coital interval, mating performance, fertility and numbers of implantations, 
resorptions and live embryos at doses up to 4 mg/kg (TK was not assessed. 
AUC0-24h at 4 mg/kg/BIW in the 26-wk rat study was 34.6 and 42 ug.h/ml in 
males and females, respectively).  

 An embryofetal developmental study in rats was conducted at doses of 2, 6 and 
18 mg/kg/day.  To minimize reduction in exposure over repeat-dose treatment, a 
split-dose design was employed so that no animal was dosed more than 4 days.  
Each dose comprised 3 cohorts, dosed on Days 6-9, Days 10-13 or Days 14-17 
after mating, respectively. Treatment-related findings included increased body 
weight gain and enlarged spleen in high dose dams. Increased fetal weight, and 
increased incidences of short/bent/thickened long bones and medially thickened 
/kinked ribs were observed in litters from dams in the 18 mg/kg/day group. 
These skeletal changes were considered minor variations, as they were 
transient and resolved during the postnatal development. The NOAEL was 18 
mg/kg/day (AUC0-24h 701 mcg.h/mL) for maternal toxicity and 6 mg/kg/day (dam 
AUC0-24h of 83 mcg.h/mL) for fetal toxicity based on the skeletal findings. 

The split-dose design allowed higher systemic exposure but may have missed 
potential toxicities resulting from accumulated effects over the entire 
organogenesis period. In the safety margin calculation, the applicant factored in 

5 Farris GM., et al. Recombinant rat and mouse growth hormones: risk assessment of carcinogenic potential in 2-
year bioassays in rats and mice. Toxicol Sci. 2007;97(2):548-61.
6 Allen DB., et al. GH safety workshop position paper: a critical appraisal of recombinant human GH therapy in

children and adults. Eur J Endocrinol. 2016;174(2):P1-9.
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the short exposure duration by comparing rat AUC0-24h with human AUC0-168h.  
This reviewer agrees with the applicant’ calculation as it is more conservative.        

 An embryofetal developmental study in rabbits was conducted at doses of 1, 3 
and 9 mg/kg/dose/2 days throughout gestations days 6 to 18.  There were no 
significant treatment-related maternal findings.  Fetal findings were primarily 
decreased fetal weights, decreased placental and litter weights, and increased 
incidence of incompletely ossified/unossified metacarpals phalanges.  The 
NOAEL for embryo-fetal development was 1 mg/kg/dose based on reductions in 
fetal weight that exceeded 10% of control at ≥3 mg/kg/dose. No AUC data were 
obtained in this study.  Systemic exposure data from a rabbit dose ranging study 
on embryofetal developmental toxicology can be referenced where doses of 0.4, 
9, 15 and 25 mg/kg/dose were used (Study # 211296).

 In a pre- and postnatal developmental study in rats, somapacitan was 
administered to pregnant rats at doses of 4, 9 or 18 mg/kg twice weekly from 
Gestation Days 6 to 20, and from Lactation Days 1 to 18.  The F1 generation 
received no direct administration of test substance. In dams, increases in 
maternal body weight and food consumption, and slightly reduced live birth 
index (high dose, 97.5%; control, 100%) were observed. In offspring, increased 
incidence of dilated renal pelvis was observed at all doses on post-natal day 21, 
with higher incidence at the high dose. However, the incidence of kidney 
findings in adult F1 (sacrificed at 14 days after mating, approximately 13 weeks 
of age) was only slightly higher in treated rats as compared to control rats, 
suggesting reversibility of this finding (Table 12).  Other findings in offspring 
were limited to failed vaginal opening (one pup from HD dam) and acyclic 
estrous (2 pups).  Maternal systemic exposure was dose related, and generally 
reduced over time except at the high dose where exposure remained relatively 
stable throughout the treatment period.  F1 offspring exhibited no detectable 
plasma level (LLOQ=60.0 ng/mL).  The NOAELs were 18 mg/kg (AUC0-48h value 
of 1210 mcg.h/mL) for maternal toxicity and 9 mg/kg (AUC0-48h of 252 mcg.h/mL) 
for offspring toxicity.       
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Table 12: Incidence of kidney findings in F1 offspring

F1 offspring renal pelvic dilation at PND21 
 number of offspring (litter) affected

 Group 1 Group 2 Group 3 Group 4
Dose, mg/kg/occasion 0 4 9 18

Number of pups (litters) examined* 125 
(21)

132 
(22)

128 
(22)

119 
(22)

Unilateral/bilateral dilated renal pelvis 2 (2) 7 (5) 6 (4) 13 (8)
% pups affected 1.60% 5.30% 4.90% 10.90%

F1 offspring renal pelvic dilation at 14 days after mating (13 weeks of age) 
Number of animals examined (20/sex) 40 40 40 40
Pelvic dilatation 2 0 3 3
% pups affected 5% 0% 7.50% 7.50%

* based on submission of 2/3/2020, with additional 2/sex spare pups included.

10 Special Toxicology Studies
1. Local tolerability studies

Rabbits administered a single dose of Somapacitan 12 mg (1.2 mL) by intravenous, 
intramuscular and intraarterial routes exhibited no remarkable macroscopic or 
microscopic findings at the injection sites at Day 4 post-dose, compared to saline 
control. 

2. Quantification of Ki67 positive cells in liver tissues (studies 211425 and 213066)

Ki-67 is a nuclear protein associated with cellular proliferation. To determine the 
proliferation of liver cells in animals treated with Somapacitan, liver sections from the 
13- and 26-week monkey studies (Study 210471212203, respectively) were 
immunohistochemically stained for Ki-67 cells and quantitated for proliferation index 
(proliferation labelling index (L.I.) = (Total number of Ki67 positive stained 
hepatocytes)/(Total number of hepatocytes counted)) x 100).  The study results 
demonstrated that Somapacitan treatment did not increase liver cell proliferation 
Tables 13 and 14).

Table 13: Geometric mean values of L.I. (Study 211425, 13-week, daily dosing) 

Table excerpted from Applicant’ submission
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Table 14: Geometric and arithmetic means of L.I. (Study 213066, 26-week, twice 
weekly dosing) 

Table excerpted from Applicant’ submission

3. Container closure system

The primary container closure system is a cartridge made of colorless glass  
 defined in USP (type 1).  .   

At the one end of the closure is a cap with a rubber disc which  
 is in 

contact with the drug product.  At the opposite end of the cartridge, there is a  
rubber plunger  

.  

Extractable and leachable studies for the container closure system were conducted.  
The study methods are considered adequate and the data are reliable per the CMC 
review team.  A total of ten leachables and interaction products among leachables and 
formulation components were observed (Table 15).
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Table 15: Observed leachables, CAS number, maximum concentration and source 
material

   Table excerpted from Applicant’ submission
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Based on a MRHD of 8 mg/1.2mL/week (10 mg/1.5 mL per cartridge), the maximum 
human exposures to the leachables are calculated (Table 16).

Table 16: Maximum observed leachable concentrations and human exposure

  
The safety evaluation was conducted based on the following acceptance thresholds:

 1.5 mcg/day for mutagenic compounds, according to ICH M7(R1) guidance
 1.5 mcg/day ×50% uncertainty of analytic determination for unknown 

compounds (Norwood7)
 5 mcg/day for all other compounds (sensitizers or those with insufficient data 

to establish a permissible daily dose)

7 Norwood, D. J. et al. (2008): “Best practices for Extractables and Leachables in Orally Inhaled and Nasal Drug 
Products: An overview of the PQRI Recommendations”.  Pharm Res 25, 727-73
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Table 17: Toxicological risk assessment of leachables and interaction products in 
the somapacitan drug product 

     Table excerpted from Applicant’ submission

As human daily exposures of the leachables are all below 1.5 mcg/day, this reviewer 
agrees there is no safety concern for any of these leachables.
    

11 Integrated Summary and Safety Evaluation
Somapacitan is a long acting human growth hormone (hGH) consisting of a single point 
mutation in the hGH back bone (L101C) attached to an albumin binding moiety that 
noncovalently binds to albumin in vivo. Such binding extends the compound half-life and 
allows once weekly administration. The clinical indication is replacement of endogenous 
GH in adults with growth hormone deficiency (GHD). In comparison, approved hGH 
products contain the identical sequence of 191 amino acids constituting the naturally 
occurring pituitary human growth hormone and are administered daily. Hence, 
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somapacitan represents primarily a product of convenience allowing for less frequent 
dosing.

 Somapacitan binds to human growth hormone receptor and human prolactin 
receptor, as well as to human serum albumin in vitro. Pharmacological effects in 
vivo included body weight gain and increases in IGF-1 levels in 
hypophysectomised rats.

 Safety pharmacology studies in monkeys showed that somapacitan has no 
remarkable effects on the CNS, cardiovascular and respiratory systems.  Also, 
somapacitan was negative in an hERG assay.

 ADME:  subcutaneous bioavailability was 36% in rats and 69% in monkeys. 
Following a s.c. dose of radiolabeled somapacitan, drug substance derived 
radioactivity was distributed widely, with the highest levels observed in the kidney 
and urinary bladder content. In pregnant rats, the radioactivity was detected in all 
analyzed fetal tissues.  In lactating rats, milk secretion of somapacitan-related 
material was observed, with a milk/plasma concentration ratio up to 0.5.  
Somapacitan binds to plasma proteins (>99%) in all species tested (mouse, rat, 
pig, monkey and human).

Minimum metabolism of somapacitan was observed in incubation with 
cryopreserved hepatocytes from mice, rats, monkeys and humans. The in vivo 
metabolic profile was similar in rats, monkeys, and humans.

Following a dose of radiolabeled somapacitan in rats and monkeys, unchanged 
somapacitan was the principal component in 2-36 hour plasma samples (36-92% 
total radioactivity AUClast).  

Excretion is mainly through urine in forms of metabolites.

 General toxicology and reproductive toxicology.
o Subcutaneous general toxicity studies up to 26 weeks in duration were 

conducted in rats and monkeys.  The rats were more sensitive than the 
monkeys.  In addition to growth hormone-related hypertrophy/hyperplasia 
in a wide range of tissues, rats exhibited treatment-related diabetes and 
chronic progressive nephropathy. The diabetes was associated with 
premature sacrifice in some animals. Findings in monkeys were limited to 
thymic atrophy and mammary gland hypertrophy.  Safety margins at the 
MRHD of 8 mg/week were 11x and 6963x based on the NOAEL in 26-
week studies in rats and monkeys, respectively, based on AUC. See 
Table 18.

o In a standard battery of reproductive toxicology studies, there were no 
effects on fertility in rats. In embryofetal development studies, 
somapacitan increased the incidence of short/bent/thickened long bones 
in rats at 18 mg/kg/day when administered during Gestation Days 10-13 
and/or Days 14-17 and reduced fetal weight (>10%) in rabbits at ≥ 3 
mg/kg.  Based on these findings, the NOAEL was defined as 6 mg/kg/day 
in rats and 1 mg/kg/2 days in rabbits, representing 31x and 12x safety 
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margins at the MRHD of 8 mg/week, respectively, based on AUC. In a 
pre- and post-natal development study, pregnant rats were given 
somapacitan from gestation day 6 to lactation day 18. The findings in 
offspring included increased incidence of renal pelvic dilatation on PND 
21, reversible, and a few incidences of failed vaginal opening and acyclic 
estrous in female pups.  The NOAEL for offspring was 9 mg/kg/twice per 
week, 275-fold of MRHD on an AUC basis.  See Table 19. 

o No carcinogenicity studies were conducted. Somapacitan was negative in 
a standard battery of genotoxicity studies and the albumin binder and 
hydrophilic spacer component of somapacitan were predicted to be 
negative for bacterial mutagenicity based on a QSAR analysis. 

 There are no impurities of concern in the drug substance and drug product. 

 Leachables and extractables from the container closure system are acceptable.  
The study methods for leachables and extractables were confirmed to be 
acceptable by the CMC review team.  A total of 10 leachables were detected and 
were all below the 1.5 mcg/day threshold for human exposure.   

     

Table 18. Safety Margins for General Toxicity

 NOAEL

Toxicology study Dose
AUC0-168h, 
mcg.h/mL

Safety 
margin Basis

2-w: 0.4, 2, 9 mg/kg/day M +F 9 mg/kg/day 295 110x  
M 0.4 mg/kg/day 50* 19x13-w: 0.4, 2, 9 

mg/kg/day F 2 mg/kg/day 54 20xRat 

26-w: 1, 2, 4 mg/kg; 2x 
weekly

M+F 2 mg/kg, 2x 
weekly

30 11x

diabetes 
complications 
and kidney 
damage

2-w: 0.4, 2, 9 mg/kg; 2x, 
weekly

M+F 9 mg/kg, 2x 
weekly 17780 6634x

13-w: 0.4, 2, 9 mg/kg; 2x 
weekly

M+F 9 mg/kg, 2x 
weekly 18800 7015xMonkey

26-w: 0.4, 2, 9 mg/kg; 2x 
weekly

M+F 9 mg/kg, 2x 
weekly 18660 6963x

no significant 
toxicities

Clinical AUC0-168h = 2680 ng.h/mL at MRHD 8 mg/week for a human with 85 kg body weight 
* based on Day 1 value as week 13 AUC was not available   
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Table 19. Safety margins for reproductive and developmental toxicities
Reproductive toxicology study NOAEL AUC0-168h, 

mcg.h/mL
safety 
margin 
(on 
AUC)

Basis 

Rat
Fertility study: 1, 2, 4 mg/kg 
2x weekly 4 mg/kg 77.2a 29x

no remarkable 
findings

Rat EFD study, 2, 6, 18 mg/kg/day 6 mg/kg 83.3b 31x

fetal long bone 
abnormalities at 18 
mg/kg (261-fold 
MRHD) 

Rabbit
EFD study, 1, 3, 9 mg/kg/2 
days 1 mg/kg 33.2c 12x

fetal weight 
reduction more than 
10% at ≥3 mg/kg 
(130-fold MRHDd) 

Rat PPND study, 4, 9, 18 
mg/kg/2x weekly

9 mg/kg 736 275x pup renal pelvic 
dilatation, failed 
vagina opening and 
acyclic estrous at 18 
mg/kg (630-fold 
MRHD on GD16)

AUC0-168h at MRHD 8 mg/week is 2.68 mcg.h/mL for a 85 kg human body; a based on 26-week 
rat study data; b AUC0-24h value instead of AUC0-168h was used considering the animal exposure 
duration of 4 days only; c extrapolated from study 211296 where AUC0-48h at 0.4 mg/kg/2x 
weekly was approximately 3.82 mcg.h/mL. Thus, AUC0-168h at the NOAEL of 1.0 mg/kg is 
estimated to be 33.2 mcg.h/mL considering 2.5x higher dose and 3.5x dosing frequency. d 
based on C12h. The algorithm used here is similar to what the applicant used

Reference ID: 4593900



BLA # 761156 Reviewer: Huiqing Hao, PhD

38

12 Appendix/Attachments
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