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1 Executive Summary 

1.1 Introduction 
Insulin degludec/insulin aspart (IDegAsp) is a co-formulation of the long acting basal 
insulin (IDeg) and the fast-acting prandial insulin (IAsp).  IDeg is reviewed under NDA 
203314.  IAsp was an active component of the marketed products such as 
NovoRapid/NovoLog (NDA 20986) and NovoMix/NovoLog Mix.  The safety and efficacy 
profile of IAsp has been well established, 
 
IDegAsp is intended for once-daily or twice daily sc administration (injection to the 
abdominal wall, the upper arm, or the thigh).  It will be administered with the main 
meals.  IDegAsp will be formulated in one strength of 100 U/ml in a clear and colorless 
solution containing the drug substance 70% IDeg (420 nmol/ml) and 30% IAsp (180 
nmol/ml).  It is intended to be marketed either in a  pre-filled 
disposable PDS290 pen-injector. 
 
The nonclinical development of IDegAsp focused on safety and efficacy evaluation of 
IDeg for which a complete nonclinical development program was conducted (under 
NDA 203314).  Based on ICH M3 guideline on combination medical products, the 
efficacy of IDegAsp had been assessed in primary PD studies as well as tolerance and 
toxicity studies (repeat-dose and Seg II) following sc administration. 
 

1.2 Brief Discussion of Nonclinical Findings 
The non-clinical development of IDegAsp has focused on safety and efficacy evaluation 
of IDeg where a complete non-clinical development program was conducted (submitted 
under NDA 203314).  Few additional studies were conducted to further evaluate the co-
formulation of IDeg and IAsp.   
 

 PD/PK profile 
 
IDeg had a prolonged PK profile due to a slow and continuous delivery of IDeg from a 
sc injection site into the systemic circulation.  By adjusting the Zn concentration in the 
co-formulation of IDeg and IAsp, the long PK profile of IDeg was not affected by the 
rapid absorption of IAsp.   
 

 Tox profile 
 
The single and repeated dose toxicity of insulin degludec were characterized in rats and 
dogs.  The repeated dose toxicity of IDegAsp was further characterized in rats.  In the 
13 week toxicity study in rats (Study No 208337), SIAC 30 or IDegAsp (up to 75 
nmol/kg/day insulin 454 + 32 nmol/kg/day insulin/kg/day) was tolerable.  Reduced 
plasma glucose was the pharmacological action of insulin 454 and insulin aspart, 
resulted in few secondary findings (i.e. increased food intake, body weight gain, and 
adaptive change in water balance, effects upon fatty acid and protein metabolism).  
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These findings were partially or completely recoverable.  There were 3 hypoglycemic-
related deaths (1 HD, 1 NPH, and 1 MD).  Antibody formation was seen with insulin 454 
and insulin aspart but there was no apparent effect on the plasma concentration and 
glucose lowering effect of SIAC30.  The TK profile for both insulins is generally gender- 
and dose-independent, with low accumulation over the 13 weeks of once daily SIAC 30 
administration.  These findings were consistent with those given NPH insulin.  Based on 
these study findings, the NOAEL was determined at 36 nmol/kg/day SIAC 30 (as 25 
nmol insulin 454 + 11 nmol insulin aspart).  In addition, approx 1/3 rats developed 
antibodies towards IDeg or IAsp.  However, these antibodies formed did not influence 
the study outcome of exposure to insulin and there was no inhibition of the glucose 
lowering effect. 
 
The reproductive and development toxicity of insulin degludec were characterized in 
rats and rabbits.  The embryo-fetal development (Seg II) toxicity of IDegAsp was further 
characterized in rats.  In the Seg II study in rats (Study No 208334), treatment with 
IDegAsp did not affect embryo-fetal survival or development.  Decreased maternal food 
consumption and body weight, periparturient maternal hypoglycaemia-related mortality, 
lowered live birth index and viability index, lower offspring body weight, and viability, 
skeletal changes in the offspring and delayed balano preputial separation were all 
considered secondary changes to the expected pharmacological effect on lowering the 
maternal blood glucose levels.  These findings were also observed with IDeg and NPH 
insulin. 
 
The impurities have been qualified in the nonclinical studies for IDeg and IDegAsp.  To 
further qualify drug product related impurities present at end of shelf-life and in-use 
period, a 4 week study in rats comparing the toxicity profile of aged and non-aged 
IDegAsp was conducted.  Only minor differences between aged and non-aged IDegAsp 
were observed (i.e. body weight, hematology, clinical chemistry and organ weights) and 
these were considered incidental. 
 
The local toxicity of IDeg and IDegAsp were both characterized in pig/minipigs and 
rabbits.  The local tissue reaction was mild and comparable to that of vehicle or NPH 
insulin   
 
Based on all the nonclinical studies conducted for IDeg and IDegAsp, IDegAsp did not 
cause any unexpected adverse findings in animals. Therefore, the sc administration of 
IDegAsp should not pose any human safety concern other than hypoglycaemia-related 
adverse effects. 
 

1.3 Recommendations 

1.3.1 Approvability 
Pharm/tox recommends approval. 
1.3.2 Additional Non Clinical Recommendations 
None 
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Suggested by the DMEP 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Category C 
There are no adequate well-controlled clinical studies of the use of insulin 
degludec/aspart in pregnant women.  Patients should be advised to discuss with their 
health care provider if they intend to or if they become pregnant. Because animal 
reproduction studies are not always predictive of human response, insulin 
degludec/aspart should be used during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. It is essential for patients with diabetes or a history of 
gestational diabetes to maintain good metabolic control before conception and 
throughout pregnancy. Insulin requirements may decrease during the first trimester, 
generally increase during the second and third trimesters, and rapidly decline after 
delivery. Careful monitoring of glucose control is essential in these patients. 
 
An open-label, randomized study compared the safety and efficacy of NovoLog (insulin 
aspart, the rapid-acting component of ,  versus human insulin in 
the treatment of pregnant women with Type 1 diabetes (322 exposed pregnancies 
(insulin aspart: 157, human insulin: 165). Two-thirds of the enrolled patients were 
already pregnant when they entered the study. Since only one-third of the patients 
enrolled before conception, the study was not large enough to evaluate the risk of 
congenital malformations. Mean HbA1c of ~ 6% was observed in both groups during 
pregnancy, and there was no significant difference in the incidence of maternal 
hypoglycemia. 
 
Subcutaneous reproduction and teratology studies have been performed with, insulin 
degludec/aspart, and human insulin (NPH) as a comparator in rats.  In these studies, 
insulin degludec/aspart was given to rats during organogenesis.  The effect of , insulin 
degludec/aspart was consistent with those observed with human insulin as both caused 
visceral/skeletal abnormalities in rats at dose of 30 U/kg/day (approximately 8 times the 
human subcutaneous dose of 1.08 U/kg/day based on U/body surface area).  
 
Subcutaneous reproduction and teratology studies have been performed with insulin 
degludec (basal component of insulin degludec/aspart), and human insulin (NPH) as a 
comparator in rats and rabbits.  In these studies, insulin was given to female rats before 
mating throughout pregnancy until weaning, and to rabbits during organogenesis.  The 
effect of insulin degludec was consistent with those observed with human insulin as 
both caused pre- and post-implantation loses and visceral/skeletal abnormalities in rats 
at an insulin degludec dose of 21 U/kg/day (approximately 5 times the human 
subcutaneous dose of 0.75 U/kg/day, ) and in rabbits at a 
dose of 3 U/kg/day (approximately 10 times the human subcutaneous dose of 0.75 
U/kg/day ).  The effects are probably secondary to 
maternal hypoglycemia.   
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Subcutaneous reproduction and teratology studies have been performed with insulin 
aspart, the rapid-acting component of  and regular human insulin 
in rats and rabbits. In these studies, insulin aspart was given to female rats before 
mating, during mating, and throughout pregnancy, and to rabbits during organogenesis. 
The effects of insulin aspart did not differ from those observed with subcutaneous 
regular human insulin. Insulin aspart, like human insulin, caused pre- and post-
implantation losses and visceral/skeletal abnormalities in rats at a dose of 200 U/kg/day 
(approximately 32 times the human subcutaneous dose of 1.0 U/kg/day, based on 
U/body surface area) and in rabbits at a dose of 10 U/kg/day (approximately three times 
the human subcutaneous dose of 1.0 U/kg/day, based on U/body surface area). The 
effects are probably secondary to maternal hypoglycemia at high doses. No significant 
effects were observed in rats at a dose of 50 U/kg/day and in rabbits at a dose of 3 
U/kg/day. These doses are approximately 8 times the human subcutaneous dose of 1.0 
U/kg/day for rats and equal to the human subcutaneous dose of 1.0 U/kg/day for 
rabbits, based on U/body surface area. 
 
8.3 Nursing mothers 
It is unknown whether insulin degludec/aspart is excreted in  in 
human milk. Because many drugs, including human insulin, are excreted in human milk, 
caution should be exercised when Trade Name is administered to a nursing mother. 

 with diabetes who are lactating may require adjustments in insulin dose, meal 
plan, or both.  
 
In rats, the basal component of Trade Name, insulin degludec, was secreted in milk and 
the concentration in milk was  plasma. 
 
 
13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
Standard 2-year carcinogenicity studies in animals have not been performed to evaluate 
the carcinogenic potential of insulin degludec/aspart. 
 
In a 52-week study including human insulin (NPH insulin) as comparator, Sprague-
Dawley rats were dosed subcutaneously with insulin degludec, the basal component of , 
insulin degludec/aspart  at 3.3, 6.7, and 10 U/kg/day, resulting in 5 times the human 
exposure (AUC) when compared to a human subcutaneous dose of 1.08 U/kg/day 
Trade Name. Human insulin was dosed at 6.7 U/kg/day. No treatment-related increases 
in incidences of hyperplasia, benign or malignant tumors were recorded in female 
mammary glands from rats dosed with insulin degludec and no treatment related 
changes in the female mammary gland cell proliferation were found using BrdU 
incorporation. Further no treatment related changes in the occurrence of hyperplastic or 
neoplastic lesions were seen in any animals dosed with insulin degludec when 
compared to vehicle or human insulin. 
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In 52-week studies, Sprague-Dawley rats were dosed subcutaneously with insulin 
aspart, the rapid-acting component of insulin degludec/aspart , at 10, 50, and 200 
U/kg/day (approximately 2, 8, and 32 times the human subcutaneous dose of 1.0 
U/kg/day, based on U/body surface area, respectively). At a dose of 200 U/kg/day, 
insulin aspart increased the incidence of mammary gland tumors in females when 
compared to untreated controls. The incidence of mammary tumors found with insulin 
aspart was not significantly different from that found with regular human insulin. The 
relevance of these findings to humans is not known. 
 
Genotoxicity testing of insulin degludec was not performed.  Insulin aspart was not 
genotoxic in the following tests:  Ames test, mouse lymphoma cell forward gene 
mutation test, human peripheral blood lymphocyte chromosome aberration test, in vivo 
micronucleus test in mice, and ex vivo UDS test in rat liver hepatocytes.   
 
In a combined fertility and embryo-fetal study in male and female rats, treatment with 
insulin degludec up to 21 U/kg/day (approximately 5 times the human subcutaneous 
dose of 0.75 U/kg/day, based on U/body surface area) prior to mating and in female rats 
during gestation had no effect on mating performance. 
 
In fertility studies with insulin aspart (Novolog) in male and female rats, at subcutaneous 
doses up to 200 U/kg/day (approximately 32 times the human subcutaneous dose, 
based on U/body surface area), no direct adverse effects on male and female fertility, or 
general reproductive performance of animals was observed. 
 

2 Drug Information 

2.1 Drug 
CAS Registry Number     844439-96-9 (IDeg) and 116094-23-6 (IAsp) 
 
Generic Name     insulin degludec and insulin aspart 
 
Code Name    Insulin 454/insulin aspart, SIAC and NN5401 
 
Chemical Name      

    
 
Molecular Formula/Molecular Weight     C274H411N65O81S6 (610 ) and 
C256H381N65O79S6 (5825.8) 
 
Structure or Biochemical Description 
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2.7 Regulatory Background 
Timeline: 

 March 2008 – IND submission 
 Feb 2009 – EOP2 meeting 
 June 2011 – pre-NDA meeting 
 Sept 2011 – NDA submission 

3 Studies Submitted 

3.1 Studies Reviewed  
PHARMACOLOGY 
Study 6ulr051108-100-mar-2006: clamp study in pigs 
Study ars-23-aug-2005: additive effect of the combo 
Study UIR060904-0100 feb 2007: clamp study in pigs 
 
PK/TK 
Study 204383: absorption I in pigs 
Study 205053: absorption II in pigs 
Study 205220: absorption III in pigs 
Study 205419: absorption IV in pigs 
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TOXICOLOGY 
Study 208289: 4 week toxicity study in rats 
Study 208337: 13 week toxicity (pivotal) study in rats 
Study 208333: Seg II DRF rat 
Study 208334: Seg II (pivotal) rat 
Study 210228: 4-wk rat study for impurities 

3.2 Studies Not Reviewed  
Studies also included in NDA 203314 (IDeg) were not reviewed again here. 

3.3 Previous Reviews Referenced 
Some PD/PK/Tox studies were reviewed under IND73198 (IDegAsp) and NDA 203314 
(IDeg). 
 

4 Pharmacology 

4.1 Primary Pharmacology 
See NDA 203314 for IDeg. 
 
Note:  3 PD studies for IDegAsp were described here in details: in vitro and in 
vivo (clamp) studies. 
 
Study No 6ulr051108-100-mar-2006: clamp pig 
PK/PD profiles of insulin 454/insulin aspart combinations. euglycaemic clamp in pigs [by 
Novo Nordisk] 
 
Study design:  This non-GLP study was to demonstrate the combination of a once daily 
basal insulin analog (insulin 454) with insulin aspart, without interfering with the 
individual activity profiles.  In this study, 8 LYD-pigs were given test articles on 3 
separate days with an interval of 1 week, in random order 3 different treatments 
according to the dosing schedule (see tables below).  The insulin injections were given 
subcutaneously as 1 depot for combinations or 2 depots when insulin 454 and aspart 
injections were separated.  Glucose was infused with variable rate to maintain 
euglycemia.  Plasma glucose was measured at regular intervals (approx. 60 min to 24 
hr).  Blood samples were drawn and analyzed for insulin 454 (specific ab), insulin aspart 
(specific ab) and c-peptide.   
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Findings: 

 At a 1:8 ratio of insulin aspart/insulin 454 in a formulation containing 6 zinc+6 insulin 
454, no interference with the individual GIR or PK profiles was observed.  However, 
at a 1:8 ratio of insulin aspart/insulin 454 in a formulation 3.38 zincs/6 insulin 454, 
significant interference with the individual action and PK profiles was observed. 

 Protraction of insulin 454 becomes more pronounced with higher zinc and higher 
insulin 454 concentration. 

 Insulin 454 can be formulated as a once-daily insulin. 
 

Figure 1  Study No 6ulr051108-100-mar-2006 – Action/PK Profiles of Insulin 454 
and/or Insulin Aspart  
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Study No ars-23-aug-2005: additive effect of combo 
Additive effect of combinations of insulin 454 and human insulin or insulin aspart [by 
Novo Nordisk] 
 
Study design:  This non-GLP study is to determine whether combinations of insulin 454 
and human insulin or insulin aspart was additive in effect.  Primary rat adipocytes were 
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incubated with combinations of insulin 454 and human insulin or insulin aspart.  The 
ligopgenic effect was measured.  This in vitro experiment had a compete factorial 
design of 8 dose levels of insulin 454 mixed with human insulin or insulin aspart. 
 

 
 
Findings: 

 The lipogenic response in primary rat adipocytes after 2 hrs stimulation with 
combinations of insulin 454 and human insulin or insulin aspart revealed no 
significant interaction between the ligands. 

 The interaction parameter δ was in the combined result not different from 0, so 
neither synergism nor antagonism could be detected. 

 The effect of having two different insulins would be additive.  The apparent potency 
of insulin 454 depends on the concentration of albumin present during incubation.  
An increased amount of albumin would bind more insulin 454 and resulted in a lower 
amount of insulin 454 available (i.e. reduced potency of insulin 454) for insulin 
receptor binding. 

 

Table 1  Study No ars-23-aug-2005 - The Effects of Having Insulin 454 and Insulin 
Aspart Co-formulated in the Presence of Albumin  
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Study No UIR060904-0100 Feb-2007: clamp pig 
Action profile of a SIAM 50/50 in a euglycaemic clamp in pigs [by Novo Nordisk] 
 
Study design:  This non-GLP study was to characterize an equipotent once daily basal 
insulin 454 and in addition to show if this insulin 454 could be used in neutral soluble 
combined formulation with fast acting insulin aspart without blunting the individual 
activity.  Eight female LYD-pigs were given three treatments (SIAM 50/50, 300 nmol/ml 
insulin aspart + 300 nmol/ml insulin 454, 600 nmol/ml insulin aspart + 600 nmol/ml 
insulin 454) in random order.  There were 5 insulin formulations used in this study.  See 
table below.  Plasma samples were drawn for glucose and insulin determination and a 
glucose solution was infused at variable rate (0-24h) to maintain fasting plasma glucose 
level. 
 

 
 

 

Reference ID: 3140206





NDA#:  NDA 203313 (Insulin 454 + Insulin Aspart)        Reviewer:  Miyun Tsai-Turton 
 

24 

 

 
 

Figure 2  Study No UIR060904-0100 Feb-2007 - Glucose Infusion Rats and Plasma 
Insulin Aspart or Insulin 454 Profiles after sc Administration of Aspart/Insulin 454 
Co-formulation 
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4.2 Secondary Pharmacology 
 
See NDA 203314 for IDeg. 
 

4.3 Safety Pharmacology 
 
See NDA 203314 for IDeg. 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
See NDA 203314 for IDeg. 
 
Note:  4 PK studies for IDegAsp in pigs were described here in details. 
 
Absorption 
Study No 204383:  PK in pigs (I) 
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Pharmacokinetics of insulin aspart and insulin 454 after sc administration in pigs of 
mixtures of the two insulin analogues (I) [by Novo Nordisk] 
 
Study design:  This non-GLP study was to evaluate the PK of insulin aspart (600 μM) 
with insulin 454 (857 μM), in proportions of 30% insulin aspart compared to insulin 
aspart alone.  This study also evaluated the effect of increasing pH and determined the 
PK of insulin 454 in presence of insulin at increasing pH and alone at 3 and 4 Zn per 6 
insulin 454.  There were 5 preparations administered to 8 pigs in a cross over design.  
The insulin aspart was 0.9 nmol/kg.  The administration was performed with a 
NovoPen® 3.0 with a 28G needle mounted with a stopper allowing the needle to be 
introduced 5 mm.  Blood was sampled at 0, 20, 40, 60 min, and 1.5, 2, 2.5, 3, 4, 5, 6, 8, 
12, and 24 hrs following dosing. 
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Findings: 

 The PK parameters of insulin aspart showed no statistically significant difference as 
to tmax, Cmax, plasma half-life, AUC, V/F, CL/F, or MRT when administered from 
formulation A (insulin aspart co-formulated with insulin 454 containing 3 Zn/6 insulin 
454 at pH 7.5), from formulation B (same with formulation A except at pH 7.9), or 
formulation E (reference containing 3 Zn/insulin aspart at pH 7.5). 

 The PK parameters of insulin 454 following sc administration to pigs of 3.0 nmol/kg 
insulin 454 showed 1) sc absorption and elimination from plasma, and 2) no 
significant difference as to tmax, Cmax, plasma half-life, AUC, V/F, CL/F, or MRT when 
administered from formulation A (insulin aspart co-formulated with insulin 454 
containing 3 Zn/6 insulin at pH 7.5) when compared to formulation C (insulin 454 
alone containing 3 Zn/6 insulin at pH 7.5). 

 The data showed that absorption and elimination from plasma of insulin aspart 
seemed unaffected by presence of insulin 454, of the Zn level being 3 or 4 Zn/6 
insulin 454, or the pH being 7.5 or 7.9.  Similarly, absorption and elimination from 
plasma of insulin 454 seemed unaffected by presence of insulin aspart, of the Zn 
level being 3 or 4 Zn/6 insulin 454, or the pH being 7.5 or 7.9 

 

Table 3  Study No 204383 - PK Profiles of Insulin Aspart and Insulin 454 after SC 
Administration  
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 When compared the PK profiles for two insulin analogues, insulin aspart and insulin 
454, the absorption and elimination of insulin aspart took place within the 1st 4 hrs 
following sc administration, while insulin 454 was circulating still 24 hrs following 
administration. 

 These two insulins distributed differently.  Insulin aspart had a smaller fraction 
appearing in blood plasma (i.e. moderated Vd and high CL) and relatively low 
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plasma concentration (698 pM ± 492 pM).  Insulin 454 was present in plasma (i.e. 
smaller Vd and low CL) and high plasma concentration values (3674 pM ± 701 pM), 
which complied with the relatively high albumin binding of insulin 454. 

 
Study No 205053:  PK in pigs (II) 
Pharmacokinetics of insulin aspart and insulin 454 after sc administration in pigs of 
mixtures of the two insulin analogues (II) [by Novo Nordisk] 
 
Study design:  This GLP study was to evaluate the PK of insulin aspart and insulin 454 
when co-administered as a mixture (0.9 nmol/kg insulin aspart and 3.0 nmol/kg insulin 
454) at pH 7.5 and pH 7.9.  This study also evaluated a mixture of 0.9 nmol/kg insulin 
aspart and 1.5 nmol/kg insulin 454 at 3 and 4 Zn per 6 insulin 454, compared to insulin 
aspart alone at 3 Zn per 6 insulin 454 after sc dosing in pigs.  There were 5 
preparations administered to 8 pigs in a cross over design.  The insulin aspart was 0.9 
nmol/kg.  The administration was performed with a NovoPen® 3.0 with a 28G needle 
mounted with a stopper allowing the needle to be introduced 5 mm.  Blood was sampled 
at 0, 20, 40, 60 min, and 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, and 24 hrs following dosing. 
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Findings: 

 The PK parameters of insulin aspart showed no statistically significant difference as 
to tmax, Cmax, plasma half-life, AUC, V/F, CL/F, or MRT when administered from 
formulations I-IV. 

 The absorption and elimination from plasma of insulin aspart seemed unaffected by 
presence of insulin 454 when co-formulated (180 μM + 600 μM) in TRIS buffer 
containing 4 Zn/6 insulin at pH 7.5 and pH 7.9 respectively, and co-formulated (300 
μM + 500 μM) in TRIS buffer with 3 and 4 Zn/6 insulin respectively at pH 7.5, in 
comparison with insulin aspart from conventional 3 Zn, glycerol phosphate buffered 
formulation. 

 The PK parameters of insulin 454 showed that formulations I and II had a non-
significant change at 4 Zn per 6 insulins from pH 7.5 to 7.9 (more “flat” plasma 
concentration time profile, with lower Cmax and slightly longer half life).  The 
administration of insulin 454 (1/2 the amount compared to that from formulations I/II) 
in presence of increased amounts of insulin aspart at pH 7.5 from formulations III/IV, 
likely resulted in more flat and protracted plasma concentration time profiles.  The 
AUC following administration of insulin 454 at 1.5 nmol/kg were proportionally in 
agreement with those being obtained following administration of 3.0 nmol/kg. 

Table 4  Study No 205053 - PK Profiles of Insulin Aspart and Insulin 454 after SC 
Administration  
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Study design:  This GLP study was to evaluate the PK of insulin aspart and insulin 454 
after sc administration of a mixture of 0.9 nmol/kg and 3.0 nmol/kg respectively, at pH 
7.5 and pH 7.9.  This study also evaluated a mixture of 0.9 nmol/kg insulin aspart and 
1.5 nmol/kg insulin 454 at 3 and 4 Zn per 6 insulin 454, compared to insulin aspart 
alone at 3 Zn per 6 insulin 454 after sc dosing in pigs.  There were 6 preparations 
administered to 8 pigs in a cross over design.  The insulin aspart was 0.9 nmol/kg 
where as the insulin 454 was 3.0 nmol/kg or 1.5 nmol/kg.  The administration was 
performed with a NovoPen® 3.0 with a 28G needle mounted with a stopper allowing the 
needle to be introduced 5 mm.  Blood was sampled at 0, 20, 40, 60 min, and 1.5, 2, 2.5, 
3, 4, 6, 8, 12, 24, 30 and 48 hrs following dosing. 
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Findings: 

 The PK of insulin aspart was marginally affected by the difference in pH in 
formulation I (pH 7.5) and formulation II (pH 7.9).  The values of AUC and CL/f were 
marginally affected, with higher AUC or lower CL/f with increasing pH. 

 In contrast, the PK of insulin 454 was not affected by the difference in pH in 
formulations I and II. 

 The PK of insulin aspart and insulin 454 was not affected by difference in buffer, 
observed when compared formulation II (phosphate buffer) and formulation III (TRIS 
buffer) 

 The administration of insulin 454 (formulation IV with half the dose administration 
from half the concentration compared to that of formulation I) did have an effect on 
the PK of insulin aspart, resulting in non-significant lower plasma levels (significant 
lower apparent Vd) for insulin aspart.  However, plasma Cmax and half life were not 
significantly affected. 

 The PK of insulin apart was not affected by the presence of insulin 454, comparing 
formulations I and V). 

 The PK of insulin 454 was not affected by the presence of insulin aspart, comparing 
formulation I and VI (except Tmax). 

 

Table 5  Study No 205220 - PK Profiles of Insulin Aspart and Insulin 454 after SC 
Administration 
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Study No 205419:  PK in pig (IV) 
Pharmacokinetics of insulin aspart and insulin 454 after sc administration in pigs of high 
and low mixtures (with 3 and 6 Zn per 6-insulins) of the two insulin analogues (III) [by 
Novo Nordisk] 
 
Study design:  This GLP study was to evaluate the PK of insulin aspart and insulin 454 
after sc administration of a mixture of 0.9 nmol/kg and 7.3 nmol/kg, with 3.4 Zn and 6 Zn 
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per 6 insulin 454, respectively.  This study also evaluated a mixture of 0.9 nmol/kg 
insulin aspart and 3.0 nmol/kg insulin 454 with 3.9 Zn and 6 Zn per 6 insulin 454, 
respectively.  Two reference formulations were also given.  There were 6 preparations 
administered to 8 pigs in a cross over design.  The insulin aspart was 0.9 nmol/kg 
where as the insulin 454 was 7.3 nmol/kg or 3.0 nmol/kg.  The administration was 
performed with a NovoPen® 3.0 with a 31G needle mounted with a stopper allowing the 
needle to be introduced 5 mm.  Blood was sampled at 0, 15, 30, 45, 60 min, and 1.5, 2, 
2.5, 3, 4, 6, 8, 12, 24, 30 and 48 hrs following dosing. 
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Findings: 
 The PK of insulin aspart (independent of Zn or high mix or low mix insulin 
aspart/insulin 454 ratio from insulin 454) was not affected following administration of 
mixtures of insulin aspart/insulin 454 to pigs. 

 The PK of insulin 454 (independent of Zn or high mix or low mix insulin aspart/insulin 
454 ratios from insulin aspart) was only marginally affected following administration 
of mixtures of insulin aspart and insulin 454 to pigs. 

 Mean residence time from insulin 454 delivered from reference was marginally 
longer (11.5±1.7 vs. 10±1.2 hr in comparison with insulin 454) when delivered from 
the low mix formulation with 6 Zn per 6 insulin. 

 

Table 6  Study No 205419 - PK Profiles of Insulin Aspart and Insulin 454 after SC 
Administration  
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insulin 454 and insulin aspart respectively).  SIAC 30(B) was provided in  
 (vials) containing 420 nmol/ml insulin 454, whereas SIAC 45(B) was provided 

in the same vial type where the concentration was 330 nmol/ml insulin 454. 
 
The Wistar rats were given test articles over a period of 5 weeks by sc administration.  
The control group received the vehicle at the same dose volume of 0.5 mg/kg body 
weight.  For TK analysis, the blood samples were collected from TK animals.  During 
the study, the clinical condition (twice daily), body weight (twice weekly), food 
consumption (weekly), hematology (end of the 4-week), blood chemistry (end of the 4-
week), plasma glucose determination (Days 1 and 29), TK (Days 1 and 29), organ 
weight (end of the 4-week), macropathology, and limited histopathology were done. 
 

 
 
Findings: 

 Mortality/clinical signs: 
For SIAC 30(B), MD and HD males were underactive approx. 1 hr after dosing on Day 
2.  In addition, there was 1 MD male and 6 HD males had hypoglycaemic shock 
(prostration, underactivity, and poor righting reflex) on Day 8 or 15, resulting in 
euthanasia of one of the HD males on Day 8. 
 
For SIAC 45(B), all animals were underactive approx 1 hr after dosing on Day 2.  One 
MD male had hypoglycemia shock on Days 8 and 9, resulted in a premature sacrifice on 
Day 9. 
 

 Body weight/food consumption: 
For SIAC 30(B), body weight gains were seen in all treated groups, particularly in 
males, in a dose-dependent manner.  The effect on body weight occurred throughout 
the treatment period in males but was confined to the latter part of the treatment period 
in females.  Food consumption was high throughout the treatment period for HD 
animals and in Weeks 1 and 3 for MD males. 
 
For SIAC 45(B), body weight gains were seen in males at all doses, which occurred 
consistently throughout the treatment period at MD or HD and from Day 8 at LD.  
Females, however, were not affected.  There was no effect upon food consumption. 
 

 Hematology:   
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For SIAC 30(B), slightly lower lymphocyte counts were seen in HD animals and slightly 
lower neutrophil and eosinophil counts were observed in females in all dose groups, 
resulting in low total WBC counts in HD animals. 
 
For SIAC 45(B), slightly low lymphocyte counts were seen in HD males and slightly low 
neutrophil and eosinophil counts were observed in females at all dose, resulting in slight 
low total WBC counts in HD males and HD females. 
 

 Clinical chemistry: 
For SIAC 30(B), low triglyceride concentrations were seen in HD males and in females 
at all doses, in a dose-dependent manner.  High phosphorus concentrations were 
detected at all doses.  Low sodium and chloride, as well as α-1 globulin levels were 
observed in MD and HD females. 
 
For SIAC 45(B), low triglyceride levels were seen in MD or HD males and in females at 
all doses.  High phosphorus levels were seen in all doses.  Low α-1 globulin levels were 
seen in HD females.  Reduced total protein concentrations were observed in HD 
animals, particularly in females. 
 

 Glucose analysis: 
For SIAC 30(B), reduced plasma glucose levels at all doses and at intervals after dosing 
on Days 1 and 29.  This was dose-dependent in extent and duration of effect, attributed 
to the pharmacological action of the test article. 
 

 Organ weight: 
For SIAC 30(B), liver weights were slightly reduced at all doses.  Axillary lymph node 
weights were marginally higher in MD and HD males. 
 
For SIAC 45(B), liver weights were slightly reduced at all doses.  Axillary lymph node 
weights were marginally high in MD or HD males.  Spleen weights were low in HD 
males. 
 

 Histological findings: 
There were no treatment-related macroscopic or histopathological findings with either 
SIAC 30 or SIAC 45. 
 

 Dose formulation analysis: 
Samples were ranged between -12 and +5% of nominal concentrations. 
 

 TK analysis:   
All satellite animals dosed with SIAC 30 and SIAC 45 were systemically exposed to 
insulin 454 and insulin aspart during the study.  The TK profiles of insulin 454 and 
insulin aspart appeared to be generally gender and dose independent over the studied 
dose-range, although there was a tendency of a larger increase in exposure compared 
to the corresponding increase in dose observed for insulin aspart between the mid-dose 
(Groups 3 and 6) and high dose (Groups 4 and 7).  There was little accumulation to 
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either insulin 454 or insulin aspart (< 2 fold) after once daily dosing for 29 days.  This 
was consistent with the apparent rapid systemic elimination of these insulins. 
 
For insulin 454, Cmax were generally reached at 3 hrs after dose and were similar for 
SIAC 30 and SIAC 45 on both Days 1 and 29.  The t ½ was generally 3 hrs after a 
single dose of either SIAC 30 or SIAC 45.  After once daily sc dosing, a slightly longer 
half-life was observed on Day 29 (approx 4-5 hrs). 
 
For insulin aspart, Cmax were observed at 1 hr for all rats on both Days 1 and 29.  The 
vast majority of insulin aspart appeared to be cleared systemically by 3 hrs post dosing, 
despite a relatively long terminal phase seen for several profiles between 3-24 hrs post 
dose.  There was no explanation for such long phase, although It did not seem to have 
an influence on the total exposure of insulin aspart. 
 

Table 7  Study No 208289 - TK Profiles of Insulin Aspart and Insulin 454 on Days 1 
and 29 after daily sc Administration of SIAC30 or SIAC 45 for 4 Weeks to Rats  
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Study No 208337 (PIVOTAL): 13 wk rat (4 wk recovery) 
Study title:  SIAC 30 - Toxicity study by subcutaneous administration to Han 
Wistar rats for 13 weeks followed by a 4 week recovery period 

Study no.: 208337 
Study report location: Novo Nordisk, Denmark 

Conducting laboratory and location:  
Date of study initiation: Jan 9  2009 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: 412_N08702 (purity for insulin 454: 
99.0% and purify for insulin aspart: 
98.6%) 

 
Key study findings 
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 Daily sc administration of SIAC30 was tolerated at doses up to 75 nmol/kg/day 
insulin 454 + 32 nmol/kg/day insulin aspart.  The dose selection was based on 4 
week DFR study in rats. 

 Three animals had hypoglycaemic shock: 1 HD insulin 454 and 1 insulin NPH, and 1 
MD insulin 454 (eventually died).  These were all attributed to exaggerated 
pharmacological effect of insulin. 

 Treatment-related effect on reduced plasma glucose was associated with the 
pharmacological effect of insulin 454 and insulin aspart, leading to secondary 
findings, including increased food intake, body weight gain, adaptive change in water 
balance, and effects on fatty acid and protein metabolism.  All these findings were 
partially recoverable. 

 There were antibody formation towards insulin 454 and insulin aspart, there were no 
apparent effect on the plasma concentration vs. time profiles or glucose lowering 
effect of SIAC30.  The PK profile of SIAC30 was generally sex and dose 
independent for both insulin 454 and insulin aspart (with daily sc administration for 
13 weeks). 

 Based on 1 death (satellite female) at MD group and hypoglycaemia-related clinical 
signs at MD/HD groups, the NOAEL was established at 36 nmol/kg/day IDegAsp.  
Note:  the applicant established the NOAEL as 107 nmol/kg/day IDegAsp (75 
nmol/kg/day insulin 454 + 32 nmol/kg/day insulin aspart). 

 
Methods 

Doses: 0, 50, 100, and 150 nmol/ml 
Frequency of dosing: Once daily 

Route of administration: Sc injection 
Dose volume: 0.5 ml/kg/day 

Formulation/Vehicle: Phenol 1.50 mg/ml, m-cresol 1.72 mg/ml, 
glycerol 19.0 mg/ml, sodium chloride 0.58 mg/ml 
and water for injection , pH 7.40 

Species/Strain: Han Wistar rats 
Number/Sex/Group: 10/sex/group 

Age: 42 days of age 
Weight: 150-175 for males; 131-155 for females 

Satellite groups: Recovery group 
Unique study design: n/a 

Deviation from study protocol: Minor deviations 
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Observations and Results 
 

 Mortality/Clinical Signs: twice daily 
All HD males and several MD males were transiently underactive approx. 3 hrs after 
dosing on one occasion in Weeks 4 and 5, respectively.  In those HD animals, this was 
associated with partially closed eyelids. 
 
Three animals had an exaggerated response (i.e. 1 HD female had hypoglycemic shock 
in Week 13, 1 satellite MD female had died 3 hrs post dose in Week 7, 1 NPH male had 
hypoglycemia shock on Day 5). 
 

 Body Weights/food consumption: weekly 
There was no adverse effect of treatment upon body weight or food intake.  In MD or 
HD males, there was a small increase of weight gain up to Week 7 and a trend towards 
high food intake during the treatment period. 
 

 Ophthalmoscopy: prior to treatment and Wk 13 
No adverse finding was found. 
 

 ECG: n/a 
 

 Hematology: Weeks 6 and 13 (main) and Week 4 (recovery) 
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In Week 6, there were slightly lower neutrophil and lymphocytes counts in all treated 
females and slightly lower basophil and monocytes counts in MD/HD females.  These 
changes lead to a slightly lower total WBC counts in SIAC30 treated females.  In Week 
13, there were no effects observed in females or males.  During 4 week recovery, 
lymphocyte, basophil, and total WBC counts for HD females were similar to those of the 
control.   
 

 

 
 

 Clinical Chemistry 
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Several changes were seen with clinical chemistry parameters: 1) a dose-related 
increase in glucose concentration in females at all doses and in MD or HD males, 2) a 
dose-related decrease in urea level in MD or HD males in Week 6 and in all males in 
Week 13, 3) low triglyceride levels in both sexes at all doses in Week 6 and in MD or 
HD females in Week 13, 4) marginally low calcium levels in females at all doses in 
Week 6 and in MD or HD males, 5) high phosphorus levels in both HD males and 
females in Weeks 6 and 13, 6) low protein levels (mainly reduced albumin and α-1 
globulin) in females at all doses in Weeks 6 and 13.  These changes were also seen in 
animals given NPH insulin, suggesting that they were attributable to insulin 
administration.  All these changes were recoverable. 
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 Glucose analysis: 
The plasma glucose levels at intervals after dosing on Day 1 and in Weeks 7 and 13 
suggested that reduced levels at all doses in a dose-dependent manner.  The greatest 
effect was generally seen at 1 hr post-dose, where group mean plasma glucose levels 
ranged between approx. 1 and 3 mmol/l.  These changes were due to the 
pharmacological action of test article. 
 

 Urinalysis: Week 12 (main) and Week 4 (recovery) 

 

 
 

 
Low urinary volume and high specific gravity were seen in LD males and in MD or HD 
males/females in Week 12.  Urinary pH was slightly low in MD females and HD 
males/females.  These changes were also seen in NPH treated animals, suggesting 
were attributable to insulin administration.  Such changes were partially or completely 
recoverable. 
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 Gross Pathology: 
No test article-related lesions were observed. 
 

 Organ Weights: Week 13 

 
 
There were low absolute as well as body weight and brain weight liver weights in HD 
females, to a lesser extent, in MD females (not sign.).  This was recoverable after 4 
week recovery period.  No such effect was seen in males.  In addition, the body weight 
relative liver weights for NHP females were reduced (similar magnitude to those of 
MD/HD females).  There were also small increases in body weight relative epididymides 
and testes weights with NPH treated males.   
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 Antibody Formation:   
After 13 weeks treatment with SIAC 30, 46/143 (32%) were positive for antibodies 
towards insulin 454 and 44/143 (31%) were positive for antibodies towards insulin 
aspart.  After 4 week recovery period, 5/20 (25%) animals were positive for insulin 454 
antibodies and 4/20 (20%) for insulin aspart antibodies.  As for NPH insulin, 12/20 
(60%) were positive for antibodies after 13 weeks treatment and 11/20 (55%) were 
positive for antibodies after 4 weeks recovery period. 
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 TK analysis: 
The TK profile after once daily sc administration of SIAC 30 to rats for 13 weeks was 
generally sex- and dose-independent, with low accumulation in systemic exposure 
seen.  Such low accumulation was attributed to rapid elimination.  Max plasma levels of 
insulin aspart were reached after 0.5 hrs while peak serum levels insulin 454 were seen 
3 hrs post-dosing.  The plasma t ½ for insulin aspart was 0.2-0.6 hr while the serium t ½ 
for insulin 454 was 3-5 hrs. 
 

Table 8  Study No 208337 - TK Profiles of Insulin Aspart and Insulin 454 on Day 1 
and Week 13 after Repeated Once Daily sc Administration of SIAC 30 for 13 
Weeks to Rats 
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 Histopathology:  
Adequate Battery: Yes 
Peer Review: Yes 
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Some hemorrhage and inflammatory changes (minimal to marked severity) in the skin 
and subcutis were seen at the parenteral sites in all groups, including controls, after 13 
weeks.  This was considered to be associated with the sc route of administration.  No 
other treatment related findings were identified after 13 weeks. 
 

Table 9  Study No 208337 - Summary Tables of Histopathology Findings  
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 Dosing Solution Analysis 
All samples taken from formulations prepared for study use were found to be 
acceptable.  All individual results were between -6 to -1% (for insulin 454) and -5 to +2% 
(for insulin aspart) of nominal concentrations. 
 

Reference ID: 3140206

            

       
          

           
          
        

        
       

        
       

        
       

      

        
        

          
        

       
       

        

            

       
          

        
          

      
     

          
       

      

         
      

       
      

          
       





NDA#:  NDA 203313 (Insulin 454 + Insulin Aspart)        Reviewer:  Miyun Tsai-Turton 
 

60 

 
Study design:  This study was to assess the effect of insulin 454 (70%) combined with 
insulin aspart (30%), SIAC 30 (batch no 412_N08702 with 99.0% impurity for insulin 
454 and 98.6% purity insulin aspart), on the progress and outcome of pregnancy when 
administered to female rat daily from GDs 6-17 after mating, including satellite animals 
for TK analysis.  The NPH insulin was used as a comparator to differentiate between 
related to insulin treatment and adverse findings related to SIAC 30.  Three groups 
(n=8) were given SIAC30 by sc injection at doses of 20, 80, or 125 nmol/kg/day insulin 
454.  The control group received vehicle for SIAC30 whereas another group received 80 
nmol/kg/day NPH insulin.  Endpoints include the following: clinical observations, body 
weight, food consumption, glucose (main study animals) and TK (satellite animals) 
analyses, gross pathology on Day 20, and litter parameters. 
 

 
 
Finding:   

 Mortality and clinical signs: 
No deaths and no treatment-related clinical signs occurred in this study. 
 

 Body weight/food consumption: 
Group mean values of body weight change for SIAC-30 treated females were similar to 
the control during GDs 6-17.  NPH-treated females had slightly lower body weight gain 
than the control during GDs 6-17 and GDs 11-15.   
 
Group mean values of food consumption for SIAC-30 treated females were similar to 
the control during GDs 6-17.  After treatment was stopped, slightly low food 
consumption was observed at HD females during Days 18-19.  NPH-treated females 
had marginally lower food consumption than the control during GDs 18-19.   
 

 Glucose analysis: 
HD females had low mean serum glucose levels at 1, 3, and 9 hrs after dosing (3.53, 
2.77, and 3.48 nmol/l respectively) on GD 17 when compared to the control (6.14, 5.73, 
and 5.86 nmol/l respectively).   
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MD/LD females had lower mean serum glucose levels at 1 and 3 hrs after dosing when 
compared to the control.  NPH-treated also had low mean serum glucose levels at 1 
and 3 hrs after dosing on GD 17.   
 

 Gross pathology: 
There were no treatment-related findings with females.  There were no treatment-
related external fetal abnormalities.  However, in 1 fetus had whole body oedema in the 
LD group and 1 fetus had shiny skin in the HD group.  In addition, 4/12 in one litter in 
the control group had cleft palate whereas 1 fetus in the NPH group had shiny skin, 
exencephaly, rudimentary lower jaw and anophthalmia. 
 

 Formulation analysis: 
Recovery for insulin 454 was in the range of 73-105% whereas recovery for insulin 
aspart was in the range of 81-106%.  These results were considered valid, confirming 
accuracy of dose preparation. 
 

 TK analysis: 
Peak levels of insulin 454 were reached 3 hrs after SC administration, while the highest 
insulin aspart levels were seen at 1 hr post dosing.  The t ½ of insulin 454 was 3-4 hrs, 
while t ½ of insulin aspart could not determined due to the sparse sampling regime 
(however considered to be eliminated within the 1st 3 hrs after dosing). 
 

Table 10  Study No 208333 - TK Profiles of Insulin Aspart and Insulin 454 on GD 
17 after Repeated Once Daily sc Administration of SIAC in Female Rats  
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 Litter Findings: 
 
One MD female was not pregnant at necropsy and another MD female had a very early 
resorption - excluded from calculation).  A total of 8, 8, 6, 8, and 8 females at 0, 20, 80, 
125 nmol/kg/day SIAC 30 and 80 nmol/kg/day NPH, respectively, were assessed. 
 
Reproductive assessment:  No treatment-related effect upon pregnant outcome.  Mean 
numbers of corpora lutea, implantations, live young and mean % of sex ratio and pre-
implantation loss were similar to the control and were not affected by SIAC 30.  In MD 
group, the mean number of early resorptions and the % post-implantation loss were 
higher than the control, resulting lower mean number of live young.  This finding was not 
seen in either LD or HD group.  As for NPH group, the % pre-implantation loss was 
slightly higher, resulting slightly low mean number of implantations and live young when 
compared to the control. 
 
Placental, litter and fetal weights:  In HD group, mean male and overall fetal weight 
were marginally lower than controls.  Group mean female fetal weights were similar to 
the control group.  In LD or MD group, male, female, and overall fetal weights were 
similar to control and unaffected by the treatment.   
 

Table 11  Study No 208333 - F0/F1 Data on GD 20 after Repeated Once Daily sc 
Administration of SIAC in Female Rats 
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Study No 208334 (PIVOTAL): Seg II rat  
Study title:  Embryo-fetal toxicity study in the Han Wistar rat by subcutaneous 
administration 

Study no.: 208334 
Study report location: Novo Nordisk, Denmark 

Conducting laboratory and location:  
Date of study initiation: March 19  2009 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: 412_N08702 (purity for insulin 454: 
99.0% and purity for insulin aspart: 
98.6%) 
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Key Study Findings 
 Treatment of pregnant female rats with SIAC30 from GDs 6-17 at doses of 20, 80, 
and 125 nmol/kg/day (or 80 nmol/kg/day insulin NPH) was well tolerated. 

 No treatment-related mortality and clinical signs were seen. 
 There were no adverse maternal or embryo-fetal effects related to SIAC30. 
 Based on this study with insulin 454 + 54 nmol/kg/day insulin aspart, NOAELs were 
125 nmol/kg/day for maternal toxicity and 20 nmol/kg/day for embryo-fetal toxicity 
(i.e. skeletal malformations and visceral variations). 

 
Methods 

Doses: 0, 20, 80, and 125 nmol/kg/day (vs. 80 
nmol/kg/day insulin NPH) 

Frequency of dosing: Once daily from GDs 6-17 
Dose volume: .5 ml/kg/day 

Route of administration: Sc injection 
Formulation/Vehicle: Phenol 1.50 mg/ml, m-Cresol 1.72 mg/ml, 

Glycerol 19.0 mg/ml, Sodium chloride 0.58 
mg/ml and water for injection  at pH 
7.4 

Species/Strain: Han Wistar rat 
Number/Sex/Group: 20/sex/group 

Satellite groups: n/a 
Study design: Based on Study No 208333 – DRF study in rats 

Deviation from study protocol: Yes 
 

 
 

 
 
Observations and Results 
 

 Mortality/Clinical Signs: twice daily 
No treatment-related deaths and clinical signs or changes at the injection sites seen 
throughout the study.  One NPH-treated female showed signs of hypoglycaemia (i.e. 
underactive behavior, piloerection, dull eyes, and etc on Day 6 after mating approx 3 hrs 
after 1st dose).  This female was given 5% glucose solution by oral gavage and this 
animal recovered. 
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 Body Weight: Days 0, 3, 6-18, and 20 after mating 

In HD females, group mean values of body weight change were marginally higher than 
the control during GDs 6-10.  However, in LD or MD females, group mean values of 
body weight change were similar to control.  In NPH-treated females, group mean 
values of body weight changes were marginally higher than the control during GDs 6-8. 
 

 Feed Consumption: Days 0-2, 3-5, 6-9, 10-13, 14-17 and 18-19 after mating 
In HD females, group mean values of food consumption were marginally higher than the 
control during GDs 6-9.  However, the group mean values of food consumption were 
lower than the control during GDs 18-19 (after the stop of treatment).  In LD or MD 
females, group mean values of food consumption were similar to those of the control 
and unaffected by the treatment.  In NPH-treated females, group mean values of food 
consumption were marginally higher than the control during GDs 6-9 and thereafter, 
were similar to the control and unaffected by the treatment. 
 

 Gross Pathology 
There were no treatment-related findings in SIAC treated females.  Several females had 
dark areas at the injection site, attributed to the injection procedure. 
 

 Toxicokinetics: n/a 
 

 Dosing Solution Analysis 
Recovery of insulin 454 was within the range 95-102%.  Recovery of insulin aspart was 
in the range 87-102%.  There results were considered valid, confirming accuracy of 
preparation. 
 

 Necropsy: Day 20 after mating 
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):   
One MD female had only 1 implantation which was an early resorption.  Therefore, it 
was excluded from calculations.  The assessment was based on 20, 20, 19, 20, and 20 
pregnant females with live young on GD20 in Groups 1, 2, 3, 4, and 5, respectively.   
 
SIAC 30 or NPH insulin had no effect on the mean numbers of corpora lutea, 
implantations, resorptions, live young, pre- and post-implantation loss or the mean sex 
ratio. 
 
SIAC 30 or NPH insulin had no affect on mean placental and litter weights when 
compared to control.  However, HD group had marginally (statistically significant) lower 
group mean male, female, and overall fetal weight than controls (same with NPH insulin 
treated group).  MD group had marginally lower group mean male (statistically 
significant), female, and overall fetal weight than controls.  LD group had similar mean 
male, female, and overall fetal weights to controls and was unaffected by SIAC30.   
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Table 12  Study No 208334 - C-Section Data on GD 20 after Repeated Once Daily 
sc Administration of SIAC in Female Rats 
 

 

 

 
 

 

 

 
 

 Offspring (Malformations, Variations, etc.) 
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HD group had an increased incidence of fetuses/litters with short/bent/thickened 
humerus and bent scapula with the associated minor skeletal abnormalities in MD 
and/or HD group (i.e. thickened/kinked ribs, cervical verbetbral centra, and etc) 
compared to the concurrent control.  There were also some minor visceral abnormalities 
(i.e. in brain, thymus lobe, and umbilical artery, and etc).  NPH-insulin treated group had 
increased incidence of fetuses/litters with left umbilical artery compared with concurrent 
control.  These findings seemed to be within the historical ranges (historical data 
provided by the applicant).   
 

Table 13  Study No 208334 - Summary Tables of Fetal Examinations after 
Repeated Once Daily sc Administration of SIAC in Pregnant Female Rats 
(Historical Data Included) 
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9.3 Prenatal and Postnatal Development 
See NDA 203314 for IDeg. 
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 Clinical chemistry:  Several parameters in clinical chemistry were changed due to the 
pharmacologic effect of insulin.  However, no difference between the aged and non-
aged IDeg was seen. 
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 Toxicokinetic:  All animals dosed with either non-aged or aged IDegAsp for 4 weeks 
were systemically exposed to IDeg and IAsp.  For IDeg, there were no large 
differences in the systemic exposure after dosing of either non-aged or aged 
IDegAsp at two does levels.  The TK of IDeg in rats was gender-independent and 
systemic exposure increased proportionally with dose between 50 and 100 
nmol/kg/day.  Accumulation in system exposure to IDeg was low.  For IAsp, 
maximum plasma concentration was seen after 1 hr which was also the 1st sampling 
time.  Most plasma samples taken beyond this time point had plasma concentrations 
< LLOQ.  Cmax of IAsp increased with dose and over time.  There were no large 
differences between the IAsp Cmax after sc administration of non-aged and aged 
IDegAsp at 2 dose levels. 
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 Serum glucose level:  Day 1:  a significantly lower serum glucose level was seen 1 and 
3 hr after treatment.  Six hrs after treatment, the levels were rising but still notably 
lower than normal.  No differences were seen between the aged and non-aged 
batches.  Day 28: for males, the glucose serum glucose level was significantly lower 
1 hr after treatment.  Due to variances in the results from the 3 hrs samples, no 
statistically significant was reached.  However, similar to the 1 hr data, 6 hrs after 
treatment, the glucose level had increased, reaching to normalized level 9 hrs after 
treatment.  Only minor differences were seen between the aged and non-aged 
IDegAsp.  These were considered incidental. 
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 Organ weights:  Lower relative liver weights were seen in IDegAsp treated males 
(significant) and females (not significant) compared to controls.  Lower absolute and 
relative spleen weight was seen in IDegAsp treated males (w/o histo correlates).  
Higher testes weight was observed in some IDeg treated groups compared to 
controls.  In addition, higher relative heart weight was seen in Group 4 (aged 
IDegAsp) females compared to Group 2 (non-aged IDegAsp) females.  There 
findings were considered incidental. 

 
 Macroscopic findings:  A red discoloration was seen at the injection sites in all groups 
and no differences were seen when comparing aged and non-aged IDegAsp. 
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 Microscopic findings:  Liver, spleen, and injection site findings were considered test-
article related.  The incidence of rarefaction (intracellular glycogen accumulation) of 
the hepatocytes had decreased in animals of both sexes in all treated groups (more 
pronounced in the females).  No different was seen between the dose groups 
treated with aged or non-aged IDegAsp.  The amount of extramedullary 
haematopoiesis in the spleen was found lower in the males in Group 3 compared to 
Group 1.  No difference was seen in the females or in other groups in males.  This 
decrease was considered incidental.  Changes were seen in the sc injection sites of 
animals from all dose groups.  No differences in the local reaction were observed 
after dosing with aged or non-aged IDegAsp.  The local tissue reaction was 
considered to be related to the injection procedure. 
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Overall Finding: 

 This study showed that dosing with aged and non-aged IDegAsp at 71.42 or 142.86 
nmol/kg/day for 28 days resulted in test-article related changes in body weight, food 
consumption, blood glucose, some clinical pathology parameters, liver weight, and 
liver rarefaction. 
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Pharmacokinetics Studies  
The PK of IDegAsp was studied in Wistar rat (Study Nos: 208289 and 208337: 4-week 
and 13-week repeated dose studies) and LYD pigs (Study Nos: 204383, 205053, 
205220, and 205419).  Studies in rats used the “to be marketed” formulation, where 
studies in pigs used different IDegAsp formulation (to support early clinical studies).  
These studies demonstrated that IDeg could be administered co-formulated with IAsp 
without changing the individual PK profiles of the two insulin molecules.   
 

Table 14 PK Profiles of IDeg and IAsp Administered (Alone vs. In Co-formulation) 
 

 

 
 
Repeat-dose Toxicity Studies (for IDegAsp Studies Only) 
 
The 4 week DRF study (Study No 208289) in rats showed that the sc administration of 
2 different fixed combinations of insulin 454/insulin aspart (SIAC 30 (B) and SIAC 45 
(B)) resulted in an expected decrease in plasma glucose, with consequential signs (i.e. 
hypoglycemia) that were similar for both combinations.  For SIAC 30(B), hypoglycemia-
related signs occurred mostly in HD males (1 male premature sacrifice).  The MD level 
of SIAC 30 (B) was well tolerated.  For SIAC 45(B), hypoglycemia-related signs were 
seen in 1 MD male (premature sacrifice).  Besides this one death, even the HD level of 
SIAC 45 (B) was well tolerated.  Therefore, this study concluded that MD (75 
mg/kg/day) of SIAC 30 (B) and HD (100 mg/kg/day) of SIAC 45(B) were suitable for 
their pivotal study.  The SIAC40 was used in their pivotal toxicology studies (i.e. 13 
week tox study and Seg I/II studies). 
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The majority of other study findings seen in this 4-week toxicity study (i.e. increased 
food consumption and body weight gains) were considered secondary to the glucose 
lowering effect of these test articles.  Similarity, the low plasma triglyceride 
concentrations seen in treated groups were considered an effect on fatty acid 
metabolism, secondary to the low plasma glucose levels.  There were also effects on 
protein metabolism since there were some changes in α- globulin in SIAC 45(B) 
animals.  Hematological changes (i.e. slightly low lymphocyte counts in HD males or HD 
females, slightly low neutrophil and eosinophil counts in females, with either test 
articles) were seen.  However, these were not indicative of adverse findings since 
limited histopathological exam was conducted.  Clinical chemistry changes (i.e. 
increased phosphorus with both combinations and low sodium and chloride with SIAC 
30(B)) were seen.  These could reflect changes in water balance.  In addition, there 
were decreases in liver weights in both sexes at all doses which were likely as a result 
of depletion of glucose stores (glycogen) but not confirmed with histopathological exam.  
Reduced spleen weight was seen in HD males with SIAC 45(B).  However, this was not 
indicative of any adverse effect since limited histopathological exam was done.  
Furthermore, there was a small increase of axillary lymph node weights at HD males, 
suggesting a minimal response following repeated sc injection but was not considered 
to be an adverse finding. 
 
The 13-week pivotal study (Study No 208337) in rats showed that the sc 
administration of a fixed combination up 75 nmol/kg/day insulin 454 and up to 32 
nmol/kg/day insulin aspart, SIAC 30, resulted in an expected decrease in plasma 
glucose, with consequential signs (i.e. hypoglycemia).  There was transient 
underactivity seen in MD and HD animals in Week 4 or 5 (also seen in NPH treated 
animals).  Three animals had hypoglycemia shock (1 HD female in Week 13, 1 satellite 
MD female, 1 NPH male), resulted in one death (1 satellite MD female).  The NOAEL 
was established at 36 nmol/kg/day (25 nmol/kg/day insulin 454 + 11 nmol/kg/day insulin 
aspart). 
 
The majority of other study findings seen in this 13-week toxicity study (i.e. increased 
food consumption and body weight gains, especially in males) were considered 
secondary to the glucose lowering effect of SIAC 30.  Similarity, the low plasma 
triglyceride concentrations seen in treated groups were considered an effect on fatty 
acid metabolism, secondary to the low plasma glucose levels.  There were also effects 
on protein metabolism as indicated by the reduced plasma urea levels in males and low 
protein levels in females (a consequence of reduced albumin and α- globulin), as well 
as urea levels.  Hematological changes (i.e. slightly low lymphocyte and neutrophil 
counts in females at all doses and slightly low basophil an dmonocyte counts in MD/HD 
females) were seen.  However, these were not indicative of adverse findings.  Clinical 
chemistry changes (i.e. low plasma calcium in females) were seen, which likely had 
been secondary to the lower plasma albumin levels.  In addition, there were slight 
decreases in liver weights in MD/HD females which were likely as a result of depletion 
of glucose stores (glycogen).  There were also low urinary volumes and high specific 
gravity at all doses and slight higher plasma phosphorus levels in HD animals, reflecting 
minor changes in water balance with no indicative of renal toxicity. 
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Systemic exposure to IDeg and IAsp was confirmed in animals dosed with IDegAsp.  
Antibodies towards IDeg and IAsp were detected in approx 1/3 of the animals.  
However, decreased blood glucose levels and/or decreased Deg/IAsp exposure seen in 
antibody-positive animals suggested that the formed antibodies did not have 
neutralizing effects. 
 

Table 15 Summary Table of Pivotal Repeat Dose Studies in Rats (IDeg or 
IDegAsp)  
 

 
 

Reference ID: 3140206



NDA#:  NDA 203313 (Insulin 454 + Insulin Aspart)        Reviewer:  Miyun Tsai-Turton 
 

84 

Table 16 Summary Table of Antibodies against IDeg or IAsp from Pivotal Repeat 
Dose Studies for IDeg (in Rats and Dogs) and IDegAsp (in Rats) 
 

 

 
 
Reproductive and Developmental Toxicity (Seg II) Studies 
 
The Seg II RF study in rats (Study No 208333) showed that SIAC30 at 20, 80, or 125 
nmol/kg/day (expressed in term of insulin 454) from GDs 6-17 was well-tolerated with 
no deaths and no treatment-related clinical signs.  There was a dose-proportional 
systemic exposure to insulin 454 and insulin aspart in satellite female rats receiving 
SIAC30.  SIAC30 had no effect upon body weight or food consumption during GDs 6-
17.  After treatment period, MD or HD females had marginally reduced body weight gain 
and HD females had slightly low food consumption.  SIAC 30 was also associated with 
a lowering of serum glucose levels on Day 17 after mating.   
 
In addition, there was no effect of SIAC 30 upon pregnancy outcome or embryo-fetal 
survival.  No external findings in fetuses were seen.  However, in HD group, there were 
marginally lower group mean male and overall fetal weights than the control.  Based on 
these study findings, SIAC30 at 20, 80, or 125 nmol/kg/day (expressed in term of insulin 
454) would be appropriate for their pivotal study. 
 
The Seg II pivotal study in rats (Study No 208334) showed that SIAC30 at 20, 80, or 
125 nmol/kg/day (expressed in term of insulin 454) or NPH insulin at 80 nmol/kg/day 
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from GDs 6-17 was well-tolerated with no deaths, no treatment-related clinical signs.  
One NPH-insulin treated female did have hypoglycaemia-related signs (i.e. underactive, 
piloerection, hunched posture, and etc).  SIAC30 did not affect body weight or food 
consumption during the treatment period.  However HD group had marginally low food 
consumption on GDs 18-19 (after the treatment period).  There was no effect upon 
pregnancy outcome or embryo-fetal survival with SIAC30 or NPH insulin.  Mean 
placental weights were similar to control across all groups.  HD group had marginally 
(5%) but statistically significantly lower male, female, and total fetal weights than 
controls whereas MD group had marginally but statistically significantly lower male fetal 
weights than controls.  Due to small magnitude and there were no effects on embryo-
fetal survival and fetal morphological development, the SIAC30 did not present an 
adverse effect on embryo-fetal development.  In addition, NPH-insulin treated group had 
similar mean placental weights to controls, and had marginally lower mean litter weight, 
mean male, female and overall fetal weights than controls.  Lastly, HD group had an 
increased incidence (still within historical range) of litters with short/bent/thickened 
humerus and bent scapula with the associated minor skeletal abnormality (i.e. medially 
thickened/kinked ribs) and NPH insulin-treated group had an increased incidence (still 
within historical control) of litters with left umbilical artery, compared to their concurrent 
controls.  These were not considered to be SIAC30 or NPH insulin related adverse 
effects.  Based on theses study findings, the NOAEL of SIAC 30 for maternal and 
embryo fetal toxicity was 125 nmol/kg/day insulin 454 + 54 nmol/kg/day insulin aspart.   
 

Table 17 Summary Tables of Seg II Studies in Rats (for IDegAsp or IDeg) 
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Local Tolerance Studies 
 
Three studies (Study Nos 206131, 210455, and 210297) were conduced in pigs or 
rabbits.  These studies were reviewed under NDA 203314 for IDeg.  However, IDegAsp 
(in “early development” or “to be marketed” drug product) were tested also.  Similar to 
IDeg, IDegAsp caused mild inflammation at the injection site. 
 

Table 18 Summary Tables of Local Tolerance Studies in Pigs and Rabbits (for 
IDegAsp or IDeg) 
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demonstrated that IDeg did not change its metabolic efficacy and safety profiles 
compared to human insulin.  With IDegAsp, the nonclinical studies (in assessing 
repeated dose toxicity, reproductive toxicity, and local tolerance) showed that co-
formulation of IDeg and IAsp did not affect the safety and efficacy of the individual 
components and no unexpected safety concerns for IDegAsp were identified.  Based on 
AUCs obtained from the 13-week toxicity studies, there were exposure multiples of 2.9 
with IDeg and of 1.7 with IAsp to those of in humans.   
 

Table 20 Safety Margins  
Toxicity 

(Species) 
NOAEL 

(nmol/kg/day) 
AUC0-24h at 

Wk13 
(h*nmol/L) 

Safety Margin 
(Based on 

AUC)*** 
13 week tox* 

(rat) 
36 

IDeg: 25 
IAsp: 11 

 
107 

IDeg: 75 
IAsp: 32 
(sponsor’s 
NOAEL) 

 
493.5 
3.25 

 
 

1209.5 
28* 

 
2.9x 
1.7x 

 
 

7.0x 
14.4x 

Seg II repro 
tox** 
(rat) 

Maternal: 
179 

IDeg: 125 
IAsp: 54 

 
Fetal Dev: 

28.6 
IDeg: 20 
IAsp: 8.6 

 
 

1300 
47.4 

 
 
 

155 
0.25 

 
 

7.6x 
24x 

 
 
 

0.9x 
0.13x 

* Exposure extrapolated from Study No 208337: 13 week toxicity rat study 
** Exposure extrapolated from Study No 208333: preliminary study in pregnant rats 
*** AUC0-24h in human at clinical dose of 6.48 nmol/kg IDegAsp (or 1.08 U/kg) 

 For IDeg:  172 h*nmol/L based on two clinical studies: NN1250-1993 (IDeg exposure in steady state) 
and NN5401-3592 (clinical exposure) 

 For IAsp:  1.95 h*nmol/L based on two clinical studies: NN5401-3539 (IAsp exposure in steady state) 
and NN5401-3592 (clinical exposure) 

12 Appendix/Attachments 
n/a 
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Excipients of IDeg (i.e. phenol and m-cresol  and glycerol  
) were frequently used excipients which were present in similar of higher 

concentrations in currently marketed insulin products for sc administration such as 
insulin aspart.   
 

 Safety Margin 
 
The animal/human exposure ratios were calculated based on NOAELs in the animal 
studies of longest duration (as AUC and Cmax at steady state) and human exposure at 
the mean clinical dose (0.75 U/kg) in the confirmatory clinical trial using the highest 
insulin dose.  Based on repeat dose toxicity studies, there were 5.2x and 1.3x exposure 
multiple in rats and dogs respectively. 
 

1.3 Recommendations 

1.3.1 Approvability 
   APPROVAL 
1.3.2 Additional Non Clinical Recommendations 
   NO 
1.3.3 Labeling 

Reference ID: 3138839
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SUGGESTED BY DMEP 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Pregnancy Category C 
There are no well-controlled clinical studies of the use of insulin degludec in pregnant 
women. Patients should be advised to discuss with their health care provider if they 
intend to or if they become pregnant. Because animal reproduction studies are not 
always predictive of human response, insulin degludec should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. It is 
essential for patients with diabetes or a history of gestational diabetes to maintain good 
metabolic control before conception and throughout pregnancy. Insulin requirements 
may decrease during the first trimester, generally increase during the second and third 
trimesters, and rapidly decline after delivery. Careful monitoring of glucose control is 
essential in these patients. 
 
Subcutaneous reproduction and teratology studies have been performed with insulin 
degludec and human insulin (NPH) as a comparator in rats and rabbits.  In these 
studies, insulin was given to female rats before mating throughout pregnancy until 
weaning, and to rabbits during organogenesis.  The effect of insulin degludec was 

Reference ID: 3138839
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consistent with those observed with human insulin as both caused pre- and post-
implantation loses and visceral/skeletal abnormalities in rats at an insulin degludec dose 
of 21 U/kg/day (approximately 5 times the human subcutaneous dose of 0.75 U/kg/day, 

) and in rabbits at a dose of 3 U/kg/day (approximately 10 
times the human subcutaneous dose of 0.75 U/kg/day ).  
The effects are probably secondary to maternal hypoglycemia.   
 
8.3 Nursing mothers 
It is unknown whether insulin degludec is excreted in human milk. Because many drugs, 
including human insulin, are excreted in human milk, caution should be exercised when 
insulin degludec is administered to a nursing mother. Patients with diabetes who are 
lactating may require adjustments in insulin dose, meal plan, or both. 
 
In rats, insulin degludec was secreted in milk.  The concentration in milk was  

 plasma. 
 
13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
Standard 2-year carcinogenicity studies in animals have not been performed to evaluate 
the carcinogenic potential of insulin degludec. In a 52-week study including 
human insulin (NPH insulin) as comparator (6.7 U/kg/day), Sprague-Dawley rats were 
dosed subcutaneously with insulin degludec at 3.3, 6.7, and 10 U/kg/day, resulting in 5 
times the human exposure (AUC) when compared to a human subcutaneous dose of 
0.75 U/kg/day. Human insulin was dosed at 6.7 U/kg/day. No treatment-related 
increases in incidences of hyperplasia, benign or malignant tumors were recorded in 
female mammary glands from rats dosed with insulin degludec and no treatment related 
changes in the female mammary gland cell proliferation were found using BrdU 
incorporation. Further no treatment related changes in the occurrence of hyperplastic or 
neoplastic lesions were seen in animals  dosed with insulin 
degludec when compared to vehicle or human insulin. 
 
Genotoxicity testing of insulin degludec was not performed. 
 
In a combined fertility and embryo-fetal study in male and female rats, treatment with 
insulin degludec up to 21 U/kg/day (approximately 5 times the human subcutaneous 
dose of 0.75 U/kg/day, based on U/body surface area) prior to mating and in female rats 
during gestation had no effect on mating performance and fertility. 

2 Drug Information 

2.1 Drug 
CAS Registry   844439-96-9 
 
Generic Name   NN1250 soluble insulin basal analog (SIBA) 
 
Code Name   Insulin 454 
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2.6 Proposed Clinical Population and Dosing Regimen 
This is intended for once-daily sc administration at any time of the day, independent of 
meals, in diabetic patients.  The clinical trials for IDeg are listed below. 

 

2.7 Regulatory Background 
Timeline: 

 Sept 2007 – IND submission 
 Feb 2009 – EOP2 meeting 
 June 2011 – pre-NDA meeting 
 Sept 2011 – NDA submission 

 

3 Studies Submitte 

3.1 Studies Reviewed  
PHARMACOLOGY 

 Primary PD studies: clamp studies, mitogenicity, binding affinities of IR and IGF-1R, 
glycogen synthesis, lipolysis 
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 Secondary PD study 
 Safety pharm studies: CV, neurobehavioral, respiratory, QT prolongation, ECG 

 
PHARMACOKINETICS 

 Absorption studies: iv/sc routes in pigs/dogs/rats 
 Distribution studies: iv/sc route in rats 
 Metabolism studies: in vitro and in vivo (iv/sc routes in rats/dogs) 
 Excretion studies: sc route in rats 

 
TOXICOLOGY 

 Single dose tox study in rats 
 Repeat dose tox studies in rats/dogs/rabbits 
 Repro/dev tox studies in rats/rabbits 
 Other tox studies: local tox studies in pigs/rabbits/minipigs, 28 days (impurities) tox 
study in rats, and up to 13 weeks repeat dose tox studies in mice 

3.2 Studies Not Reviewed  
n/a 

3.3 Previous Reviews Referenced 
Some PD/PK/Tox studies were reviewed under IND 76496 and the reviews can be 
found in DARRTS (2007 Nov Review #1 and 2008 August Review #2). 

4 Pharmacology 

4.1 Primary Pharmacology 

Study No. 6UIR050902-100 Mar-2006: clamp pig study 
Action profile of insulin 454 (0.6 mM and 1.2 mM) or Glargine (0.6 mM).  A euglycaemic 
clamp study in pigs [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to characterize two different strengths of insulin 454, 600 
μM and 1200 μM, (vs. 600 μM glargine) in euglycaemic clamp studies in health pigs 
(n=8).  Eight LYD pigs participated each on three days of experiment with an interval of 
1 week.   
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Study No. 205402: in vitro mitogenicity in L6-hIR cells 
In vitro mitogenicity study of NNC-0100-0000-0454 in the cell line L6-hIR, a rat skeletal 
muscle cell line stably transfected with the gene encoding the human insulin receptor [by 
Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to study the effect of the insulin 454 analogue (batch 
13289/087) on 3H-thymidine incorporation into newly synthesized DNA was compared 
to that of non-modified native human insulin using rat L6 myoblasts overexpressing the 
human insulin receptor (L6-hIR cells).  Findings:  Insulin 454 had a lower mitogenic 
potency than non-modified human insulin.  Even though the L6hIR system had a 
relatively high variability as expected for this kind of in vitro biological assay, the insulin 
454 analogue was found to be 5X less potent than non-modified human insulin. 
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Study No. 205403: in vitro mitogenicity in HMEC system (0.1% HSA) 
In vitro mitogenicity study of insulin analogue 454 in primary human mammary epithelial 
cells [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to study the effect of the insulin 454 analogue (batch 
13289/087) on simulation of 3H-thymidine incorporation into newly synthesized DNA 
was compared to that of non-modified native human insulin using the primary human 
mammary epithelial cell (HMEC) system.  Findings:  In the absence of human serum 
albumin in the medium, the relative mitogenic potency of insulin 454 was found to be 
6.3%.  In the presence of 0.1% human serum albumin in the medium, the relative 
mitogenic potency of insulin 454 was found to be 3.2%.  All in all, the mitogenic potency 
of insulin 454 was found to be lower than the mitogenic potency of non-modified human 
insulin. 
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Study No. 205404: in vitro mitogenicity in synchronized L6-hIR cells 
In vitro mitogenicity study of NNC-0100-0000-0454 in synchronized L6-hIR cells [by Novo 
Nordisk A/S, Denmark] 
 
Study design:  This study was to study the effect of the insulin 454 analogue (batch 
13289/087) was compared to that of non-modified native human insulin using rat L6 
myoblasts overexpressing the human insulin receptor (L6-hIR cells).  Synchronized 
cells had higher fold response rats and lower inter-experimental variability.  Findings:  
Insulin 454 had a lower mitogenic potency than non-modified human insulin (9.2% 
mitogenic potency compared to the 100% mitogenic potency of human insulin).   
 

 

 
 
Study No. 206632: in vitro mitogenicity in HMEC system (0-0.5% HSA) 
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In vitro mitogenicity of insulin 0100-0000-0454 in HMEC cells using 0 to 0.5% HSA [by 
Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the modulatory effect of human serum 
albumin (HAS) on the mitogenic effect of insulin 454 in HMEC cells.  Insulin 454 binds 
to HAS, and the mitogenic effect of insulin 454 was therefore expected to be inhibited 
by HAS added to the cell culture medium.  Findings:  In the absence of HAS, insulin 454 
exhibited a relative mitogenic potency of 5.9%.  HAS significantly reduced the relative 
mitogenic potency of insulin 454 compared to native human insulin (in agreement with 
the HAS-binding nature of insulin). 
 

 

 

 
 
Study No. 206633: in vitro mitogenicity in synchronized L6-hIR cells (0-2.5%HSA) 
In vitro mitogenicity of insulin 0100-0000-0454 in sunchronized L6-hIR cells using HAS 
doses in the range 0-2.5 wt% [by Novo Nordisk A/S, Denmark] 
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Study design:  This study was to examine the modulatory effect of human serum 
albumin (HAS) on the mitogenic effect of insulin 454 in L6-hIR cells.  Insulin 454 binds 
to HAS, and the mitogenic effect of insulin 454 was therefore expected to be inhibited 
by HAS added to the cell culture medium.  Findings:  In the absence of HAS, insulin 454 
exhibited a relative mitogenic potency of 7.5% compared to human insulin.  HAS 
significantly reduced the relative mitogenic potency of insulin 454 compared to native 
human insulin (in agreement with the HAS-binding nature of insulin). 
 

 

 

 
 
Study No. 206707: in vitro mitogenicity in synchronized L6-hIR cells 
In vitro mitogenicity of insulin 0100-0000-0454 in sunchronized L6-hIR cells [by Novo 
Nordisk A/S, Denmark] 
 
Study design:  This GLP study was to assess the mitogenic potential of the insulin 454, 
compared to three reference compounds – human insulin, humanAspB10 (X-10), and 
IGF-1.  Findings:  The relative mitogenic potency of insulin 454 was found to be 13.1%, 
compared to that of human insulin (100%).  Insulin 454 was found to have a 7.6X lower 
mitogenic potency than human insulin. 
 

 

 
 
Note:  X10 (human AspB10) had much higher mitogenic potency than rh insulin.  That was the 
reason we have asked for 12 month rodent assessment for mammary proliferation for all insulin 
analogues.  In Hansen et al paper, mitogenicity of AspB10 was not due to induced IGF1R binding 
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affinity but to slower dissociation at insulin R [Reference:  Hansen BF, Danielsen GM, Drejer K, 
Sorensen AR, Wiberg FC, Klein HH, and Lundemose AG.  (1996).  Sustained signaling from the 
insulin receptor after stimulation with insulin analogues exhibiting increased mitogenic potency.  
Biochem J 315 (pt 1):271-279.] 
 
Study No. 207059: in vitro mitogenicity in synchornized L6-hIR cells (0-2.5% HSA) 
In vitro mitogenicity of insulin 0100-0000-0454 in sunchronized L6-hIR cells: study 
comprising 5 experiments with 0 to 2.5 wt % HSA [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
L6-hIR cells.  Insulin 454 binds to human serum albumin.  The mitogenic effect of insulin 
454 was expected to be inhibited by HSA added to the cell culture medium.  Three 
reference compounds, HI, IGF-1, and X-10, were used in this study.  Findings:  In the 
absence of HSA, the relative mitogenic potency of insulin 454 was 3.57%.  The 
mitogenic potency was 28X lower than mitogenic potency on human insulin.  The 
ranking of mitogenic potencies (X-10 more mitogenic than insulin, insulin more 
mitogenic than IGF-1) was as expected for the L6-hIR cell system. 
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Study No. 207087: in vitro mitogenicity in HMEC system (0-2.5% HSA) 
In vitro mitogenicity of insulin 0100-0000-0454 in primary human mammary epithelial 
cells (HMEC): study comprising 5 experiments with 0 to 2.5 wt % HSA [by Novo Nordisk 
A/S, Denmark] 
 
Study design:  This GLP study was to examine the mitogenic potential of the insulin 454 
in HMEC cells.  Insulin 454 binds to human serum albumin.  The mitogenic effect of 
insulin 454 was expected to be inhibited by HSA added to the cell culture medium.  Two 
reference compounds, IGF-1, and X-10, were used in this study.  Findings:  In the 
absence of HSA, the relative mitogenic potency of insulin 454 was 3.57%.  The ranking 
of mitogenic potencies (IGF-1 and X-10 more mitogenic than insulin) was as expected 
for the L6-hIR cell system. 
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Study No. 208134: in vitro mitogenicity in COLO-205 cells (0-2.5% HSA) 
In vitro mitogenicity of insulin 0100-0000-0454 in COLO-205 human colon 
adenocarcinoma cells: study comprising 5 experiments with 0 to 2.5 wt % HSA [by Novo 
Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
COLO-205 cells.  Insulin 454 binds to human serum albumin.  The mitogenic effect of 
insulin 454 was expected to be inhibited by HSA added to the cell culture medium.  
Three reference compounds, HI, IGF-1, and X-10, were used in this study.  Findings:  In 
the absence of HSA, the relative mitogenic potency of insulin 454 was 44.3% compared 
to human insulin.  The mitogenic potency was 2.26X lower than mitogenic potency on 
human insulin.  The ranking of mitogenic potencies (IGF-1 and X-10 more mitogenic 
than HI) was as expected for the COLO-205 cell system. 
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Study No. 208181: in vitro mitogenicity in MCF-7 cells (0-2% HSA) 
In vitro mitogenicity of insulin 0100-0000-0454 in MCF-7 human mammary 
adenocarcinoma cells: study comprising 5 experiments with 0 to 2 wt % HSA [by Novo 
Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
MCF-1 cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Insulin 454 binds to human serum albumin.  The mitogenic 
effect of insulin 454 was expected to be inhibited by HSA added to the cell culture 
medium.  Findings:  In the absence of HSA, the relative mitogenic potency of insulin 454 
was 54% compared to human insulin.  The mitogenic potency was 1.85X lower than 
mitogenic potency on human insulin.  The ranking of mitogenic potencies (IGF-1 and X-
10 more mitogenic than HI) was as expected for the MCF-7 cell system.  However, HAS 
exhibited an unexpected inhibitory effect on the mitogenicity of HI as well as X-10 and 
IGF-1 in MCF-1 cells.  Therefore, the MCF-7 cell system should be considered invalid 
for testing insulin analogues under the presence of HSA. 
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Study No. 209374: in vitro mitogenicity in L6-hIR cells (5 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in L6-hIR cells: study comprising 5 
experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
L6-hIR cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 454 
was 13.5% compared to human insulin.  The ranking of mitogenic potencies (X-10 more 
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mitogenic than HI and IGF-1 less mitogenic than HI) was as expected for the L6-hIR cell 
system. 
 

 

 

 
 
Study No. 209375: in vitro mitogenicity in HMEC system (3 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in HMEC cells: study comprising 3 
experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
HMEC cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 454 
was 12.5% compared to human insulin.  The ranking of mitogenic potencies (IGF-1 
more mitogenic than X-10 and X-10 more mitogenic than HI) was as expected for the 
HMEC cell system. 
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Study No. 209376: in vitro mitogenicity in COLO-205 cells (5 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in COLO-205 human colon 
adenocarcinoma cells: study comprising 5 experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
HMEC cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 454 
was 4.72% compared to human insulin.  The ranking of mitogenic potencies (X-10 and 
more mitogenic than HI) was as expected for the COLO-205 cell system. 
 

 

 
 
Study No. 209377: in vitro mitogenicity in MCF-7 cells (5 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in MCF-7 human breast adenocarcinoma 
cells: study comprising 5 experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
MCF-7 cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 454 
was 14.2% compared to human insulin.  The ranking of mitogenic potencies (X-10 and 
IGF-1 more mitogenic HI) was as expected for the MCF-7 cell system. 
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Study No. 209379: in vitro mitogenicity in HMEC system (3 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in HMEC cells: study comprising 3 
experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
HMEC cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 454 
was 7.27% compared to human insulin.  The ranking of mitogenic potencies (IGF-1 
more mitogenic than X-10 and X-10 more mitogenic than HI) was as expected for the 
HMEC cell system. 
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Study No. 209380: in vitro mitogenicity in COLO-205 cells (5 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in COLO-205 human colon 
adenocarcinoma cells: study comprising 5 experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
COLO-205 cells, compared to three reference compound, HI (human insulin), X10 
(human AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 
454 was 6.86% compared to human insulin.  The ranking of mitogenic potencies (X-10 
and IGF-1 more mitogenic than HI) was as expected for the COLO-205 cell system. 
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Study No. 209381: in vitro mitogenicity in MCF-7 cells (3 expts) 
In vitro mitogenicity of insulin 0100-0000-0454 in MCF-7 human breast adenocarcinoma 
cells: study comprising 3 experiments [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
COLO-205 cells, compared to three reference compound, HI (human insulin), X10 
(human AspB10 insulin), and IGF-1.  Findings:  The relative mitogenic potency of insulin 
454 was 10.12 % compared to human insulin.  The ranking of mitogenic potencies (X-
10 and IGF-1 more mitogenic than HI) was as expected for the MCF-7 cell system. 
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Study No. 210073: in vitro mitogenicity in COLO-205 cells 
In vitro mitogenicity of insulin 0100-0000-0454 in COLO-205 human colon 
adenocarcinoma cell line [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
COLO-205 cells, compared to three reference compound, HI (human insulin), X10 
(human AspB10 insulin), and IGF-1.  Findings:  Based on EC50, the relative mitogenic 
potency of insulin 454 was 6.1% compared to human insulin.  Based on EC20 and 
EC80 ratio, the potency was within a range from 5.0 to 7.5%. 
 

 

 
 
Study No. 210107: in vitro mitogenicity in MCF-7 cells 
In vitro mitogenicity of insulin 0100-0000-0454 in MCF-7  human mammary 
adenocarcinoma cell line [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the mitogenic potential of the insulin 454 in 
MCF-7 cells, compared to three reference compound, HI (human insulin), X10 (human 
AspB10 insulin), and IGF-1.  Findings:  Based on EC50, the relative mitogenic potency 
of insulin 454 was 6.8% compared to human insulin.  Based on EC20 and EC80 ratio, 
the potency was within a range from 3.7 to 12.5%. 
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Study No. ARS 15-Feb-2005: lipogenesis in rat adipocytes  
Lipogenic effect of 0100-0000-0454 in primary rat adipocytes [by Novo Nordisk A/S, 
Denmark] 
 
Study design:  This study was to determine the biological potency of 0100-0000-0454 
relative to human insulin, and to assess whether 0100-0000-0454 was a full agonist 
using primary adipocytes from rats.  The assay measured the conversion of 3H-labelled 
glucose into extractable lipid, a process that is dependent on the degree of insulin 
stimulation.  Findings:  The estimated potency of 0100-0000-0545 was 0.55% at 1% 
human serum, and decreased to 0.45% with 2% serum and 0.3% with 5% serum.  The 
insulin 0100-0000-0545 functioned as a full agonist. 
 

 

 
 
Study No. BFH 20-Aug-2005: glycogen synthesis in L6-hIR cells 
Glycogen synthesis in L6-hIR cells [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the effect of insulin 454 on stimulation of 
14C-glucose incorporation into newly synthesized glycogen, compared to human 
insulin, using L6-hIR cells.  The effect of albumin on the estimated ED50 values was 
also investigated.  Increased glycogen synthesis is a classical effect of insulin 
stimulation and could be used to determine the metabolic potency of insulin analogues.  
Findings:  Similar to human insulin, insulin 454 stimulated the glycogen synthesis in L6-
hIR cells, but with a relative potency of 11.5%.  The estimated relative potency 
depended on the HSA concentration, since the estimated EC50 for insulin 454 
increased with increasing HSA levels.   
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Note:  ↑ HAS → ↑ EC50 → ↓ potency for mitogenicity for insulin 454 relative to rh-insulin, probably 
due to insulin binding to HAS. 
 
Study No. BFH 23-Feb-2009: phosphorylation of IR in CHO-hIR cells 
Decline of response in CHO-hIR cells [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the phosphorylation of the insulin receptor 
after stimulation with insulin and insulin 454 (batch 14794/060 and 17672/004) in CHO-
hIR cells.  There is a correlation between increased mitogenic potential and prolonged 
signaling from the receptor.  Therefore, it is undesired for insulin 454 to have prolonged 
signaling potential from the insulin receptor upon stimulation.  Findings:  Insulin 454 had 
the same effect as human insulin in that there was no evidence for prolonged signaling 
after stimulation with insulin 454, since the signal as determined by the IR 
phosphorylation rate, declined as for native insulin. 
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Study No. BFH 23-Feb-2009 GLST MCF7: glycogen synthesis in MCF-7 cells 
Glycogen synthesis in MCF-7 cells [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the effect of insulin 454 on stimulation of 
14C-glucose incorporation into newly synthesized glycogen, compared to human 
insulin, using MCF-7 cells, over 3 hr period. Increased glycogen synthesis is a classical 
effect of insulin stimulation and could be used to determine the metabolic potency of 
insulin analogues.  Findings:  The estimated potency was 7.7% assuming parallel dose-
response curves.  Insulin 454 stimulated glycogen synthesis in MCF-7 cells in a dose-
dependent fashion similar to human insulin.  . 
 

 

 
 
Study No. BFH 23-Feb-2009 Phos DRC: phosphorylation in L6-hIR cells 
IR and PKB Phosphorylation in L6-hIR cells [by Novo Nordisk A/S, Denmark] 
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Study design:  This study was to compare the ability of insulin and insulin 454 to 
stimulate two elements in insulin signaling – auto-phosphorylation of IR and further 
phosphorylation of downstream kinases (i.e. Protein Kinase B, PKB).  Findings:  Insulin 
454 and insulin stimulated phosphorylation of insulin receptor and PKB in a dose 
dependent manner.  This study demonstrated that insulin 454 stimulated these signaling 
cascades as native human insulin but with a lower potency. 
 

 

 
 
Study No. CES15460-041 Jan-2007: binding kinetics for IR in BHK cells 
Insulin receptor binding kinetics [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the association and dissociation rate 
constants for binding of the insulin 454 to the insulin receptor, and to compared with 
those of human insulin, using baby hamster kidney cells (BHK) expressing hIR-A.  
Findings:  The observed rate constants (Kobs) for the association of 125I-human insulin 
and 125I-insulin 454 were 0.0239 and 0.0222 min-1.  The dissociation of both insulins had 
a fast (Koff-2) and a slow (Koff-1) component, reflecting the 2 binding sites for insulin on 
the receptor.  The dissociation rats for each of these components varied slightly.  The 
observed association rate constants contained components of both association and 
dissociation.  As the dissociation rates for human insulin and insulin 454 did not differ, 
the observed association rates would be equally affected by dissociation.  All in all, this 
study showed that the binding kinetics of insulin 454 for the human insulin receptor 
isoform A was similar to that of human insulin. 
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Study No. CES02-Feb-2006: binding affinity for hIGF-1R in BHK cells 
Binding affinity for membrane-associated human insulin-like growth factor-1 receptor 
(hIGF-1R) [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the affinities of human insulin and insulin 
454 for membrane-associated human IGF-1 receptors, using plasma membranes 
purified from baby hamster kidney (BHK) cells, expressing IGF-1 receptor (labeled with 
125I).  Findings:  Binding of 125I-IGF-1 to its receptors was displaced with human IGF, 
human insulin, and insulin 454, with the IC50 was estimated to 0.43, 212, and 51,700 
nm, respectively.  Therefore, in the presence of 0.1% human serum albumin, the 
apparent affinity of insulin 454 relative to human insulin for human IGF-1R was 0.4%.   
 

 

 
 
Note:  Insulin 454 has lower affinity for IGF1R than human insulin, suggesting ↓ mitogenicity as 
IGF1 is implicated in this effect. 
 

 

 
 
Study No. CES 10-Jun-2005: binding affinity of IR in BHK cells 
Binding affinities for recombinant insulin receptor isoforms of human, porcine, and rat 
origin [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the affinities of human insulin and insulin 
454 for membrane-associated human IGF-1 receptors, using plasma membranes 
purified from baby hamster kidney (BHK) cells, expressing IGF-1 receptor (labeled with 
125I).  Findings:  Human insulin and insulin 454 had slightly higher affinity for the short 
isoform of insulin receptors of human, porcine, and rat origin.  The affinities of insulin 
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454 relative to human insulin were not significantly different between short and long 
isoforms of the insulin receptor for all three species.  In addition, the interspecies 
differences in affinity of human insulin and insulin 454 were small between human and 
pig, however, the rat insulin receptor exhibited lower affinities for human insulin as well 
as insulin 454.  The relative affinities between human insulin and insulin 454 were not 
changed.  Moreover, increasing concentrations of human serum albumin attenuated the 
apparent receptor affinity caused by reversible albumin binding of insulin 454. 
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Study No. CES 21-Jan-2005: binding affinity for IR in rat/pig/dog livers 
Binding affinities for porcine, rat, and canine liver insulin receptors [by Novo Nordisk A/S, 
Denmark] 
 
Study design:  This study was to estimate the affinities of human insulin and insulin 454, 
using plasma membrane obtained form livers of pig, rat, and dog (labeled with 125I).  
Findings:  Binding of 125I-insulin to porcine liver insulin receptors was displaced with 
human insulin and insulin 454, with IC50 estimated to be 0.46 and 13 nM, respectively.  
This resulted in an affinity of 3.6% for insulin 454 relative to human insulin.  Binding of 
125I-insulin to rat liver insulin receptors was displaced with human insulin and insulin 
454, with IC50 estimated to be 3.6 and 146 nM, respectively.  This resulted in an affinity 
of 3.3% for insulin 454 relative to human insulin.  Binding of 125I-insulin to canine liver 
insulin receptors was displaced with human insulin and insulin 454, with IC50 estimated 
to be 3.2 and 45 nM, respectively.  This resulted in an affinity of 7.0% for insulin 454 
relative to human insulin.  This study revealed that the porcine insulin receptor affinity 
for insulin 454 relative to human insulin was not significantly different from rat or canine 
insulin receptor affinity, whereas rat vs. canine affinity ratios differed 2 fold.  All in all, the 
apparent affinity of insulin 454 relative to human insulin is reduced due to albumin 
binding.  In the presence of 0.1% human serum albumin, the apparent affinity of insulin 
454 was found to be 3.5% for porcine, 3.3% for rat, and 7.0% for canine liver insulin 
receptors. 
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Study No. CES 28-Sep-2004: binding affinity for IR in human liver 
Binding affinities for porcine, rat, and canine liver insulin receptors [by Novo Nordisk A/S, 
Denmark] 
 
Study design:  This study was to estimate the affinities of human insulin and insulin 454, 
using plasma membrane obtained form human liver (labeled with 125I).  Findings:  
Binding of 125I-insulin to human liver insulin receptors was displaced with human insulin 
and insulin 454, with IC50 estimated to be 0.77 and 22 nM, respectively.  This resulted 
in an affinity of 3.5% for insulin 454 relative to human insulin.  All in all, in the presence 
of 0.1% human serum albumin, the apparent affinity of insulin 454 was found to be 3.5% 
for human liver insulin receptors. 
 

 

 
 
Study No. CES 101122: binding affinity for IGF-1R in BHK cells 
Binding affinities for rat and canine IGF-1 receptors [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to estimate the affinities of human insulin and insulin 454, 
using plasma membrane obtained from baby hamster kidney (BHK) cells, expressing 
the rat and canine IGF-1 receptors and rat insulin receptor (labeled with 125I).  Findings:  
Binding of 125I-human insulin or 125I-IGF-1 to membrane-associated recombinant rat or 
canine IGF-1 receptors and rat insulin receptor isoforms was displaced with human IGF-
1, human insulin and insulin 454.  This study showed that relative to human insulin, the 
affinity of insulin 454 for the rat and canine IGF-1 receptors was 1.2% and 0.7%, 
respectively.  This was well below the relative affinities of insulin 454 for the insulin 
receptors. 
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Study No. CLB3 31-Aug-2005: clamp study in normal and insulin-resistant rats 
Effect of insulin 454 on glucose metabolism under steady state clamp conditions in 
normal Spraque Dawley and insulin resistant Zucker rats [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was 1) to estimate the potency of insulin 454 relative to 
human insulin on whole body glucose disposal and 2) to investigate potential 
preferential effects on target tissues (liver, muscle, and fat tissues), under iv steady 
state clamp conditions in normal and obese/insulin resistant rats.  Insulin 454 and HI 
were infused by IV administration for 5 hrs until steady state in Spraque Dawley (SD) 
and Zucker Obese (ZO) rats.  The mean glucose infusion rate (GIR) to maintain 
euglycemia during the last hour of the clamp was taken as measure of efficacy. 
 

 

 
 
Findings:  In Spraque Dawley (SD) rats, the potency of insulin 454 was 65% or reduced 
by 1.5X relative to HI.  In Zucker Obese (ZO) rats, the potency of insulin 454 was 47% 
or reduced by 2.1X relative to HI.  Similarly reduced potencies of insulin 454 relative to 
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HI were obtained on tracer-determined (3H-glucose) rates of glucose uptake and 
production in SD and ZO rats.  In addition, no preferential effect of insulin 454 compared 
to HI was seen on tracer-determined (14C-2-deoxy-glucose) rates of glucose uptake in 
various skeletal muscles and adipose tissues. 
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Study No. ENis 27-Jul-2005: glycogen synthesis in primary hepatocytes 
Insulin 454 stimulation of glycogen synthesis and inhibition of PEPCK gene expression 
in primary rat hepatocytes: potency and effect of albumin [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to examine the biological effect of the insulin 454 in liver 
cells, using cultured primary rat hepatocytes and to determine the metabolic potency of 
the insulin 454 relative to that of human insulin by measuring glycogen accumulation.  In 
addition, inhibition of PEPCK (phosphoenolpyruvate carboxykinase) mRNA expression 
was also measured as an indicator of the inhibition of glucose synthesis in the liver.  
Insulin is known to mediate inhibition of PEPCK gene expression rather rapidly, 
representing a more acute determination of insulin action in the liver compared to 
glycogen synthesis.   
 
Findings:  Insulin 454 stimulated glycogen storage and inhibited PEPCK mRNA 
expression as human insulin, suggesting that insulin 454 is a IR agonist.  The relative 
potency of insulin 454 in stimulating glycogen accumulation was 21.3% of human insulin 
in the absence of albumin.  The apparent potency decreased with increasing 
concentrations of albumin, suggesting that high albumin binding capacity of insulin 454.  
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The relative potency of insulin 454 in inhibiting PEPCK mRNA expression in rat 
hepatocytes was 13.4 in the presence of 0.1% HSA. 
 

 

 
 
Study No. HanT 30-Aug-2005: lipolysis in human adipocytes 
Potency of insulin 454 in promoting glucose uptake and inhibiting isoproterenol 
stimulated lipolysis and net fatty acid mobilization in human SGBS adipocytes [by Novo 
Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the potency of insulin 454 with regard to the 
metabolic effects in human SGBS adipocytes by using glucose utilization, inhibition of 
isoproterenol-stimulated lyposis (glycerol release), and net factty acid mobilization 
assays.  Findings:  Insulin 454, like human insulin, stimulated glucose uptake and 
utilization and potently inhibited catecholamine-stimulated lipolysis and net fatty acid 
mobilization.  The potency of insulin 454 compared to human insulin in the presence of 
1% human albumin is 1.5% for stimulating glucose utilization, 1.8% for inhibition of 
lipolysis, and 1.7% for inhibition of net fatty acid mobilization. 
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Study No. JRDA 21-Sept-2005: glycogen synthesis in human/rat skeletal muscle 
cells 
Effect of insulin 454 on glycogen synthesis in human and primary rat skeletal muscle 
cells: potency and effect o albumin [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the potency of insulin 454 with regard to the 
glycogen synthesis in human skeletal muscle cells (XM5) and primary rat muscle cells.  
Findings:  In 1st set of experiment, the estimated potencies relative to human insulin 
ranged 2.7-5.2% in human and from 1/1 to 10.1% in rat skeletal muscle cells with 0.1% 
human serum albumin in the medium.  There was no difference for maximal effect 
between human insulin and insulin 454.  In 2nd set of experiments, the reduced potency 
was observed when the albumin concentration increased.   
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Note:  ED50 for glycogen synthesis in muscle cells increases for human insulin when HAS 
concentration increases but decreases for insulin 454, suggesting ↓ affinity for insulin for ↑ 
affinity for insulin 454. 
 
Study No. LSc 16-Feb-2005: binding affinity for IR/IGF-1R in BHK cells 
Binding affinity of NNC 0100-0000-0454 to human insulin receptor (A and B) an dIGF1 
receptor [by Novo Nordisk A/S, Denmark] 
 
Study design:  This study was to determine the affinity of insulin 454 for the 2 isoforms 
of the human insulin and for the human IGF-1 receptor in transfected BHK cells.   
Findings:  The affinity of insulin 454 for both isoforms of the insulin receptor was similar 
and that that relative affinity for the IGF-1 receptor was lower. .The affinity of insulin 454 
for IRA was 13% whereas the affinity of insulin 454 for IRB was 15% compared to that 
of human insulin.  The affinity of insulin 454 for the human IGF-1 receptor was 2% 
compared to that of human insulin and 0.05% compared to that of IGF-1 itself. 
 

 

 
 
Study No. UIR060801-100 Feb-2007: clamp study in pigs with clinical batches 
Action profile of two clinical batches of insulin 454; (0.6 mM, 6 Zn/6 insulin 454 vs. 1.2 
mM, 3 Zn/6 insulin 454).  A Euglycaemic clamp study in pigs [by Novo Nordisk A/S, Denmark] 
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Study design:  This study was to characterize 2 different formulations of insulin 454 
used in clinical trials.  Seven pigs received the two clinical preparations in random order, 
whereas 4 pigs received a research insulin 454 preparation twice (via sc injection).  
Plasma samples were collected for glucose and insulin 454 determinations.  Findings:  
The glucose utilization and profile of the infusion rats used to maintain euglycaemia 
were different for the 2 clinical preparations.  The action profile of the 6 Zn/0.6 mM 
preparation was flatter and less peaked than the 3 Zn/1.2 mM preparation.  The action 
profile of the research preparation was found to lie between those of the 2 clinical 
preparations. 
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Study No. UIR 09-Sep-2005: clamp study in pigs with insulin 454 and insulin 454 + 
insulin aspart 
Effect profile of insulin 454 and insulin 454/insulin aspart combinations.  A Euglycaemic 
clamp study in pigs [by Novo Nordisk A/S, Denmark] 
 
Study design:  The study was to characterize an equipotent once daily basal insulin 454 
and in addition with insulin aspart without blunting the individual activity profiles.  Thirty 
pigs participated in 5 separated experiments.  They were treated with either insulin 454 
(3 Zn/6 insulin 454) of the insulin454+aspart.  Blood samples were collected and 
analyzed for insulin 454 and insulin aspart.  Finding:  In pigs receiving insulin 454, the 
time to peak activity (i.e. max. glucose infusion rate GIR) occurred at about 6 hr and the 
duration of action was 18 hrs.  Insulin combined in different ratios with aspart showed 
that decreasing concentrations of insulin 454 resulted in less blunting of insulin aspart.  
At a ratio of 1:2 of aspart/insulin 454 (30/70 combination), blunting of the aspart profile 
was insignificant while at ratios of 1:5 or 1:8, blunting was observed. 
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4.3 Safety Pharmacology 

Study No. 204275: CV effect in dogs  
Effect on cardiovascular parameters recorded by telemetry in conscious Beagle dogs [by 
Novo Nordisk A/S, Denmark] non-GLP 
 
Study design:  This telemetry non-GLP study was to evaluate the effect of sc 
administration of insulin 454 on CV parameters in the conscious 5 Beagle dogs (24 
nmol/kg insulin or vehicle).  Each dog served as its own control and received vehicle 
and insulin with min. 3 days wash-out period in between.  The following parameters 
were analyzed: systolic, diastolic, mean arterial blood pressure, heart rate, and ECG 
time intervals (PQ-, QRS-, and QT intervals).  Heart rate (bpm) was obtained from the 
ECG (signal counting beats with the 30s data acquisition period). 
 
Findings:  Insulin 454 had no significant effects on systolic, diastolic, or mean blood 
pressure up to 24 hrs after dosing in dogs.  Heart rate tended to increase (but not 
significant) following dosing of insulin 454, probably as a consequence of a significant 
fall in blood glucose.  There was no change in the ECG following insulin or vehicle 
control.  Blood glucose measured before and after treatment (24 hr) showed significant 
decrease following insulin 454.  All in all, insulin 454 given 24 nmol/kg sc to conscious 
Telemetered dogs had no significant effects on CV parameters, blood pressure, heart 
rate or ECG up to 24 hrs after dosing, despite a significant fall in blood glucose, 24 hrs 
after dosing in the insulin 454 treated dogs. 
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Note:  The 300 nmol/kg produced toxicity in this study but not in the study 205157 above.  It is 
unclear why that was since the same batch of test article and CRO were used in both studies.s 
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Findings:  There were no effects observed following administration of 4, 8, or 12 
nmol/kg insulin 454 in any parameters measured, except for heart rate which was noted 
to increase in 2 animals 20 min after the start of the 8 nmol/kg dose, and in another 
animal 20 min after the start of the 12 nmol/kg dose. 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Absorption 
STUDY NO. 204342: SINGLE-DOSE IV/SC PIG STUDY 
Pharmacokinetics after single intravenous and subcutaneous administration to pigs [by 
Novo Nordisk, Denmark] non-GLP 
 
Study design:  This non-GLP study was to evaluate the PK after IV and SC dosing with 
insulin 454 (batch AF-IT-K2_001) in LYD pigs.  Six female pigs were given a single sc 
injection at 1, 2, and 4 nmol/kg on the lateral side of the neck in a cross over design.  
The IV dose of 2 nmol/kg was administered through an ear vein.  Blood samples were 
collected at various time points. 
 

(sc injection) 

 
 
Findings:  Insulin 454 was eliminated fast from plasma following iv administration.  
Absorption following sc administration took place immediately with maximal plasma 
concentration 2-3 hrs after dosing in pigs.  Bioavailability was in the range of 55-73% 
following sc administration.  The mean plasma Cmax and mean AUC vs. the dose 
indicated a dose proportional exposure due to linear PK in the range of 1-4 nmol/kg.  
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STUDY NO. 206015: SINGLE-DOSE IV/SC DOG STUDY 
A 7-day pharmacokinetic study of insulin 454 from 3 Zn and 6 Zn formulation in dogs [by 

] GLP 
 
Study design:  This GLP study was to investigate the PK of insulin 454 in dogs following 
a single iv administration (on Day 1) and following steady state (6 days; Days 3 to 8) sc 
administration from 2 formulation of insulin 454 with 3 Zn per 6 insulins (batch 
412_NO5169) and insulin 454 with 6 Zn per 6 insulins (batch 412_NO6048).   
 

 

 
 
Findings:  The PK of insulin 454 in dogs following a single iv administration and 
following steady steate sc administration from 2 formulations of insulin 454 showed no 
insulin 454-related effect on clinical signs, body weight gain, and food consumption.  
Based on AUC0-24, dose proportionality was seen for both formulations following iv or sc 
administration.  No consistent differences in Cmax and AUC0-24 were observed between 
two formulations.  However, there was a tendency towards a slightly longer apparent 
half life for 6 Zn per 6 insulin formulation as compared to 3 Zn per 6 insulin formulation 
after both iv and sc administration.  Clearance and Vd were comparable and did not 
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change with doses.  Accumulation was observed for both formulation (more on 6 Zn per 
6 insulin formulation).  No gender difference was seen based on Cmax and ACU0-24.   
 

 

 
 

 
 
STUDY NO. 206016: SINGLE-DOSE IV/SC RAT STUDY 
A 7-day pharmacokinetic study of insulin 454 from 3 Zn and 6 Zn formulation in rats [by 

] GLP 
 
Study design:  This GLP study was to investigate the PK of insulin 454 in dogs following 
a single iv administration (on Day 1) and following steady state (6 days; Days 3 to 8) sc 
administration from 2 formulation of insulin 454 with 3 Zn per 6 insulins (batch 
412_NO5169) and insulin 454 with 6 Zn per 6 insulins (batch 412_NO6048).   
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Findings:  There was no treatment-related effect on clinical signs, body weight gain, and 
food consumption.  No difference in clearance was observed following iv administration 
in rats.  Insulin 454 showed linear PK (as dose proportional exposure in terms of Cmax 
and AUC) following sc dosing in the range 25-150 nmol/kg.  There was no 
accumulation.  In addition, a change of insulin 454 formulation from 3 Zn to 6 Zn per 6 
insulins resulted in unchanged values of insulin 454 AUC and slightly lower values of 
plasma insulin 454 Cmax, suggesting an exposure of a longer duration of exposure to 
insulin 454 in the blood. 
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collected at 3, 12, and 24 hrs (sc dose) or 30 min, 3, and 12 (iv dose) via cardiac 
puncture.   
 
Findings:  The half-life of radioactivity was about 25 hrs, regardless the dose routes.  
AUC values were higher for plasma than for whole blood for both routes.  When 
normalized for the dose levels, the AUC values were similar for both routes. 
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STUDY NO. 211057: SINGLE-DOSE IV/SC DOG STUDY 
Pharmacokinetics in the Beagle dog after intravenous and subcutaneous administration 
[by Novo Nordisk] non-GLP 
 
Study design:  This non-GLP study was to assess the PK of IDeg administered as a 
single dose by iv or sc injection to Beagle dogs and to assess the absolute and relative 
systemic bioavailability.  Eight male dogs were dosed in a latin-square cross-over 
regimen using 2 formulations, 2 different dose levels, and iv or sc dosing.  Treatment A 
was 0.24 nmol/kg formulated in NaCl (iv) and treatment B was 0.24 nmol/kg formulated 
in standard vehicle (iv).  Treatments C (iv) and D (sc) were 2.4 nmol/kg, formulated in 
standard vehicle.   
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nominal dose level of 6 nmol/kg.  Animals were sacrificed at 5, 10, and 20 min after 
dosing and prepared for whole-body autoradiography. 
 
Findings:  Radioactivity was widely distributed at all sample times, although peak levels 
occurred in most tissues at 20 min post-dose.  Concentrations of radioactivity in tissues 
were less than that in plasma at all sampling times.  Highest concentrations of 
radioactivity in other tissues were mostly associated with the blood, lung, and kidney.  
Lowest concentrations of radioactivity were generally present in the CNS, white fat, 
brown fat, testis, and the lens of the eyes.  Systemically available test substance was 
eliminated by both the renal and biliary routes. 
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2.22 MBq/kg, prior to plasma collection.  Plasma was isolated 3, 12, and 24 hrs after sc 
administration and 0.5, 3, and 12 hrs after iv administration.  The selected urine 
samples were collected 0-12, 12-24, 24-48, and 48-72 hrs after sc administration.  The 
selected feces samples were collected 0-24, 24-48, and 48-72 hrs after sc 
administration.  The selected bile samples were collected 0-2, 2-4, 6-12, and 12-24 hrs 
after sc administration. 
 
Findings:  In urine and feces collected 0-72 hrs and bile collected 0-24 hrs after sc 
administration, a large number of components (total of 10, 11, and 10 chromatographic 
regions respectively) were detected.  The most abundant compound, 6% of the 
administered dose, was excreted in the urine sample.  The most abundant compound, 4 
and 2 % of the administered dose, was excreted in feces and bile samples.  In urine, 
feces, and bile samples, one component most likely tritiated water was eliminated more 
slowly than the other components. 
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STUDY NO. 207309: METABOLITE PROFILE VIA SINGLE-DOSE SC RAT STUDY 
[3H]-insulin 454: metabolite profiling of plasma from male and female Wistar rats 
following single subcutaneous administration [by Novo Nordisk, Denmark] GLP 
 
Study design:  This GLP study investigated the levels of metabolites and unchanged 
insulin 454 in plasma from rats administered with [3H]-insulin 454.  Animals were 
administered with nominal single sc dose of 25 nmol/kg [3H]-insulin 454 (males in group 
A and females in group B) and 250 nmol/kg [3H]-insulin 454 (males in group C), and 
radiochemical dose in the range 22-23 MBq/kg.  Terminal blood was collected 1, 3, 5, 8, 
and 12 hr after administrated and mixed with 0.5 mM diamide.   
 
Findings:  Unchanged insulin 454 was the major component in the analyzed plasma 
samples.  Insulin 454 accounted for 69-76% of total AUC, whereas the AUCs for the two 
metabolites P2 and P3 corresponded to 12-15 and 12-17% respectively (0-12 h after 
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administration).  A component, most likely drug-related water, was detected in plasma 
which was regarded to have no impact on safety studies. 
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Up to 5 regions of radioactivity were resolved in serum by HPLC.  Unchanged insulin 
454 was the principal component identified at time points up to 6 hrs post iv and 12 hrs 
post sc administration.  Region S1 was likely to be tritiated water.  The relative system 
exposure of S1 compared to that from total radioactivity was approx 17 and 7% 
following sc and iv administration respectively.  In addition, the other major regions, S2, 
S3, and S4, showed systemic exposures relative to that from total radioactivity of 
between 11-13% following sc and 9 and 10% following iv administration. 
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STUDY NO. 209425: METABOLITE PROFILE (STRUCTURAL CHARACTERIZATION) VIA 
SINGLE-DOSE SC RAT STUDY 
[3H]-insulin 454: structural characterization of metabolites in plasma from the male 
Wistar rat following single subcutaneous administration [by Novo Nordisk, Denmark] non-GLP 
 
Study design:  This study was to obtain information on the structure of metabolites form 
insulin 454 in plasma after administration with [3H]-insulin 454 in rats.  Ten male rats 
were given a nominal single sc dose of 250 nmol/kg [3H]-insulin 454 and a nominal 
radiochemical dose of 50 MBq/kg.  Terminal blood was collected 3 hr after dosing.  The 
plasma components of insulin were analyzed by HPLC and UPLC-MS/RAM and UPLC-
MS/MS were used for further structure characterization. 
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Findings:  The structures of 3 components in plasma from rats administered with [3H]-
insulin 454 were characterized.  The most abundant plasma component was insulin 
454, one of the minor components P2 (a molecule with the same molecular weight, 
primary aa structure and fatty acid moiety as insulin 454), and second minor component 
P3 (the B chain of insulin 454 with a crosslink between the B chain cysteines and intact 
fatty acid moiety). 
 

 

 
 
STUDY NO. 210241: CYP450 ENZYME PROFILE VIA REPEAT-DOSE SC RAT STUDY 
Study to investigate the effect on liver cytochrome P450 enzymes after subcutaneous 
administration to Han Wistar rats for 2 weeks, with NPH insulin as comparator [by 

] GLP 
 
Study design:  This study was to determine the effect on CYP450 enzymes from once 
daily sc treatment with IDeg for 2 week (vs. NPH insulin).  Three groups (5 males and 5 
females) received IDeg at 25, 100, 0r 150 nmol/kg/day and one group (5 males and 5 
females) received NPH insulin at a dose of 100 nmol/kg/day.  Endpoints included 
clinical signs, body weight, food consumption, organ weight, cytochrome P450 assays, 
and gross pathology. 
 
Findings:  The data showed that following sc administration of IDeg at 25, 100, and 150 
nmol/kg/day to rats for 2 weeks, only a minor response to treatment was observed.  The 
CYP450 activities (expressed per g liver) were unchanged at the lowest dose.  None of 
the activities in the mid and high dose groups were changed higher than 1.9X or lower 
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than 0.8X.  All effects of IDeg were quantitatively similar to those elicited by NPH 
insulin.  All in all, IDeg and NPH insulin administrations to the rat did not have a major 
impact on the regulation of CYP enzymes at the dose levels tested. 
 

 

 

 
 

 

Reference ID: 3138839



NDA #: 203314 (Insulin Degludec)  Reviewer: Miyun Tsai-Turton 
 

86 

 

 
 
STUDY NO. 210344: METABOLITE PROFILE VIA SINGLE-DOSE SC LACTATING RAT 
STUDY 
[3H]-insulin degludec: metabolite profile analysis of milk and plasma from lactating rats 
following single subcutaneous administration [by Novo Nordisk, Denmark] 
 
Study design:  This study was to obtain information on the relative proportions of 
metabolites and unchanged IDeg in milk and plasma from lactating rats following sc 
administration of 25 nmol/kg [3H]-insulin 454, a radiochemical dose of 70 MBq/kg and a 
target dose volume of 5 mg/kg.  The milk and blood were collected at various time 
points. 
 
Findings:  In milk, 4 components were detected including unchanged IDeg, 2 
metabolites, and water formed from the IDeg metabolism.  IDeg and on of the 
metabolites were the principal components after water.  IDeg and 2 metabolites 
accounted for 26, 26, and 2% of the total AUC, respectively.  In plasma, 7 components 
were detected including unchanged IDeg as the principal component, 5 metabolites, 

Reference ID: 3138839





NDA #: 203314 (Insulin Degludec)  Reviewer: Miyun Tsai-Turton 
 

88 

highest levels of radioactivity were contained in the carcass (25.2%), urine (24.6%), and 
bile (18.1%), with only 8.9% present in feces.  In addition, elimination of radioactivity 
occurred mostly in the 1st 48 hrs in all animals.  
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animals.  Main study was done in 5 M and 5 F.  Clinical signs (at 15 min, 1, 3, 5, and 8 
hrs on Day 1 and once daily for 14 days) and body weight (Days 1, 2, 3, 8, and 15) were 
recorded.  Macroscopic examination was done in these animals. 
 
Findings:  A single sc injection up to 24000 nmol/kg of NNC 0100-0000-0454 in rats 
followed by a 14-day observation period showed that there was no test article-related 
toxicity. 

6.2 Repeat-Dose Toxicity 

Study No. 204316: 2 wk SC DFR study in rats 
2-week dose range finding study by subcutaneous administration and single dose 
pharmacokinetic study by intravenous administration in Wistar rats [by Novo Nordisk A/S, 
Denmark] 
 
Study design:  This non-GLP study was to assess the PK parameters of PASIA 0100-
0000-0454 (batch AF-IT-K2-001) in rats based on a 2-week DRF sc study (at 0, 37.5, 
75, 150, and 300 nmol/kg) and a single dose iv study (at 7.5 nmol/kg).  Endpoints 
included clinical signs, body weight, blood glucose, organ weight, 
macroscopic/microscopic examination, and TK. 
 

 
 
Findings: 

 NNC-0100-0000-0454 given by sc injection to rats for 14 days up to 300 mg/kg/day 
was well tolerated.  No mortalities and clinical signs were observed.  Mild local 
reactions were seen at the injection sites but there was no difference between 
control and treated animals. 

 Blood glucose lower effect was observed approx. 1 hr after dosing and up to 8 hrs 
after dosing in animals treated at > 37.5 nmol/kg/day (Day 0) and in animals treated 
at > 75 nmol/kg/day (Day 13). 

 The relative liver weight of animals treated at 150 and 300 nmol/kg/day were lower 
compared to the control.  Decreased rarefaction (glycogen vacuolization) was seen 
at the 300 mg/kg/day group. 

 The hemorrhage and cell minimal infiltration in the skin were caused by the injection 
and there was no difference between the control and treated groups. 
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 TK analysis (sc):  systemic exposure of rats to NNC-0100-0000-0454 was confirmed 
in all treated groups.  Exposure increased proportionally with dose. 

 
Study No. 204317: 2 wk SC MTD study in dogs 
Maximum tolerated dose study by subcutaneous administration and pharmacokinetic 
study by intravenous administration to Beagle dogs [by Novo Nordisk A/S, Denmark] 
 
Study design:  This non-GLP study was to investigate the tolerance and toxicity of NNC 
0100-0000-0454 (batch AF-IT-K2-001) in dogs from a MTD sc study (dose-escalation 
phase - 1.5-30 nmol/kg single dose for 4 consecutive days followed by a 3-day 
treatment-free period and fixed-dose phase – 24/18/12 nmol/kg daily repeat dose for 14 
days) and a single dose iv study (at 1.5 nmol/kg).  Endpoints included clinical signs, 
body weight, food consumption, haematology and clinical chemistry, urinalysis, antibody 
analysis, organ weight, macroscopic/microscopic examination, and TK analysis. 
 

 

 
 

 

 
 

 

 
 
Findings: 
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 Clinical Chemistry: Weeks 13 and 26, at the end of the recovery period  

 
 
Decreased group mean blood glucose on clinical chemistry was seen.  Serum glucose 
levels were affected in both genders with a dose-related manner.  This was the 
expected pharmacological effect of insulin 454 and insulin NPH. 
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 Urinalysis: Weeks 13 and 26, at the end of the recovery period 

 
 
No treatment-related findings were seen. 
 

 Gross Pathology: necropsy 
 
Red discoloration was seen at the sc injection site in few animals in all main study dose 
groups.  Oedema and hemorrhages were seen in 1 MD (8 nmol/kg insulin 454) female.  
These changes were likely related to the dosing procedure.  No finding was seen at 
injection sites of the recovery animals. 
 

 Organ Weights: necropsy 
 
There was a statistically significant higher absolute weight of thymus in Group 3 males.  
A statistically significantly higher weight of the adrenal was seen in Group 5 females 
compared to Group 1.  No other findings were noted. 
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 Histopathology: necropsy 
Adequate Battery: Yes 
Peer Review: Yes 

 
 
Minimal to marked sc hemorrhage, minimal to moderate sc inflammation and/or minimal 
focal subcutaneous necrosis were seen in few animals in all main study control and 
insulin 454 treated dose group.  There changes were considered to be related to the 
dosing procedure.  Similar changes were seen in the insulin NPH treated group.   
 
Minimal to moderate decreased diffuse rarefaction was seen in the liver of 3 HD animals 
(12/10/8 nmol/kg insulin 454) and 1 NPH insulin animal (8 nmol/kg).  This was likely 
treatment-related effect due to pharmacological action of insulin, suggesting hepatic 
glycogen depletion.  No such changes were seen in the liver of the recovery animals. 

Reference ID: 3138839

























NDA #: 203314 (Insulin Degludec)  Reviewer: Miyun Tsai-Turton 
 

114 

 

 
 
Findings: 

 This study showed that sc dosing at 100 or 200 nmol/kg resulted in test article 
related clinical signs and mortalities (only at 200 nmol/kg) attributed to 
hypoglycaemia.  Hypoglycaemia-related clinical signs were seen in both groups but 
most pronounced at 200 nmol/kg. 

 Food consumption (but not body weight) was affected. 
 Several changes were detected in hematological (i.e. hematocrit, hemoglobin, RBC 
counts and etc), clinical pathology (i.e. glucose, bilirubin, albumin, and etc), 
urinalysis (i.e. decreased volume and increased specific gravity, pH, and etc).  
These changes were likely as a result of the metabolic activity of insulin and a 
decreased hepatic activity.  Decreased Liver weights were observed in treated 
groups with no test-article related macroscopic findings. 

 No NOAEL was established.   
 TK analysis:  Rats were exposed to insulin 454.  The AUC remained constant with 
the increase in dose, but increased from Day 1 to Week 11 at each dose level.  No 
gender differences were observed.   

 
Study No. 206539: 12 mo SC toxicity study in rats [PIVOTAL] 
A 52-Week toxicity study in rats with daily subcutaneous administration of insulin 
454 

Study no.: 206539 
Study report location: Novo Nordisk, Denmark 

Conducting laboratory and location:  
Date of study initiation: July 3  2007 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Insulin 454, batch number TLDP008; NPH 
insulin comparator, batch number 
TS60968, *Purity not demonstrated 

 
KEY STUDY FINDINGS 

 Daily sc injection to rats for 52 weeks with insulin 454 at dose 0, 20 (LD), 65/50/40 
(MD), or 100/80/60 (HD) nmol/kg/day (vs. 65/50/40 nmol NPH insulin kg/day) 
resulted in dose-related clinical signs of hypoglycaemia (i.e. ataxia, lethargy, 
convulsions, and etc.) and mortality in MD/HD groups.  Due to hypoglycemia-related 
deaths; middle and high doses were lowered twice mid-study. 
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Observations and Results 
 

 Mortality/ Clinical Signs: daily 
 
Besides hypoglycaemia-related clinical signs, o other treatment related signs were 
observed. 
 

 
 

 Body Weights/Food Consumption: Day 1 and weekly thereafter 
 
No treatment-related differences were seen in body weight and food consumption 
among groups. 
 

 Ophthalmoscopy: pretreatment, Week 25/26, at study termination 
 
No treatment-related adverse ophthalmoscopy changes were seen. 
 

 ECG: n/a  
 

 Hematology: Week 26/27 and the week prior to study termination 
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A decrease in the liver enzymes (ALT and AST) was seen mainly in Groups 3, 4, and 5 
in Weeks 26 and 52.  An increase in the glucose level was observed in a dose-
dependent manner at Weeks 26 and 52 (expected pharmacological effect of insulin).  
The table below showed the values where a significant difference was observed. 
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 Urinalysis: Week 26/27 and the week prior to study termination 
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An increase in ketones was observed in Groups 3 and 4 females in a dose dependent 
manner (secondary to the pharmacological effect of insulin).  The table below showed 
the values where a significant difference was observed.  In addition, there was an 
increased number of crystals in the urine Group 4 females (with no histological 
correlation). 
 

 
 

 Gross Pathology: necropsy 
 
Macroscopic evaluation of the masses was done during the in-life phase.  The red 
discoloration was seen in the subcutis at the injection sites with no difference in 
incidence between groups 1-5.  No other test article related findings were seen. 
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 Organ Weights: necropsy 
 
A decrease in liver weight (absolute and relative) was seen for males in a dose-
dependent manner, but only the relative liver weight was seen for females in Group 4.  
This might associated with decreased ALT and AST activities and depletion of stored 
glycogen.  In addition, a decrease in absolute kidney weight was observed in Groups 3-
5 males.  This might related to the pharmacological action of insulin causing glycogen 
depletion in healthy rat with insulin.  No correlating histopathological changes were 
observed. 
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when compared to controls.  2) A minimal increased incidence of lymphoid atrophy 
in the thymus in some treated groups (Groups 2, 4 and 5) when compared to 
controls.  3) A slight increase in cortical basophilic tubules in the kidneys was 
reported in Group 4.  All these findings mentioned above were within histological 
background range or related to stress.  4) There was a spectrum of changes 
associated with minimal/slight inflammation in subcutis at the injection sites from all 
groups including controls (related to the injection procedure). 

 In females:  1) The incidence of the various cyclic stages (by assessing the 
histological appearance at all levels of the reproductive tract i.e. ovary, cervix, and 
vagina) was considered to be comparable across all groups (Groups 1-5) and as 
such not affected by treatment.  2) There was also a spectrum of changes 
associated with minimal/slight inflammation in subcutis at the injection sites from all 
groups including controls (related to the injection procedure). 

 
Neoplastic findings: 

 A few tumors were observed, however, they were not considered test article related 
(within background findings).  Note:  It is rare to see tumors in chronic toxicity studies. 

 Insulin 454 did not cause an increase in mammary or other tumors compared to 
controls (vehicle-only and NPH-treated rats). 

 There was not a significant increase in mammary hyperplasia in males or females. 
 There were also no test article-related increases in palpable masses among male or 
female study animals. 

 

 
 

 

Reference ID: 3138839



NDA #: 203314 (Insulin Degludec)  Reviewer: Miyun Tsai-Turton 
 

124 

 
 

 

Reference ID: 3138839



NDA #: 203314 (Insulin Degludec)  Reviewer: Miyun Tsai-Turton 
 

125 

 
Note:  3 mammary gland nodules (in Group 2 females) noted on page 120 (macroscopic evaluation 
of masses (females)) corresponded to 3 fibroadenoma and 2 adenocarcinoma findings in Group 2 
females. 

Table 4 Histopath Summary for Pivotal 12-month Toxicity Study in Rats.  
HISTOPATH SUMMARY REPORT (SELECTED) 
[Note: only one set of summary tables was included here.  For the remaining summary tables and 
individual data, please see the actual study report for details.] 
 
MICROSCOPIC FINDINGS BY ORGAN/GROUP/SEX STATUS AT NECROPSY 
MALE 
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 Toxicokinetics/Glucose Monitoring: Day 1, Week 25, and Week 52 
 
All animals dosed with insulin 454 appeared to have been systemically exposure to the 
test article.  The effect on the serum glucose level was most pronounced 3 hrs after 
dosing.  The serum exposure to insulin 454 was similar for males and females.  
However, there was a slight tendency of higher total exposure (AUC0-24h) in males but 
somewhat higher peak concentration (Cmax) in females in Weeks 25 and 52.  Overall, 
the observed treatment and dose related effects on the lowering of serum glucose 
levels were the expected pharmacological effect of the test article and NHP.  The 
duration of the serum glucose lowering effect of the prolonged acting insulin 454 and 
the NPH insulin was 1-9 and 1-3 hr, respectively. 
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 Dosing Solution Analysis 
 
The results of the dose formulation analysis were generally in accordance with the 
expected levels (ranging 80-124% of the nominal concentration). 

7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
Not conducted. 

7.2 In Vitro Assays in Mammalian Cells 
Not conducted. 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
Not conducted. 

7.4 Other Genetic Toxicity Studies 
Not conducted. 

8 Carcinogenicity 
Not conducted. 
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 One MD, 1 HD, and 1 NPH females died.  Clinical signs related to these deaths 
included unresponsive or vocalization behavior, slow respiration, convulsions, and/or 
body tremors. 

 There were no effects on body weight gain and food consumption in males.  On the 
other hand, body weight was not affected but higher food consumption was 
observed in MD or HD insulin 454 group from Days 1-7 and insulin NPH from Days 
4-7 compared to the control group. 

 Glucose analysis showed that lower serum glucose concentrations were measured 
in MD/HD insulin 454 or insulin NPH groups at 3 and 6 hrs  (but returned to normal 9 
hrs after dosing) after dosing on Day 17 after mating when compared to controls. 

 In addition, insulin 454 or insulin NPH did not affect estrous cycles, pre-coital 
interval, mating performance, and fertility and corpora lutea counts.  No conclusive 
adverse effect of insulin 454 or insulin NPH on post-implantation loss or the sex 
ratio.  Lower mean fetal/placental weights in MD/HD insulin 454 and insulin NPH 
groups compared to the control (likely reflect the higher mean live litter sizes in these 
groups).  No test article related macroscopic findings in dams or fetuses.   

 Male reproductive organ weights were not affected by the treatment.   
 TK analysis:  The rate and systemic exposure to pregnant female rats to insulin 454 
appeared to be dose-independent over the dose range 25-150 nmol/kg/day on Day 
17 after mating. 

 

 
 
Insulin 454 did not affect fertility and mating performance, implantation, and number of 
live fetuses.  In addition, there were no test article-related macroscopic fetal 
abnormalities during external examination.  There was few deaths in both insulin 454 
(MD/HD groups) and insulin NPH, likely attributed to hypoglycaemia.  Based on this 
study, the doses for the pivotal study should be slightly reduced (i.e. max. of 125 
nmol/kg/day insulin 454 and 90 nmol/kg/day insulin NPH). 
 
Study No. NN206076: Seg I/II rat [PIVOTAL] 
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Combined fertility and embryo-fetal toxicity study in the Han Wistar rat by 
subcutaneous administration 

Study no.: NN206067 
Study report location: Novo Nordisk 

Conducting laboratory and location:  
Date of study initiation: Sept 6  2006 (protocol approval) 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: 412-N06048 
 
KEY STUDY FINDINGS 

 There were no clinical signs observed in rats receiving insulin 454 at 0, 20, 80, and 
125 nmol/kg/day (vs. 80 nmol/kg/day insulin NPH).   

 No adverse effects on body weight and food consumption were noted. 
 No insulin 454 related macroscopic findings were observed.   
 Insulin 454 did not have any effects on estrous cycles, pre-coital interval, male 
reproductive organ weights, fertility and mating performance, implantation and 
number of live fetuses. 

 There were higher than expected incidence of major fetal abnormalities in insulin 
NPH group.  There were also increases in minor skeletal abnormalities in the insulin 
NPH and insulin HD group (to a limit extend at LD group).  There were minor 
differences from normal that were detected relatively frequently. 

 NOAEL for fertility in rats was 125 nmol/kg/day. 
 NOAEL for embryo-fetal development was < 20 nmol/kg/day (based on skeletal 
malformation at 80 and 125 nmol/kg/day groups and variations at 20, 80, and 125 
nmol/kg/day groups). 

 
Methods 

Doses: 0, 20, 80, 125 nmol/kg/day (vs. 80 nmol/kg/day 
NPH) 

Frequency of dosing: Once daily 
Dose volume: 0.5 ml/kg 

Route of administration: Sc injection 
Formulation/Vehicle: Phenol 1.50 mg/ml, m-Cresol 1.72 mg/ml, 

glycerol  
mg/ml in water for injection (pH 7.4) 

Species/Strain: Han Wistar rats 
Number/Sex/Group: 22/sex/group 

Satellite groups: n/a 
Study design: Based on NN206075 Seg I DRF rat study 

Deviation from study protocol: There were no deviations from protocol. 
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Observations and Results 
 

 Mortality/Clinical Signs: twice daily 
 
No clinical signs were observed.  Slight erythema and eschar formation were seen on a 
few occasions in 1 HD female. 
 

 Body Weight: twice weekly 
 
Insulin 454 had no effect on body weight in both males and females. 
 

 Feed Consumption: twice weekly 
 
Higher food consumption was observed in insulin NPH males (Days 1-3, 11-14, 18-21, 
and 25-28 prior to paring) and in insulin 454 HD females (Days 1-3 and 4-7 prior to 
paring).  On the other hand, lower food consumption was recorded in insulin 454 HD 
and insulin NPH females during Days 18-19.   
 

 Toxicokinetics 
 

 Dosing Solution Analysis 
 
All were within the estimated analytical concentrations. 
 

 Necropsy: Day 20 
 
No test-article related macroscopic findings were observed.  Bruising at injection site 
was observed across all groups. 
 

 Organ Weights: at Termination (including epididymides, prostate, seminal vesicles, 
testes) 
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Insulin 454 or insulin NPH had no effect on male reproductive organ weights. 
 

 

 
 
Note:  No maternal toxicity noted at 125 nmol/kg/day but the DRF study (NN206075) had deaths at 
100 and 150 nmol/kg/day. 
 

 Estrous Cycles: 10 days prior to pairing, daily vaginal smears 
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Estrous cycles were not affected by insulin 454. 
 

 
 

 Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation 
Loss, etc.) 

 
Mating performance and fertility were not affected by insulin 454. 
 

 
 

 Litter Data:  
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Insulin 454 did not have an effect on pregnancy outcome (1 control, 1 LD, 1 NPH 
females were not pregnant).  In addition, mean fetal and placental weights were not 
affected by insulin 454 or insulin NPH. 
 

 
 

 
 

 Fetal Pathology: assessment of visceral/skeletal development 
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There were no test article related major fetal abnormalities.  Slight higher incidence of 
fetuses/litters with the major abnormalities of short/bent/thickened humerus or bent 
scapula were seen in MD/HD (as well as NPH).  The applicant stated that these findings 
were within historical range and historical control data was provided by the applicant 
(see tables below). 
 
Higher incidence of fetuses/litters with the minor abnormalities (i.e. precocious 
ossification, ribs with costal cartilage and offset alignment of pelvic girdle) were also 
observed.  Minor fetal abnormalities considered to be related to insulin 454 were 
confined to 1) higher than expected incidences of precocious ossification of the cervical 
vertebral centra in all groups and 2) 13/14 or 14/14 ribs and complete 14th rib(s) with  
costal cartilage in the 20, 80, and 125 nmol/kg/day groups.  No visceral malformation or 
variations but skeletal malformation/variations were present at 20 nmol/kg/day.  The 
applicant provided background incidences and stated that these findings were within the 
historical control range. 
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9.2 Embryonic Fetal Development 

Study No. NN206073: Seg II DRF rabbit 
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Preliminary embryo-fetal toxicity study by subcutaneous administration to rabbits [by 
] 

 
Study design:  This GLP study was 1) to assess the effect of insulin 454 (batch 412-
N06048) on the progress and outcome of pregnancy in rats, and 2) to establish 
appropriate doses for main studies in rabbits.  Three doses (5, 15, or 25 nmol/kg/day vs. 
10, 20, or 25 nmol/kg/day insulin NPH) were given to animals from GDs 6-19 (14 days).  
Endpoints included clinical signs, body weight, food consumption, macroscopic 
examination, TK/glucose analyses, and reproductive assessment and fetus 
examination. 
 

 
 

 
 
Findings: 

 Clinical signs (fast breathing, underactivity and etc – 4/6 animals died) were seen in 
25 nmol/kg/day insulin NPH, therefore, two lower doses (10 and 20 nmol/kg/day) 
were added.   

 No clinical signs were noted in insulin 454 treated animals.  Insulin 454 had no effect 
on body weight, food consumption, and macroscopic findings.  

 There was an indication of adverse effect on pre- and post-implantation survival of 
the conceptus (lower number of implantations and live fetuses was noted but 
interpretation was difficult due to small sample size).  Mean fetal and placental 
weights were not affected by insulin 454. 

 TK analysis:  The 25 nmol/kg/day (less extent at 15 noml/kg/day) insulin 454 
resulted in low mean serum glucose concentration at 3, 6, 9, hrs after dosing on 
GDs 6 and 19.  The rate and exposure appeared to be dose-independent linear 
kinetics. 
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All were within the expected values. 
 

 Necropsy/Macroscopic Findings: GD 29 
 
No macroscopic findings were observed with either insulin 454 or insulin NPH. 
 

 
Note:  fetuses found in undertray – it is not clear if this suggests spontaneous abortion (dead) or 
found after normal delivery (alive). 
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 Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, 
etc.) 

 
There were 6 non-pregnant animals (2 Control, 2 MD, 1 HD, 1 NPH females).  In NPH 
treated females, there were higher mean numbers of early, late, and total embryo-fetal 
resorptions per litter, and the mean percentage of post-implantation loss per litter, when 
compared to the control (hence lower mean live litter size).  However, the mean 
numbers of corpora lutea and implantations and the sex ratio were not affected by 
insulin 454 or insulin NPH.  In addition, litter data as well as metal fetal and placental 
weights were not affected by either insulin 454 or insulin NPH. 
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Table 5 Seg II Study in Rabbits 
C-SECTION DATA 
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 Fetal Examination (Malformations, Variations, etc.):  
 
The incidence of fetuses with major abnormalities was not affected by insulin 454 or 
insulin NPH.  In HD group, there was a slightly higher incidence of fetuses/litters with 
12/13 or 13/13 ribs compared with controls (however, within historical range).  There 
were also skeletal malformations/variations affecting metacarpals/phalanges, ribs, 
vertebrae, sternebrae, fontanelle, and pelvic girdle at 5 nmol/kg/day and visceral 
variation of lung, liver, and gall bladder at 20 nmol/kg/day.  In insulin NPH group, higher 
incidence of fetuses/litters with cranial fissures/extra sutures, thoracic vertebral 
abnormalities, and offset alignment/bipartite ossified sternebrae (however, only a small 
numbers and most were within the historical range). 

Table 6 Seg II Study in Rabbits 
FETAL EXAMINATION DATA 
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HISTORICAL DATA PROVIDED BY THE APPLICANT 

 
 
Note :  Historical control data uses different route and vehicle than in this study. 
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Based on this study, the dose levels of 20, 80, and 125 nmol/kg/day insulin 454 would 
be appropriate doses for the pivotal pre- and post-natal development rat toxicity study. 
 
Study No. NN208336: Seg III rat [PIVOTAL] 
Pre- and post-natal development study in the Han Wistar rat by subcutaneous 
administration 

Study no.: NN208336 
Study report location: Novo Nordisk, Denmark 

Conducting laboratory and location:  
Date of study initiation: Jan 30  2009 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: 412-N08704 with 99.2% purity 
 
KEY STUDY FINDINGS 

 Daily treatment with insulin 454 (80 or 125 nmol/kg/day) or insulin NPH (80 
nmol/kg/day) at the time of parturition could lead to maternal hypoglycaemia and 
death. 

 Treatment of insulin 454 at 125 nmol/kg/day affected F1 offspring slightly more than 
treatment of insulin NPH at 80 nmol/kg/day (i.e. lower live birth index and viability 
index shortly after birth, birth weight and body weight gain).  These affects were 
considered to be related to pharmacological effect of insulin. 

 Treatment of insulin 454 at 80 nmol/kg/day had similar effects on live birth index and 
offspring body weight gain when compared to treatment of insulin NPH at 80 
nmo/kg/day.  These affects were considered to be related to pharmacological effect 
of insulin. 

 No adverse effects were observed upon long term offspring development (i.e. 
physical and behavioral) or reproductive performance. 
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 The NOAEL was 20 mg/kg/day due to deaths in pregnant dams at 80 and 125 
mg/kg/day.  Note:  the applicant established the NOAEL to be 125 nmol/kg/day and the NOEL 
to be 20 nmol/kg/day since all findings were secondary to the exaggerated pharmacological 
effect of insulin in the dams. 

 
Methods 

Doses: 0, 20, 80, 125 nmol/kg/day (vs. 80 
nmol/kg/dayNPH) 

Frequency of dosing: Once daily 
Dose volume: 0.5 ml/kg 

Route of administration: Sc injection 
Formulation/Vehicle: A solution containing 1.5 mg/ml phenol, 1.72 

mg/ml m-cresol, 19.6 mg/ml glycerol, pH of 7.6 
Species/Strain: Wistar  

Number/Sex/Group: 22/sex/group 
Satellite groups: n/a 

Study design: Based on Study NN208335 (Seg III DRF rat 
study) 

Deviation from study protocol: Minor deviation 
 

 
 

 
 
Observations and Results 
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F0 Dams 
Survival/Clinical signs: 1 control female killed on GD20 (blockage in the 

vaginal area), 3 MD females found dead 
(hypoglycemia), 1 HD female found dead and 1 HD 
female killed (hypoglycemia), 2 NPH females killed 
(welfare and total litter loss) and 2 found dead 
(hypoglycaemia) 

Body weight (GDs 0, 3, 6, 10, 
14, 18, and 20 after mating and 
LDs 1, 4, 7, 11, 14, 18 and 21): 

No effect was seen in LD females. 
Lower mean body weight change was noted in HD 
group on GDs 6-20.  Slightly body weight loss early 
in lactation and sig. reduced body weight gain in HD 
group throughout lactation.  Reduced body weight 
gain was seen in the insulin 454 MD group during 
LDs 1-18 and the insulin NPH group during LDs 1-
21. 

Feed consumption: No effect was noted in LD females. 
It was unaffected during gestation but lower than 
control in HD females during LDs 7-20 and in MD 
females during LDs 11-19, and in NPH females 
during LDs 11-17. 

Uterine content (i.e. 
gestation length, post-

implantation, litter size): 

Gestation length was not affected.  The mean 
gestation index was similar between insulin 454 and 
control groups (lower for NPH insulin group, 
reflecting the deaths during late gestation).  Post-
implantation survival, numbers of implantations and 
litter size on Day 1 and sex ratio were similar across 
all groups.  In addition, liver birth index was slightly 
lower than control in MD/HD females/litter and NPH 
females.  Viability index was marginally low at HD 
females. 
None of these parameters were affected in LD 
females. 

Necropsy observation:  
Toxicokinetics: Animals receiving insulin 454 were systemically 

exposed at all dose levels at 3 and 9 hrs post 
dosing on Day 20, with exposure increasing with 
increasing dose. 

Dosing Solution Analysis The accepted range was 78-101%. 
Other: n/a 

Table 7 Seg III Study in Rats 
F0/F1 (PREWEANING) GENERATION DATA 
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F1 Generation 
Survival/Clinical signs: There was an increase in the number of offspring 

dying soon after birth in HD group.  All dose levels of 
insulin 454 had a small number of litters which were 
cold to touch.  LD or HD group had a small number 
of litters contained a high incidence of offspring with 
little milk in the stomach/apparently unfed. 

Body weight: Day 1 of age in HD group, body weights were sig. 
lower and offspring weight gain to Day 13 of age was 
sig. low.  However, mean overall weight gain during 
Days 1-21 of age was only slightly less than the 
control group and sig, for males only.  In MD group 
or NPH group, overall offspring body weight gain 
during Days 1-21 of age was slightly lower than 
control. 

Feed consumption:  
Physical development (i.e. 

motor activity, accelerating 
rotarod): 

Reflexes and motor activity were unaffected by 
maternal treatment 

Neurological assessment 
(i.e. morris maze 

performance): 

Learning tests were also unaffected by maternal 
treatment 

Reproduction (i.e. sexual 
maturation): 

Selected HD males showed low body weight gain in 
the 1st week after allocation and delayed 
balanopreputial separation.  However, there was no 
evidence upon reproductive capacity when mated at 
sexual maturity.   

Other (F2 generation): Litter data was not affected by maternal treatment. 

Table 8 Seg III Study in Rats 
F1 (PRE/POSTWEANING)/F2 GENERATION DATA 
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Findings:   

 Minimal swellings were seen for up to a few days after treatment with insulin 454 
(600 and 1200 nmol/ml), NPH (Insulatard), SIAM 40/60 mix (except saline and 
vehicle).   

 Minimal sub-acute (Day 2) and minimal to slight sub-chronic (Day 5) inflammatory 
reaction in the injection sites were observed. 

 Microscopic findings:  After 2 days, minimal to slight inflammatory cell infiltration was 
seen.  After 5 days, minimal to slight inflammatory cell infiltration, edema, fat cell 
necrosis, and slight formation of collagen tissues was seen in a few injections sites. 

 Such reactions, however, were comparable to those seen after injection of 0.9% 
saline, vehicle for insulin 454 and less pronounced than those seen after NPH 
insulin injection. 
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Findings: 

 One animal given 200 IU IDeg (via IM administration) was sacrificed due to intra-
tracheal dosing of prophylactic glucose. 

 A single dose of IDeg 100/200 IU, IDegAsp, or NPH caused local clinical reactions 
(hemorrhage/bruising and swelling) after IM, IA, and IV administrations.   

 Macroscopic and microscopic findings were mainly mild changes at the injection 
sites.  No systemic toxicity was observed. 

 
Intra-arterial injection (Groups 1-4) 
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Intra-muscular injection (Groups 5-8) 
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Intravenous injection (Groups 9-12) 
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Findings:   

 One animal given 200 IU had hypoglycemic-related signs (i.e. passive, no appetite 
but recovered without any treatment).   

 Single sc dosing of minipigs with IDeg (100 IU or 200 IU), IDegAsp, vehicles, the 
comparator NPH insulin, and 0.9% NaCl negative control resulted in mild 
inflammatory and hemorrhagic subcutaneous reactions 2 and 5 days after treatment.   

 Microscopic findings:  After 2 days, minimal to slight inflammatory cell infiltration and 
minimal to slight hemorrhage were seen.  After 5 days, minimal to moderate 
inflammatory cell infiltration and minimal to slight hemorrhage were observed. 

 There were no differences between two concentrations or volumes of IDeg applied 
and the reaction was comparable to that observed after injection of vehicle or IDeg, 
NPH insulin and saline.  
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Observations and Results   
 

 Dose formulation analysis:  The results were within the ±20% acceptance criteria. 
 

 Clinical signs:  No test article related clinical signs were observed.  A few animals (2 in 
Group 1 and 2 in Group 3 had wounds at injection sites. 

 
 Body weights:  There were no differences between treated and control groups or the 
between aged and non-aged IDeg groups. 

 
 Food consumption:  There were no differences between the 2 insulin batches were 
noted.  There were higher food consumption (4-10% increase) in high dose animals 
compared to the control for both aged and non-aged IDeg for both sexes however 
overall food consumption was not statistical significance.  When compared between 
the aged and non-aged groups, Group 4 females had lower food consumption on 
several days and also overall compared to Group 2.  However, this was not 
observed in males or in higher dose groups (Group 5 vs. Group 3). 

 Ophthalmoscopy:  No test article related findings were observed. 
 

 Hematology:  No differences were seen between two 2 IDeg aged and non-aged 
batches.  There were some minor changes (had been considered incidental) when 
compared to control. 
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 Clinical chemistry:  Several parameters in clinical chemistry were changed due to the 
insulin treatment.  However, no difference between the aged and non-aged IDeg 
was seen. 
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 Toxicokinetic:  All animals dosed with either non-aged or aged IDeg for 4 weeks were 
systemically exposed to IDeg.  The TK of IDeg in rats was gender-independent and 
systemic exposure increased proportionally with dose between 75 and 150 
nmol/kg/day.  Accumulation in system exposure to IDeg was low.  No apparent 
differences in the systemic exposure between two insulin batches. 
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 Serum glucose level:  Day 1:  serum glucose level was reduced from 0.5 hr post-
dosing, statistical significance at 1 hr post-dosing for all groups in both sexes, and 
returned to normal at 6 hr post-dosing (generally at normal levels by 9 hr post-
dosing).  Day 28: serum glucose level was reduced from 1 hr post-dosing, statistical 
significance at 3 hr post-dosing for all groups in both sexes, and returned to normal 
at 9 hr post-dosing for lower dosed groups and 12 hrs post-dosing for all groups 
(except high dose females).  Prolonged effect of insulin treatment was seen on Day 
28 compared to Day 1.  In addition, minor differences were seen in the serum 
glucose level between the aged and non-aged test articles.  These were considered 
incidental. 
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 Organ weights:  Lower absolute and/or relative liver weights were seen in IDeg treated 
groups compared to controls.  Higher testes weight was observed in some IDeg 
treated groups compared to controls.  In addition, lower absolute and relative 
adrenal weight was seen in Group 4 (aged IDeg) females compared to Group 2 
(non-aged IDeg) females.  This was not seen in high dose animals.  Lower relative 
heart weight was observed in Group 5 females (aged IDeg) compared to Group 4 
females (non-aged IDeg).  There findings were considered incidental. 

 
 

 

 
 

 Macroscopic findings:  A red discoloration was seen at the injection sites in all groups 
(higher incidence in treated groups compared to the vehicle group). 
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 Microscopic findings:  Liver and injection site findings were considered test-article 
related.  The incidence of rarefaction (intracellular glycogen accumulation) of the 
hepatocytes had decreased in animals of both sexes in all treated groups (more 
pronounced in the females).  No different was seen between the dose groups 
treated with aged or non-aged IDeg.  Changes were seen in the sc injection sites of 
animals from all dose groups.  The incidences and/or severity of the reaction 
seemed more pronounced in IDeg treated animals compared to vehicle control.  
However there was no dose-dependent for any of the two IDeg batches and no clear 
difference between those two batches. 
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Overall Finding: 

 This study showed that dosing with aged and non-aged IDeg at 75 and 150 
nmol/kg/day for 28 days resulted in test-article related changes in body weight, food 
consumption, blood glucose, some clinical pathology parameters, liver weight, and 
liver rarefaction.  However these changes were attributed to the pharmacological 
effect of IDeg.   

 Minor differences between aged and non-aged IDeg were noted in food 
consumption, hematology, clinical chemistry, serum glucose, and organ weights.  
However, these findings were all minor, seen in only in one sex or considered 
incidental.   

 In addition, there was no clear difference in injection site reactions between aged 
and non-aged IDeg. 

 

10.3 Other Studies in Mice 

Study No. NN209385: tolerability mouse 
Preliminary tolerability study in CD-1 mice [by Novo Nordisk, Denmark] 
 
Study design:  This non-GLP study was to determine a tolerable dosage of insulin 
(batch VKOSHP002) and insulin NPH by treating mice daily for 4 days.  Three doses of 
75, 150, and 300 nmol/kg/day insulin 454 or NPH insulin were tested.  Endpoints 
included clinical signs, body weight, food consumption, glucose monitoring, and 
histopath. 
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Findings: 

 In insulin 454 treated animals, low blood glucose levels were found 1, 3, 6, hrs after 
dosing in insulin 454 treated animals and the levels were within normal ranges 12 
hrs after dosing.   

 In insulin NPH treated animals, low blood glucose levels were found 1 hr after 
dosing and the levels were within normal ranges 3-6 hrs after dosing.   

 Clinical signs (i.e. subdued, piloerection) were considered consistent with 
hypoglycaemia.  No mortalities occurred but three animals had to be treated with 
glucose (insulin 454: 1 MD male on Day 5, 1 HD female on Day 4; insulin NPH: 1 
MD male on Day 2).   

 The insulin 454 was well tolerated as only subtle changes in overall body weight 
gain and/or food consumption were seen in females.   

 At necropsy, minimal or slight discoloration was seen at injection sites in 13/38 
insulin 454-treated mice and 6/38 insulin NPH-treated mice.  Small superficial ulcers 
were also seen also at the injection sites in 4/39 insulin 454-treated mice and 2/38 
insulin NPH-treated mice. 
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All in all, the effects on blood glucose, body weight gain, and food consumption were 
considered directly or indirectly related to the pharmacologic effect of insulin 454 or 
insulin NPH.  Dose levels up to 300 nmol/kg/day were considered tolerable for treating 
mice daily for 4 days, but these animals were need to be monitored 1-6 hrs after dosing 
to prevent blood glucose levels become critical low. 
 
Study No. NN209388: 28 day DRF mouse 
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 TK analysis:  TK (satellite) animals were systemically exposed to insulin 454.  The 
TK of insulin 454 in mice was generally sex and dose-independent.  Accumulation in 
systemic exposure to insulin 454 was low.   
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Findings: 

 The daily sc administration of insulin 454 to CD-1 mice (at 15, 40, and 75 
nmol/kg/day) for 13 weeks was well tolerated in most animals.   

 There were hypoglycaemia related clinical signs and mortality in 4 females given 
insulin 454 ≥ 15 nmol/kg/day.  These findings were the expected pharmacological 
actions of insulin 454.  In addition, 1 male and 2 females given 75 nmol/kg/day 
insulin NPH were also euthanized following clinical signs of hypoglycaemia.   

 The body weight gain and food consumption of main study and TK animals were 
quite variable between the two cohorts of animals and between the sexes. 

 No inter-group differences in hematological parameters, serum glucose 
concentrations, organ weights, and macroscopic or microscopic findings were noted. 

 The NOAEL for insulin 454 was established at 75 nmol/kg/day by the sponsor.   
 TK analysis:  these animals were shown to have systemically exposed to insulin 454 
in a sex and dose independent manner.  
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 Receptor profiling 
 
These studies showed that IDeg could bind to the insulin receptor, both IR-A and IR-B, 
with similar affinities (with a lower affinity compared to human insulin).   The IDeg could 
activate the same signaling cascade as human insulin and was a full-agonist to the 
insulin receptor, reaching the same maximum response as human insulin.  In addition, 
IDeg could also bind to IGF-1 receptor with a lower affinity than for the insulin receptor. 
 

 Metabolic and mitogenic response 
 
The cellular metabolic response to IDeg relative to human insulin was determined in 
number of insulin target cells (i.e. adipocytes, hepatocytes, and myocytes).  The 
mitogenic potency of IDeg relative to human insulin was determined in several cell types 
(i.e. COLO-25, HMEC, L6-hIR, MCF-7).  These cell types represented 1) different organ 
tissues, 2) different insulin/IGF-1 receptor expression levels and 3) neoplastic and non-
neoplastic tissues.  The overall mitogenic/metabolic potency ratio was estimated by 
comparing the relative mitogenic potency (5-10%) with the relative metabolic potency 
(4-21%).  These studies confirmed that the balance between the metabolic and 
proliferative actions of IDeg was similar to that of human insulin.  As for an effect of 
albumin binding (both in vitro and in vivo), IDeg could bind strongly to albumin, resulting 
in a decrease in the apparent binding affinity or potency as a consequence of increasing 
the albumin concentration.   
 
In addition, euglycemic clamp studies were done to evaluate the efficiacy of IDeg in rats 
and pigs.  In rats, the estimated in vivo potencies of IDeg relative to human insulin were 
65% in SD rats and 47% in Zucker-obese rats.  These values were obtained with iv 
infusion to reach steady-state.  In pigs, these studies confirmed the blood glucose 
lowering effect of IDeg.  It was also demonstrated that in the presence of high zinc 
concentrations, the IDeg action profile (as determined by the glucose infusion rate) 
became flatter and more prolonged. 
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 Safety Pharmacology 

 
IDeg was evaluated for its potential effects on the CNS, CV, and respiratory function in 
rats and/or dogs.  In vitro CV studies on action potential and a hERG channel bindings 
assays were also conducted.  The highest dose given (300 nmol/kg in rats and 24 
nmol/kg in dogs) did not cause any unexpected adverse findings (except those 
associated with hypoglycaemia). 
 

 There was no effect on CNS noted in rats up to 300 nmol/kg, using the Irwin’s test. 
 

 There was an increased heart rate (as a response to the significant decrease in 
blood glucose level observed) in female dogs after single sc administration of 24 
nmol/kg IDeg (not significant compared to control).  No effect on blood pressure and 
ECG were observed.  In addition, there were no effect on ECG parameters in 
anaesthetized and glucose clamped male dogs after iv infusion of 4, 8, and 23 
nmol/kg over 2 hrs.  No effect on the action potential recorded from Rabbit Purkinje 
fibers was seen following incubation with 1000 nmol/L of IDeg.  At 1000 nmol/L, 
there was also no significant binding affinity to hERG channels. 

 
 There was no significant effect of IDeg at 2 and 30 nmol/kg on respiratory 
parameters in rats dosed and restrained for up to 6 hrs with no access to food.  
However, at 300 nmol/kg, IDeg resulted hypoglycaemia related clinical signs which 
led to premature sacrifice in 12/24 animals.  In the remaining animals, there were 
significant decreases in the respiratory rate and increases in the tidal volume 
(attributable to pharmacological effect of IDeg and no access to food). 

 
Pharmacokinetic Profile of Insulin Degludec 
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The PK studies showed that IDeg had prolonged PK profile after sc injection.  This was 
based on protracted absorption process where the elimination of IDeg was dependent 
on the absorption rate.  This was seen in all species (i.e. mouse, rat, rabbit, dog, pig, 
and human).  Longer t ½ was observed after sc than after iv administration.  IDeg was 
also highly protein bound in plasma and thus had a relatively low apparent volume of 
distribution.  IDeg was extensively metabolized before excretion. 
 
Anti-drug antibody was seen in a few rats but not in dogs after repeated dosing with 
IDeg.  However, no difference in the plasma exposure was seen, indicating that the 
presence of IDeg antibodies did not affect the PK profile of IDeg. 
 
Toxicological Profile of Insulin Degludec 
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 Single dose toxicity  
 
The MTD dose in rats was 24000 nmol/kg and in dogs was 30 nmol/kg. 
 

 Repeat dose toxicity (up to 52 weeks in rats and up to 26 weeks in dogs) 
 
In rats, 4, 26 (with 4 wk recovery), and 52 week (with carcinogenic assessment) studies 
were done.  In dogs, 4 and 26 (with 4 wk recovery) weeks studies were conducted.  Due 
to hypoglycaemia-related clinical signs and mortality in 26 week rat and dog studies and 
52 week rat study, the dose levels of IDeg and/or the comparator NPH insulin were 
reduced during the course of these studies.  Such need to reduce dose levels suggests 
that the initial dose levels were close to or exceeded the MTD (maximum tolerance 
dose).  In both species, lowering blood glucose was dose-dependent.  Between these 
two species, dogs were less tolerant and developed clinical signs at lower doses of 
IDeg compared to rats.  The difference in tolerability to insulin between the rat and dog 
is also observed for other insulin analogs, such as insulin lispro, insulin detemir, insulin 
aspart, and insulin glargine. 
 
In addition, due to the effect on blood glucose, these animals had adaptive 
compensatory responses including increased good consumption, body weight gain, 
changes in clinical pathology, decreased liver weight and depletion of liver glycogen. 
 

 In rats, changes in clinical pathology parameters included decreased plasma liver 
enzymes/proteins/urea, increased urinary ketones and decreased pH (indicative of a 
compensatory metabolic response) in rats dosed with higher than 40 nmol/kg IDeg 
or NPH insulin.  Increased hemoglobin and hematocrit values were also indicative of 
dehydration.  Decreased liver weight was seen in rats given IDeg and NPH insulin 
(with glycogen depletion).  Inflammation and haemorrhage were seen at the injection 
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sites (similar to vehicle dosed animals).  All these changes were reversible after 4-
week recovery period. 

 
 In dogs, changes included decreased monocytes, decreased mean cell hemoglobin 
in females and decreased triglycerides in males.  No effect on liver weight was seen 
in dogs (but with glycogen depletion).  Inflammation and haemorrhage were also 
seen at the injection sites (no difference to vehicle dosed animals).  All these 
changes were reversible after 4-week recovery period. 

 
Furthermore, systemic exposure was confirmed in all animals dosed with IDeg.  
Antibodies towards IDeg were seen in a few rats but not in dogs.  All in all, changes 
seen were considered related to pharmacological effect of insulin and there were no 
unexpected adverse findings.  Based on these studies, the NOAEL for IDeg was 
determined as 60 nmol/kg/day in rats and 8 nmol/kg/day in dogs. 
 

 Genotoxicity  
 
In accordance with the ICH S6 guidance, genotoxicity studies were not conducted.   
 

 Carcinogenicity  
 
In accordance with the ICH S6 guideline, 2-yr carcinogenicity study was not conducted.  
However, the carcinogenic potential of IDeg was assessed by evaluating hyperplastic 
and neoplastic lesions in all pivotal repeated dose toxicity studies in rats and dogs and 
by evaluating female mammary cell proliferation particularly in the 52-week toxicity 
study in rats.  In this 52 week toxicity study in rats, IDeg showed no carcinogenic 
potential. 
 

 Reproductive and developmental toxicity (Seg I/II/III in rats and Seg II in rabbits). 
 
In accordance to ICH S5A guidance, the reproductive and development toxicity of IDeg 
were investigated in Seg I/II/III studies in rats and/or rabbits.  The dose levels of 20, 80, 
and 125 nmol/kg/day were used in rats (Seg I/II/III) where the dose levels of 5, 10, and 
20 nmol/kg/day were used in rabbits (Seg II). 
 
In rats, treatment with IDeg up to 125 nmol/kg/day prior to mating, and in females during 
gestation had no major adverse effects on mating performance and fertility, or on 
embryo-fetal survival and growth.  The incidences of the fetal skeletal abnormalities 
seen in rats at 20, 80, and 125 nmol/kg/day IDeg were above those in concurrent 
control animals but were below the incidences in the NPH insulin group and/or within 
the historical range (attributed to gestational hypoglycaemia).  In addition, maternal 
mortality was observed with 80 and 125 nmol/kg/day during gestation and lactation 
periods (also seen in NPH insulin group).  The mortality was associated with insulin-
induced hypoglycaemia.  Moreover, due to decreased maternal food consumption and 
body weight, lowered live birth index, viability index, lower offspring body weigh and 
viability, and delayed preputial separation were all considered secondary changes to 
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45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

 
NDA 203313:  This NDA is a 505(b)(1) application. 
Submission date:  Sept 29th 2011 
Sponsor:  Novo Nordisk Inc.  
Drug:  Ryzodeg (insulin degludec/insulin aspart, sc injection) for diabetes 
 
Drug Information: 
 
This submission is a new NDA application for insulin degludec/insulin aspart (IDegAsp), an insulin 
analog.  It was first submitted in March 2008 under IND 73198.  The sponsor references two of 
their own NDAs: NDA 203314 for insulin degludec and NDA 20986 for insulin aspart (Novolog; as 
the listed drug).  This drug product is a 100 U/ml co-formulation of 420 nmol/ml insulin degludec 
(70%) and 180 nmol/ml insulin aspart (30%).  This is intended for once-daily or twice-daily sc 
administration in diabetic patients.  During development of this drug product, several names have 
been used: 

 Insulin degludec: insulin 454, SIBA, and NN1250 
 Insulin degludec + insulin aspart: insulin 454/insulin aspart, SIAC, and NN5401 

 

 

 
 
Nonclinical Development of IDegAsp: 
The nonclinical development of IDegAsp focused on safety and efficacy evaluation of IDeg for 
which a complete nonclinical development program was conducted (under NDA 203314).  Based 
on ICH M3 guideline on combination medical products, the efficacy of IDegAsp had been 
assessed in primary PD studies as well as tolerance and toxicity studies following sc 
administration. 
 

 PK profile  
(Only IDegAsp-related studies were described here) 
 
In vitro experiments showed that the effect of IDeg and Asp were addititve and there were no 
synergistic or inhibitory interactions between the two.  In addition, pig studies demonstrated that a 
2:1 ratio of IDeg/Asp resulted in improved PD/PK profiles compared to those observed for 
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biphasic insulin aspart 30 (NovoMix/NovoLog Mix).  A sharper peak and longer duration of action 
was observed. 
 

 

 
 

 PD profile  
(Only IDegAsp-related studies were described here) 
 
The PK of IDegAsp was studied in rat with to-be-marketed formulation and in pigs with various 
formulations (to support early clinical studies).  These studies demonstrated that IDeg and Asp 
can be co-formulated without changing the individual PK profiles of the two insulins.   
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 Tox profile 
(Only IDegAsp-related studies were described here) 
 
The general toxicity of IDegAsp was investigated in a 13-week repeat-dose toxicity study in rats.  
NPH insulin was included as comparator.  The lowering effects on blood glucose levels with 
IDegAsp was similar in nature and magnitude to those induced by NPH insulin and IDeg 
administrated alone.  Changes observed in this study were considered related to exaggerated 
pharmacological effects of insulin.  In addition, the pivotal embryo-fetal study in rats with IDegAsp 
was conducted.  The effects observed were also considered related to pharmacological effects of 
insulin.  Local tolerance studies at injection site with early development and to-be-marketed drug 
products were conducted in pigs.  The local tissue reaction was mild and comparable to that of 
vehicle or NPH insulin.  Note:  Since the sponsor uses their own approved insulin aspart (NDA 
20-986), the-13 week repeat-dose rat study is sufficient to characterize the IDeg/Asp combination 
and allow bridging to each components’ nonclinical developments. 
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FILING CHECKLIST 

 
ITEM YES NO COMMENT 

1)   Does this section of the NDA appear to 
be organized (according to 21 CFR 314 and 
current guidelines for format and content) in 
a manner that would allow a substantive 
review to be completed? 
 

Yes  This electronic submission contains 4 
modules – regional (forms), common 
technical document summary, quality 
(CMC), nonclinical study reports 
(pharm/tox), and clinical study reports 
(clinical trials). 

2)   Is this section of the NDA indexed and 
paginated in a manner to enable a timely 
and substantive review? 
 

Yes   

3)   Is this section of the NDA sufficiently 
legible so that a substantive review can be 
done?  Has the data been presented in an 
appropriate manner (consider tables, 
graphs, complete study reports, inclusion of 
individual animal data, appropriate data 
analysis, etc.)? 
 

Yes   

4)   Are all necessary and appropriate 
studies for this agent, including special 
studies/data requested by the Division 
during pre-submission 
communications/discussions, completed 
and submitted in this NDA? 
Please itemize the critical studies included 
and indicate any significant studies that 
were omitted from the NDA. (genotox, 
reprotox, adequate duration of chronic tox, 
carcinogenicity) 

Yes  Timeline: 
March 2008 – IND submission 
Feb 2009 – EOP2 meeting 
June 2011 – pre-NDA meeting 
Sept 2011 – NDA submission 
 
 
Genotoxicity and carcinogenicity were not 
assessed with IDegAsp. 

5)   Were the studies adequately designed 
(i.e. appropriate number of animals, 
adequate monitoring consistent with the 
proposed clinical use, state-of-the art 
protocols, etc.)? 
 

Yes   

6)   If the formulation to be marketed is not 
identical to the formulation used in the 
toxicology studies (including the impurity 
profiles), has the sponsor clearly defined 
the differences and submitted reviewable 
supportive data (i.e. adequate repeat 
studies using the marketed product and/or 
adequate justification for why such 
repetition would not be necessary)? 
 

  Three groups of IDeg and three groups of 
Asp impurities and related substances were 
identified in addition to HMWP.   
 
Leachables from the container closure 
system have been identified and qualified. 
 
Excipients used in IDegAsp were seen in 
other marketed products at similar or higher 
concentrations. 
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ITEM YES NO COMMENT 
7)   Does the route of administration used in 
animal studies appear to be the same as 
the intended human exposure route? If not, 
has the sponsor submitted supportive data 
and/or an adequate scientific rationale to 
justify the alternative route? 
 

Yes  SC injection 

8)   Has the proposed draft labeling been 
submitted? Are the appropriate sections for 
the product included and generally in 
accordance with 21 CFR 201.577? Is 
information available to express human 
dose multiples in either mg/m2 or 
comparative serum/plasma AUC levels? 
 

Yes  Proposed labeling related to nonclinical: 
8.1 Pregnancy Category C 
13 Nonclinical Toxicology 
 
Human exposure related to animal exposure 
levels were calculated based on AUC and 
Cmax levels. 

9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, 
please state in item # 10 below why it is 
not. 

Yes   

10)   Reasons for refusal to file: None 

 
Reviewing Pharmacologist: Miyun Tsai-Turton 
 
Supervisory Pharmacologist:  Karen Davis-Bruno 

Reference ID: 3044648



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

MIYUN M TSAI-TURTON
11/15/2011

KAREN L DAVIS BRUNO
11/15/2011

Reference ID: 3044648



NDA 203314/Filing  Nonclinical 

45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

 
NDA 203314:  This NDA is a 505(b)(1) application. 
Submission date:  Sept 29th 2011 
Sponsor:  Novo Nordisk Inc.  
Drug:  Tresiba™ (insulin degludec) for diabetes 
 
Drug Information: 
 
This submission is a new NDA application for insulin degludec (IDeg), a long acting soluble 
insulin analogue.  It was first submitted in Sept 2007 under IND 76496.  The sponsor is filing for 
approval of this drug product in two strengths: U-100 and U-200, containing 600 nmol/ml and 
1200 nmol/ml drug substance respectively.  This is intended for once-daily sc administration at 
any time of the day, independent of meals, in diabetic patients.  During development of this drug 
product, several names have been used: insulin degludec: insulin 454, SIBA, and NN1250.  The 
diagram below provided by the sponsor is the proposed mechanism of protraction for IDeg from 
injection into tissue for absorption into circulation. 
 

 
 
Nonclinical Development of IDeg: 
 
Since IDeg is designated to alter absorption rate, the nonclinical development strategy focused 
on evaluating the ultra-long PK/PD effects of IDeg without affecting efficacy and safety compared 
to human insulin. 
 

 PK/PD profile 
 
A series of biological in vitro studies were done to demonstrate that IDeg is a specific agonist to 
the human insulin receptor and the MOA is identical to that of human insulin and other insulin 
analogues.  In vivo studies showed the blood glucose lowering effect of IDeg in rats and pigs and 
the slow absorption resulting in the ultra-long/stable PK/PD profiles in pigs.  In addition, a series 
of safety pharmacology studies were conducted to assess its potential effects on CNS, CV, and 
respiratory in rats and/or dogs. 
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 Tox profile 
 
The toxicity of IDeg was evaluated after sc single dose administration in rats and dogs and after 
sc repeat-dose administration in rats (up to 52 weeks) and dogs (up to 26 weeks).  
Hypoglycaemia and hypoglycaemia-related adverse effects were results of the exaggerated 
pharmacological effect of insulin.  In addition, genotoxicity and standard carcinogenicity studies 
were not performed with IDeg.  Reproductive and development toxicity of IDeg were assessed in 
rats and rabbits.  The adverse effects were considered related to pharmacological effects of 
insulin.  Local tolerance studies showed that local tissue reaction (at injection site) was mild and 
comparable to that of vehicle or NPH insulin.  Note:  The 52-week repeat-dose tox study in rats 
included NHP insulin as comparator and mammary tumor assessment.  This study was reviewed 
in details by Lee Elmore and his review is in DARRTS (dated August 2008). 
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FILING CHECKLIST 
 

ITEM YES NO COMMENT 
1)   Does this section of the NDA appear to 
be organized (according to 21 CFR 314 and 
current guidelines for format and content) in 
a manner that would allow a substantive 
review to be completed? 
 

Yes  This electronic submission contains 4 
modules – regional (forms), common 
technical document summary, quality 
(CMC), nonclinical study reports 
(pharm/tox), and clinical study reports 
(clinical trials). 

2)   Is this section of the NDA indexed and 
paginated in a manner to enable a timely 
and substantive review? 
 

Yes   

3)   Is this section of the NDA sufficiently 
legible so that a substantive review can be 
done?  Has the data been presented in an 
appropriate manner (consider tables, 
graphs, complete study reports, inclusion of 
individual animal data, appropriate data 
analysis, etc.)? 
 

Yes   

4)   Are all necessary and appropriate 
studies for this agent, including special 
studies/data requested by the Division 
during pre-submission 
communications/discussions, completed 
and submitted in this NDA? 
Please itemize the critical studies included 
and indicate any significant studies that 
were omitted from the NDA. (genotox, 
reprotox, adequate duration of chronic tox, 
carcinogenicity) 

Yes  Timeline: 
Sept 2007 – IND submission 
Feb 2009 – EOP2 meeting 
June 2011 – pre-NDA meeting 
Sept 2011 – NDA submission 
 
Genotox/Carci studies were not done but 
the sponsor justified their rationales with 
published literature/reference for insulin. 

 The 52-week repeat-dose tox study in 
rats used NHP insulin as comparator to 
assess mammary tumor potential. 

5)   Were the studies adequately designed 
(i.e. appropriate number of animals, 
adequate monitoring consistent with the 
proposed clinical use, state-of-the art 
protocols, etc.)? 

Yes   

6)   If the formulation to be marketed is not 
identical to the formulation used in the 
toxicology studies (including the impurity 
profiles), has the sponsor clearly defined 
the differences and submitted reviewable 
supportive data (i.e. adequate repeat 
studies using the marketed product and/or 
adequate justification for why such 
repetition would not be necessary)? 
 

Yes  IDeg-related Impurities in the drug product 
have been tested in nonclinical studies.   
 
No process-related impurities have been 
detected. 
 
Leachables from the container closure 
system have also been identified and 
qualified. 
 
Excipients are well-known chemicals 
present at similar or higher levels in 
marketed insulin products. 

 
 

Reference ID: 3044641



NDA 203314/Filing  Nonclinical 

ITEM YES NO COMMENT 
7)   Does the route of administration used in 
animal studies appear to be the same as 
the intended human exposure route? If not, 
has the sponsor submitted supportive data 
and/or an adequate scientific rationale to 
justify the alternative route? 

Yes  SC injection 

8)   Has the proposed draft labeling been 
submitted? Are the appropriate sections for 
the product included and generally in 
accordance with 21 CFR 201.577? Is 
information available to express human 
dose multiples in either mg/m2 or 
comparative serum/plasma AUC levels? 
 

Yes  Proposed labeling related to nonclinical: 
8.1 Pregnancy Category C 
13 Nonclinical Toxicolog 
 
Human exposure related to animal exposure 
levels were calculated (based on AUC and 
Cmax). 

9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, 
please state in item # 10 below why it is 
not. 

Yes   

10)   Reasons for refusal to file: None 

 
Reviewing Pharmacologist: Miyun Tsai-Turton 
 
Supervisory Pharmacologist:  Karen Davis-Bruno 
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