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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number:  201-849
Review number:  2
Sequence number/date/type of submission:  8/8/14 (sponsor’s has provided response to the 
FDA’s Complete Response letter dated September 27, 2012).   This is an eCTD submission 
#0018.  It is a 505(b)(2) application.   Sponsor refers to the previous NDA of glucagon that has 
already been approved (NDA 20-918/ GlucaGen of Novo Nordisk).  

Note that originally this application was submitted on 10/30/2010, we sent a refuse to file (RFT) 
letter to the Firm on 12/3/10 due to pharmacology/ toxicology deficiencies.   Sponsor resubmitted
the application on 11/30/2011.  The pharmacology/ toxicology reviewed the submitted studies and 
found these to be adequate for the proposed indication and recommended this drug product for 
approval, see the review signed off in DARRTS on 7/26/12.  

However, the Division sent a complete response to the company on 9/27/12 that it cannot be 
approved in the present form due to Clinical Pharmacology deficiencies; the Company has now 
resubmitted their application for the second time with the new repeated bioequivalence study 
(study # GLUC-002-CP1) and has removed a manufacturing facility that had deficiencies.

Information to sponsor: Yes ( ) No (X)

Sponsor and/or agent:   Fresinus Kabi USA, LLC, Schaumurg. IL.  Previous sponsor on this 
application was AAP Pharmaceuticals LLC, Schaumburg, IL. 

Manufacturer for drug substance: The manufacturer of Glucagon drug substance is  
   The US office of API manufacturer is 

Reviewer name:  Indra Antonipillai
Division name:  Division of Metabolism and Endocrinology Products (DMEP).     

Review completion date:  12/1/2014

Drug:
Trade name:  Glucogon for injection, 1 mg (1 IU)/ ml.  Fresinus Kabi USA (previously 
APP Pharmaceuticals) is currently seeking intramuscular (IM) and intravenous (IV) routes 
of administration for their drug product to be used as a diagnostic aid during radiologic 
examinations.
. 
Generic name:  Glucagon
Code name:  N/A
Chemical name:    It is a single chain polypeptide containing 29 amino-acid residues

CAS registry number:    16941-32-5
Molecular formula/molecular weight:  C153H225N43O49 / 3483

Reference ID: 3669856
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2.6.2 PHARMACOLOGY

Glucagon is a single chain polypeptide hormone containing 29 amino acids.   Glucagon in a 
recombinant form has been approved before, as NDA 20-918 (Novo Nordisk) and NDA 20-928 
(Eli Lilly) for both above indications, i.e. for the treatment of severe hypoglycemic reaction which 
may occur in patients with diabetes treated with insulin, as well as for a diagnostic aid during 
radiologic exam, as 1 mg/ml injection.  

Fresinus Kabi Glucagon for injection 1 mg (1 IU) is a synthetic form of glucagon; it is 
recommended to be used for the intravenous and intra-muscular administration as a 
gastrointestinal motility inhibitor.   This is a 505(b)(2) application, reference drug (RD) is NDA 20-
918 (GlucaGen, Novo Nordisk). 

Brief history: As indicated earlier, initially this application was submitted on 10/30/2010; it was 
not fileable (due to Pharmacology /toxicology deficiencies), then it was resubmitted on 
11/30/2011, in which sponsor provided us the requested non-clinical toxicology studies.  These 
studies included 28-day toxicity/TK study in rats and two geno-toxicity studies (Ames and 
chromosomal aberration assays); these were reviewed by us and were considered adequate.  
The pharmacology /toxicology recommended this application for approval, see the review signed 
off in DARRTS on 7/26/12.   

However, the pivotal bioavailability study was not acceptable by the Clinical Pharmacology 
reviewer, as the glucose measurements in the study were not reliable.     We issued a Complete 
Response letter to them on 9/27/2012.  The current Class 2 Resubmission of the NDA is 
submitted to the Agency on 8/8/2014 with the repeated bioequivalence study and they have 
removed a manufacturing facility that had deficiencies.

The present sponsor of this drug product is Fresinus Kabi (FK) USA, LLC, Schaumurg. IL
Previously the holder of this NDA was APP Pharmaceuticals LLC, Schaumburg, IL.   The current 
drug product is indicated only for use as a diagnostic aid (and not to treat severe hypo-glycemia,
because it is not packaged with a syringe and diluent necessary for rapid preparation and 
administration during emergency outside of a health care facility).

Note that the Established Pharmacologic Class (EPC) “gastrointestinal motility inhibitor” is not 
currently included in the EPC e-list (it is a list of the related pharmacologic class MOA, PE, and 
CS indexing terms for use in SPL).  This information was conveyed to Dr. Paul Brown, who 
communicated to us that the Labeling for GlucaGen currently is listed as a “anti-hypoglycemic 
agent and a gastrointestinal motility inhibitor”.  Both terms have been requested as separate 
EPCs, however these are not included in the current e-list, but these would be included in the 
next e-list.

Note that since the two terms will be separate EPCs, labeling of a glucagon product could contain 
one or the other term or both terms, as appropriate.    Since in the current application, KB’s 
glucagon is only indicated for inhibition of gastrointestinal motility, the “Indications and Usage 
section” of the label highlights it is as “a gastrointestinal motility inhibitor”.

Reference ID: 3669856
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Clinical pharmacology-bioequivalent studies in human subjects

In the current submission, the following bioequivalent study was conducted in healthy subjects by 
SC route of administration (study GLUC-002-CP1).

The primary objective of this study was to ascertain the pharmacokinetics (PK) and 
pharmacodynamics (PD) bioequivalence of an SC injection of 1 mg (1 IU) of Glucagon for 
Injection (Fresenius Kabi USA) in comparison to the reference product, GlucaGen® (Bedford 
Laboratories), 1 mg (1 IU), SC in healthy adult subjects. 

Note that in a last submission (dated 11/30/11), they had conducted the above PK/PD study via
IM route of administration.

Sponsor states that “Individual unadjusted and adjusted glucagon results are presented in 
Appendix 1.1. Tables 1 to 4 present the unadjusted plasma concentrations for each formulation 
and each administration (replicate), while Tables 5 to 8 present the unadjusted glucagon PK 
parameters.   Results are also presented for the adjusted concentrations (Tables 9-12) and 
resulting PK parameters (Tables 13-16)”.

Results:
Note that the AUC exposures shown in the Table below are higher with the FK’s glucagon by
about 24%, compared to the reference drug GlucaGen 

Reference ID: 3669856



NDA 201-849/2014

8

Sponsor’s conclusions:

Reviewer’s summary: Note that the above bioequivalent study will be reviewed by the clinical 
Pharmacology reviewer, but in the current submission using SC route of administration, the FK’s 
glucagon appears to have 20-24% higher exposures vs the RD GlucaGen,    It is not clear what 
factors contributed to the higher drug activity in the FK’s Glucagon now (vs the previous 
bioequivalent study, where the IM route of administration showed that the two drugs were 
bioequivalent i.e. the current FK glucagon and the reference drug GlucaGen).

2.6.6   TOXICOLOGY

A 28-day rat toxicity study and gene-toxicity studies (Ames and Chromosome aberration assay in 
CHO cells) have been conducted under this NDA application, in each study comparing its 
glucagon product to the reference drug Glucagen

2.6.6.3  Repeat Dose Toxicity Studies

Reference ID: 3669856
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Following is a brief summary of the 28-day intra-muscular toxicity study in rats with the current 
drug product.  For more details, please see the review signed off in DARRTS on 7/26/2012

Brief overview of nonclinical findings: The FK glucagon for injection drug product is 
manufactured  vs the approved glucagon drug products 
(NDA 20-918, Novo Nordisk GlucaGen, and NDA 20-928, Eli Lilly) which  

   

In a 28-day intramuscular (IM) toxicity study in rats, doses of 0, 1, and 5 mg/kg/day of the current 
drug product (Frezinus Kabi glucagon for injection) were administered to rats.   The 4th group of 
rats were similarly administered the reference drug GlucaGen (5 mg/kg/day) for comparison.   
The exposures of the drug in general were similar with both drugs, on day-27 AUC exposures in 
males were 122, 502, 454 ng.hr/ml at 1, 5 mg/kg/day with the current glucagon, and 5 mg/kg/day 
of reference drug GlucaGen respectively; in females AUC values were 99, 557, 511 ng.hr/ml 
respectively.     The subtle toxicity was noted with the current drug product, not noted with the 
reference drug (RD).  These included lower body weight gains in males on days 22-29 at a high 
dose of 5 mg/kg/day (no effects on body weights/weight gains in females were noted).     In male 
rats, absolute liver (10.9, 12.7, 13.6*, 11.9 g respectively), and in female rats, absolute kidney 
(1.5, 1.7*, 1.8*, 1.6 respectively) weights were increased by 25% and 20% respectively, but not 
with the RD.    The target organs of toxicity may be heart in female rats (minimal to mild 
mineralization in 2/8 rats at a HD, not noted with the RD or controls), and kidney, in the male rats 
(bilateral chronic progressive nephropathy, minimal to mild in 3/8 males vs 0/8 with the RD and 
controls).   

The total impurities that were tested in this 28-day toxicity study were up to % with the current 
drug product (FK glucagon for injection), and up to % with the reference drug (GlucaGen).  
The NOAEL or tolerated doses of the drug in this 28-day intramuscular toxicity study in rats could 
not be established, as histopathology findings in the heart (in females) and kidney (in males) were 
observed at a HD of 5 mg/kg/day.   The lower dose of 1 mg/kg/day was not examined for 
histopathology findings.   The sponsor does not consider any of these findings significant.

Thus the above 28-day toxicity study shows that the products are comparable.  However 
differences are noted between the two glucagons (current glucagon and the RD GlucaGen) as 
noted above.      

Note that these are daily IM injections, which represent significantly greater exposure in rats 
compared to the clinical use, as a diagnostic agent.  The sponsor NOAEL of this drug was 5 
mg/kg/day (or 30 mg/m2/day), note that this NOAEL (<5 mg/kg/day) provides the safety margin of 
<24 X in human subjects (the maximal recommended human dose is 2 mg/day or 1.23 
mg/m2/day), based on body surface area.   

Note that although no NOAEL could be established by us in the above toxicity study, 
histopathology findings are noted in one sex (e.g. heart findings in female rats: kidney findings in 
male rats), following daily repeated treatment in euglycemic healthy animals, the clinical 
indication is for single dose as a diagnostic agent, and therefore the heart or kidney findings are 
unlikely to have clinical significance, if the product is used as intended.   

Reference ID: 3669856
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Labeling Review: The pharmacology toxicology labeling in general is similar to the approved 
GlucaGen label (rDNA origin, Novo Nordisk label).   In the current application, the submitted PLR 
label is reviewed and reviewer’s recommended changes are stated below in bold letters:

Following is sponsor’s proposed label (from 8/8/2014 submission):

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Pregnancy Category B.  Reproduction studies were performed in rats and rabbits at glucagon 
doses of 0.4, 2, and 10 mg/kg.  These doses represent exposures of up to 100 and 200 times the 
human dose based on mg/m2 for rats and rabbits, respectively, and revealed no evidence of harm 
to the fetus.  There are, however, no adequate and well-controlled studies in pregnant women.  
Glucagon does not cross the human placenta barrier. 

8.3 Nursing Mothers 

It is not known whether this drug is excreted in human milk.  Because many drugs are excreted in 
human milk, caution should be exercised when glucagon is administered to a nursing woman.  No 
clinical studies have been performed in nursing mothers, however, glucagon is a peptide and 
intact glucagon is not absorbed from the GI tract.  Therefore, even if the infant ingested glucagon 
it would be unlikely to have any effect on the infant.  Additionally, glucagon has a short plasma 
half-life thus limiting amounts available to the child.

  

Reviewer’s recommended changes:
8.1 Pregnancy

Pregnancy Category B.  Reproduction studies were performed in rats and rabbits at GlucaGen 
(recombinant) doses of 0.4, 2, and 10 mg/kg.  These doses represent exposures of up to 100 
and 200 times the human dose based on mg/m2 for rats and rabbits, respectively, and revealed 
no evidence of harm to the fetus.  There are, however, no adequate and well-controlled studies in 
pregnant women.  Glucagon does not cross the human placenta barrier.

Reference ID: 3669856
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Reviewer’s recommended changes:

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Long term studies in animals to evaluate carcinogenic potential have not been performed.  

  

Synthetic glucagon was negative in the bacterial reverse mutation assay.    The 

clastogenic potential of synthetic glucagon in the Chinese Hamster Ovary (CHO) assay 

was positive in the absence of metabolic activation  
Doses of glucagon (100 and 200 

mg/kg) of both pancreatic and recombinant origins gave  

slightly higher incidence of micronucleus formation in male mice but there was no effect 

in females.  The weight of evidence indicates that synthetic and recombinant glucagon 

are not different and do not pose a genotoxic risk to 

humans.

Glucagon (rDNA or synthetic origin) was not tested in animal fertility studies.  Studies in 
rats have shown that glucagon does not cause impaired fertility.

Reference ID: 3669856
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Reviewer’s recommended changes

Justification for the changes: The animal pharmacology and/or toxicology do not have any added 
value in the label.  Sponsor has already indicated some of the pharmacology information (in the 
first paragraph) in the clinical pharmacology section under 12.1 to 12.3 sections, therefore this 
section should be deleted from the label.  In the second and third paragraph sponsor refers to the 
published literature, and again has no added value. 

Recommendation: From the preclinical standpoint, approval of this application is recommended, 
pending labeling changes.

Signatures (optional):   

Reviewer Signature  ___________________________________

Supervisor Signature_____________________________ 
Concurrence  Yes ___  No ___

cc: IND Arch
HFD-510
HFD-510/davisbruno/antonipillai/Hanan E/Yanoff.
Review code: AP
File name: nda 201849-2014 (glucagon, )

Reference ID: 3669856
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EXECUTIVE SUMMARY 

 
I. Recommendations 
 

A. Recommendation on approvability:  Pharmacology recommends approval of this 
application. 

 
B. Recommendation for Nonclinical Studies:  No additional preclinical studies are  

required for this drug product.  The sponsor in the current resubmission application 
has provided a 4-week toxicity study in rats and two in vitro geno-toxicity studies with 
their proposed drug product.  The submitted studies are adequate for proposed use 
of a synthetic glucagon and provide a bridge to the Agency’s prior approval decision 
of recombinant glucagon. 

 
C. Recommendations on labeling:  See the draft label.  

 
II. Summary of non-clinical findings 
 

A. Brief overview of nonclinical findings: The current glucagon for injection drug 
product is manufactured  vs the approved 
glucagon drug products (NDA 20-918, Novo Nordisk GlucaGen, and NDA 20-928, Eli 
Lilly) which    In a 28-day intramuscular 
(IM) toxicity study in rats, doses of 0, 1, and 5 mg/kg/day of the current drug product 
(APP glucagon for injection) were administered to rats.   The 4th group of rats were 
similarly administered the reference drug GlucaGen (5 mg/kg/day) for comparison.   
The exposures of the drug in general were similar with both drugs, on day-27 AUC 
exposures in males were 122, 502, 454 ng.hr/ml at 1, 5 mg/kg/day of APP glucagon, 
and 5 mg/kg/day of reference drug GlucaGen respectively; in females AUC values 
were 99, 557, 511 ng.hr/ml respectively.   The subtle toxicity was noted with the 
current drug product, not noted with the reference drug (RD).  These included lower 
body weight gains in males on days 22-29 at a high dose of 5 mg/kg/day (no effects 
on body weights/weight gains in females were noted).     In male rats, absolute liver 
(10.9, 12.7, 13.6*, 11.9 g respectively), and in female rats, absolute kidney (1.5, 1.7*, 
1.8*, 1.6 respectively) weights were increased by 25% and 20% respectively, but not 
with the RD.    The target organs of toxicity may be heart in female rats (minimal to 
mild mineralization in 2/8 rats at a HD, not noted with the RD or controls), and kidney, 
in the male rats (bilateral chronic progressive nephropathy, minimal to mild in 3/8 
males vs 0/8 with the RD and controls).   Note that total impurities that were tested in 
this 28-day toxicity study were up to % with the current drug product (glucagon for 
injection), and up to % with the reference drug (GlucaGen).  The NOAEL or 
tolerated doses of the drug in this 28-day intramuscular toxicity study in rats could not 
be established, as histopathology findings in the heart (in females) and kidney (in 
males) were observed at a HD of 5 mg/kg/day.   The lower dose of 1 mg/kg/day was 
not examined for histopathology findings.   The sponsor does not consider any of 
these findings significant.   This NOAEL of <5 mg/kg/day (or 30 mg/m2/day) provides 
the safety margin of <24 X in human subjects (the maximal recommended human 
dose is 2 mg/day or 1.23 mg/m2/day), based on body surface area.   Although there 
is no NOAEL established, and histopathology findings are noted in one sex (e.g. 
heart findings in female rats: kidney findings in male rats), following daily repeated 
treatment in euglycemic healthy animals, the clinical indication is for single dose as a 
diagnostic agent, and therefore the heart or kidney findings are unlikely to have 
clinical significance, if the product is used as intended.   Therefore, it is 
recommended for approval. 
 

Reference ID: 3164705
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B. Pharmacologic activity:  Glucagon for injection is a polypeptide hormone identical 

to human glucagon.   It increases blood glucose and relaxes smooth muscle of 
gastrointestinal tract.  It increases blood glucose through stimulation of 
glycogenolysis and gluconeogenesis.   It is indicated as a diagnostic aid in the 
radiologic examination to temporarily inhibit the movement of gastrointestinal tract. 

 
 

C. Nonclinical safety issues relevant to clinical use:  None 
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Route of administration: Intravenous and intramuscular. 
  
Disclaimer:  The tabular and graphical information is from sponsor’s submission unless stated 
otherwise. 

Studies reviewed within this submission:  4-week toxicity study and two in vitro gene-toxicity 
studies (Ames and chromosomal aberration assay) with the current APP drug product and the 
reference drug (RD) GlucaGen are reviewed here. 
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Groups 2 and 3 animals were administered the current drug (Glucagon for Injection, APP 
Pharmaceutical Test Article), and Group 4 animals received comparator drug GlucaGen® (rDNA 
Glucagon) as shown above. 
 
Sponsor states the dose selection was based on the doses that were used in a 14-day 
subcutaneous toxicology study  in rats, reviewed by FDA under NDA 20-928 (Eli Lilly), and a 4-
week intravenous study in rats, reviewed by FDA under NDA 20-918 (Novo Nordisk).   
 
 The high dose selected for this study was 5 mg/kg, which is 150x the maximum dose indicated 
for GlucaGen® (2 mg), based on a body weight of 60 kg human (or 0.033 mg/kg) subject.     
 
Note that the sponsor’s safety margins stated above are based on the mg/kg weight in both rats 
and humans, and not on the body surface area.  

Parameters evaluated for the toxicity study are shown below: 
Toxicity assessment was based on viability, clinical signs, body weight, food consumption, 
ophthalmology, urinalysis, clinical pathology (hematology, clinical chemistry, and coagulation), 
selected organ weights, and complete macroscopic and microscopic evaluations.     Microscopic 
evaluations of tissues were performed on Groups 1, 3 and 4 only (i.e. in controls and HD 
animals). 
 
Gross pathology: At sacrifice on day 29. 

Organs weighed: The adrenal glands, brain, heart, kidneys, liver, spleen, and testes/ovaries 
were weighed in the main study animals which were necropsied on Day-29. 
 
Histopathology: This was performed at sacrifice in control and high dosed animals only 
(Glucagon for Injection, and the comparator RD GlucaGen®) in organs listed in the 
histopathology Table below.  
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Toxicokinetic (TK) analysis: For toxico-kinetic evaluation, blood was collected from up to 2 TK 
animals/time-point/sex as indicated in the following Table.  
 

 
 
The Toxicokinetic and Bioanalytical Analysis Reports are included in Appendix G and H, 
respectively.   TK animals, including extra TK animals not bled, were sacrificed after 
completion of bleeding and discarded without necropsy. 
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Clinical signs: At a HD with the current drug (5 mg/kg/day of APP’s Glucagon for Injection), one 
male rat had thin appearance (rat #1120).  At a HD, with the RD (5 mg/kg/day of GlucaGen®), 
one male exhibited decreased motor activity on Study Day 6.   No other drug related clinical signs 
were observed.    

Body weights:    The BWs in males were slightly reduced with both the current drug and the RD.  
On day 29 body weights were 317, 323, 312, 310 g at 0, 1, 5 mg of the current drug and 5 
mg/kg/day of the RD GlucaGen respectively (reduced by approximately 2% at HD).   The BWs in 
females were increased with both drugs, see Table 7 below. 
 
 
Table 6.    Group mean body weights in male rats in grams (g) 
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Table 7.   Group mean body weights in female rats. 
 

 
 
Body weight gains 
 
In males, the body weight gains were significantly lower on day 22-29 at a HD with current drug, 
but not with the RD (-3.5, -8.7, -13.8*, -9.5 g at 0, 1, 5 of the drug, and with 5 mg/kg/day of RD 
GlucaGen respectively. *p<0.05).   However absolute weight gains (on day 1-29) were not 
significantly different at a HD with both drugs (43, 52, 47, 41 g respectively), see Table 8.  
 
In females, the body weight gains at a HD with both drugs were not significantly different (see 
Table 9 below)   
 
Sponsor states there were no statistically significant differences in body weights or bodyweight 
gains in both males and females in 5 mg/kg/day Glucagon for Injection when compared to 
GlucaGen (RD) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8.   Mean body weight gains in males (in grams)  

Reference ID: 3164705
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Table 9.    Mean body weight gains in females (in grams): 
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Food consumption: In males, food consumption (FC) was significantly higher on days 15-28.   
with the current drug and RD, these values on day 28 in males was 548, 591, 651*, 621* 
g/animal/day at 0, 1, 5 mg/kg/day of the drug, and 5 mg/kg/day of RD respectively, *p<0.05  
(increased by 19% with the current drug and 13% with RD at high doses).    Food consumption 
was also increased in females with both drugs (435, 513*, 488*, 567* g/animal/day respectively). 
   
Ophthalmoscopy: No drug related effects were observed. 

Hematology: In males, both drug treated rats had increased platelet counts (468, 1080*, 1096*, 
1106* 103 cells/ul respectively, *p<0.05), decreased reticulocyte counts  (283, 214*, 202*, 199* 
103 cells/ul respectively, *p<0.05), and decreased %- reticulocytes (3, 2*, 2*, 2* % respectively). 
These were not considered biologically relevant because 2/5 controls had platelet counts below 
reference range, and 2/5 blood samples in the control group were clotted, as seen in the Table 10 
below: 
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Table 10.   Hematological parameters in male rats 

 
 
Hematological parameters in male rats. 
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Similarly in female rats, the blood samples got clotted (in 1/5 controls and 3/5 of drug-treated rats 
at a HD, in groups 3 & 4), so some hematological parameters could not be measured as stated 
below: 
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Table 11.    Hematological parameters in female rats 
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Clinical chemistry: 
 
In males, the current drug (Group 3) produced increased total protein (TP), values were 6.4, 6.6, 
6.9* and 6.2 g/dl respectively, which was not noted with the RD.   However, since the magnitude 
of this elevation is small (6.88 vs. 6.43 g/dl in controls), it is unlikely that this is toxicologically 
relevant. 
 
 
Additionally in males, both the current and RD showed increased A/G ratio, albumin (ALB), and 
decreased cholesterol, globulin and blood urea nitrogen levels.   For example, BUN levels were 
19, 14* 13*, 15* mg/dl at 0, 1, 5 mg/kg/day of the drug, and 5 mg/kg/day of RD respectively, 
*p<0.05.    Both drugs produced decreased phosphorus (Phos) levels.    However, sponsor does 
not consider these changes toxicologically relevant, as the differences were small, and there 
were no histological correlates.  
 
Table12.   Clinical chemistry parameters in male rats 
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In females, the current drug at a HD (Group 3) showed increased triglycerides (TRIGS) levels, 
values were 36, 45, 52,*, 40 mg/dl respectively, *p<0.05, which was not noted with the RD.  
However, the magnitude of this elevation is small (52 vs. 40 mg/dl with RD). 
  
Also elevated calcium (11, 11.4*, 11.4*, 11.2 mg/dl respectively) and decreased BUN levels (20, 
16*, 14*, 17 mg/dl respectively) were noted with the current drug in females as well (not noted 
with RD in females).   All these differences were not considered significant, because there was no 
dose response, and no histological correlates.  Other changes were similarly not considered 
significant. 
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Table 13.  Clinical chemistry parameters in female rats 
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Table 14.  Clinical chemistry parameters in female rats (continued) 
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Effects on clinical chemistry parameters in females: 

 
 
Coagulation Panel 
 
Fibrinogen levels were lower at a HD with both drugs (males 271, 118, 143, 105 mg/dl 
respectively; females the values were 261, 146, 110, 128 mg/dl respectively).    These were again 
not considered significant. 
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Urinalysis:  In females, the urinary pH was lower in both drug treated groups compared to 
controls (7.35, 6.4, 6.4, 6.38 at 0, 1, 5, 5 mg/kg/day respectively).  These values in males were 
similarly lower (7.0, 6.8, 6.8, 6.8 respectively). 

 

Gross pathology: At a HD with the current drug, one male (rat #1121) had bilateral dark 
discoloration of the adrenal glands which also histologically correlated to mild congestion.  
Additionally at the same HD with the current drug, one male (rat #1120) was observed to be thin, 
but sponsor states that there was no histological correlation to this finding. 
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Organ weights:  
In male rats, the absolute liver (10.9, 12.7, 13.6*, 11.9 g respectively) and relative liver (3.5, 3.9, 
4.4, 3.8 respectively) weights were increased with the current drug at a HD, but not with the RD.  
 
Additionally in males, absolute heart weights (1.16, 1.34*, 1.40*, 1.39* g respectively, *p<0.05) 
and relative heart weights (0.37, 0.42*, 0.45*, 0.45* respectively) were increased at all doses with 
both drugs.     The relative spleen weights were decreased with both drugs (0.24, 0.21*, 0.22, 
0.21* respectively). 
 
Table 15.  Absolute organ weights in male rats 
 

 

 
 
 
Table 16.    Relative Organ weights (normalized to body weights) in male rats 
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In female rats, absolute (1.5, 1.7*, 1.8*, 1.6 respectively) and relative (at a HD 0.72* vs 0.66  in 
controls)  kidney weights were increased with the current drug,  but not with the RD (0.69 vs 0.66  
in controls) .   Similarly relative spleen weights were decreased with the current drug (0.23* vs  
0.26 in the controls),  but not with the RD (0.24 vs 0.26 g in controls) . However, none of these 
were considered significant by the sponsor. 
 
Note that in female rats absolute heart weights (0.89, 1.1*, 1.0*, 1.1* g respectively, *p<0.05) and 
relative heart weights (0.38, 0.43*, 0.43*, 0.44* respectively) were increased at all doses with 
both drugs, as noted in male rats.   Similarly absolute (7.9, 10.3*, 10.2*, 9.8* g respectively) and 
relative liver weights were generally increased with both drugs.   
 

 
 
Table 17.  Absolute organ weights in female rats 
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Table 18.   Relative organ weights (normalized to body weights) in female rats 
 

 

 
 
Thus, in male rats, absolute liver (10.9, 12.7, 13.6*, 11.9 g respectively) and relative liver weights 
(3.5, 3.9, 4.4, 3.8 respectively) were increased with the current drug, but not with RD.    In 
females absolute liver weights were increased with both drugs.      In female rats, absolute kidney 
(1.5, 1.7*, 1.8*, 1.6 respectively) and relative kidney (at a HD 0.72* vs 0.66  in controls) weights 
were increased with the drug,  but not with the RD (0.69 vs 0.66  in controls) .     Also in females, 
relative spleen weights were decreased with the current drug (0.23* vs  0.26 in the controls),  but 
not with the RD (0.24 vs 0.26 g in controls).     Other findings were noted with both drugs, such as 
increase in absolute heart weights ( in males 1.16, 1.34*, 1.40*, 1.39* g respectively; in females 
0.89, 1.1*, 1.0*, 1.1* g respectively, *p<0.05) and increase in relative heart weights in both sexes.  
However, none of these were considered significant by the sponsor 

Histopathology:    In female rats, minimal to mild mineralization in the heart was noted in 2/8 
rats at a HD with the current drug (which was not noted with the RD or in controls), note that 
increased heart weights were noted with both drugs.  In male rats, minimal to mild chronic 
progressive bilateral nephropathy in the kidney was noted in 3/8 rats at a HD with the current 
drug (which was not noted with RD or in the controls).   
 
Other findings were noted with both drugs, including the findings in the kidney (proteinosis 
unilateral), and the mandibular lymph nodes (incidences of hyperplasia).  Similarly with both 
drugs (the current drug, and in RD), minimal to mild chronic active inflammation was noted in 
sciatic nerve fascia, including in controls; sponsor explains that this is due to intramuscular 
injection. 
 
Sponsor states that IM injection caused a similar (minimal to moderate) inflammatory reaction at 
the injection site in control and test article treated animals that spread along the fascial planes of 
the hind limb muscle groups, and was detected at the site of the sciatic nerve. There were no 
treatment-related changes in any of the other tissues examined 
 
On the other hand, the RD alone produced findings in liver (mild necrosis and chronic active 
inflammation and hemorrhage in  to 2/8 males + females vs 0/8 controls); these were not noted 
with the current drug.     
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Thus at a HD of 5 mg/kg/day, the target organ of toxicity with the current drug (glucagon for 
injection) was heart in the female rats (minimal to mild mineralization in 2/8 vs 0/8 in controls or 
the RD), and kidney in male rats (minimal to mild chronic progressive bilateral nephropathy in 3/8 
rats (not noted with the RD or controls). 
 
 
 
Table 19.  Histopathology findings in rats with the current drug (glucagon for injection) and RD 
(glucaGen) in rats 
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Table 19 continued.  Histopathology findings in rats with the current drug (glucagon for injection) 
and RD (glucaGen) in rats continued 
 
 

 
 
 
 
Sponsor’s conclusions on histopathology are described below: 

 
 
 
 
Toxicokinetics: Plasma concentration were increased in a dose proportional manner.  Values on 
day 27 in males were  149, 582, 710 ng/ml at 1, 5 of the current APP drug, and 5 mg/kg/day of 
RD respectively.    These values in females were 166, 630. 654 ng/ml respectively, thus plasma 
concentrations appear to be in general comparable with both drugs.     The exposures of the drug 
in males and females were slightly higher on day 27 (males 122, 502, 454 ng.hr/ml at 1, 5, and 5 
mg/kg/day respectively; in females were 99, 557, 511 ng.hr/ml respectively) than on day 1 (males 
76, 355, 444 ng.hr/ml respectively, females 63, 306, 285 ng.hr/ml respectively). 
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Sponsor states that the results of the toxicokinetic evaluations and a comparison of the plasma 
concentrations themselves demonstrate that the systemic exposures for animals treated with 
GlucaGen® and Glucagon for Injection are comparable. 
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Following summary Table was provided on the current 28-day toxicity study by the 
sponsor: 

 
 
 
 
Toxicology summary:   In a 28-day intra-muscular toxicity study in rats, doses of 0, 1, 5 
mg/kg/day of glucagon for injection (the current drug) were administered to three groups of rats 
(n=8/sex/dose).   The 4th group of rats were similarly administered the reference drug or RD, i.e. 
GlucaGen (5 mg/kg/day) for comparison.   The TK in general were similar with both drugs.   The 
exposures of the drug in males and females were slightly higher on day-27 (males 122, 502, 454 
ng.hr/ml at 1, 5, and 5 mg/kg/day respectively; in females were 99, 557, 511 ng.hr/ml 
respectively) than on day-1 (males 76, 355, 444 ng.hr/ml respectively, females 63, 306, 285 
ng.hr/ml respectively).    No significant clinical signs were noted with both drugs (current or RD).    
In males at a HD, body weight gains were lower on days 22-29 with the current drug (but not with 
the RD (GlucaGen); no effects on body weights or weight gains in females were noted.   
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2.6.6.4. Genetic toxicology: Following two gene-toxicity studies have been conducted with 

glucagon for injection.  

1. Microbial mutagenesis assay (  study # AD29XE.503  and 
AD30AZ.503. ). 

 

This study was conducted in compliance with the testing guidelines of the ICH (1996 and 1997) 
and OECD (1998).  The study was conducted by  
 

The purpose of this study was to evaluate the mutagenic potential of the test article, APP 
Glucagon for Injection, in comparison to Reference Listed drug GlucaGen® by measuring 
their ability to induce reverse mutations at selected loci of several strains of Salmonella 
typhimurium and at the tryptophan locus of Escherichia coli strain WP2 uvrA in the presence 
and absence of Aroclor-induced rat liver S9.   

 
Methods:  The Ames assay (initial and confirmatory) was carried out using the plate 
incorporation method. 

 
 
Test article lot number and description: APP Glucagon for Injection (batch C108-002) and the 
reference drug GlucaGen (batch number AW60180) were tested in the Ames assay.   Same APP 
drug lot was used in a 28-day toxicity study in rats. 
 
These test articles were received by  on 17 June 2011 and were assigned the 

 code numbers AD29XE (for APP’s Glucagon / lot # C108-002) and AD30AZ (for RD 
GlucaGen/ lot # AW60180) respectively.   
 
Sponsor states that the lots used in the toxicology testing program for Glucagon for Injection (the 
current APP drug) were at the end of expiration dating, to provide an exaggeration of the impurity 
testing.    The post-study analysis of Glucagon for Injection when stored at 30ºC, inverted, found 
the test article to be % pure, which was similar to the initial purity value reported on the pre-
study Certificate of Analysis ( %).  The certificate of analysis (AOA) for these are provided 
below. 
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The study details and results are provided below: 

The test article, Glucagon for Injection (batch number C108-002), and the comparator/reference 
article, GlucaGen® (batch number AW60180), were tested in the Bacterial Reverse Mutation 
Assay using Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and 
Escherichia coli tester strain WP2 uvrA in the presence and absence of Aroclor-induced rat liver 
S9.   The assay was performed in two phases, using the plate incorporation method. The first 
phase, the initial toxicity-mutation assay, was used to establish the dose-range for the 
confirmatory mutagenicity assay.    A copy of the Historical Negative and Positive Control Values 
is included in Appendix I.    The post-study test article was % pure.  Pre-study Certificate of 
Analysis shows similar purity ( %) 

A)  Ames assay with APP’s glucagon for injection with lot number C108-002 (  
code # AD29XE)

Doses tested of the current drug (glucagon for injection) 

In the initial toxicity-mutation assay, the maximum dose tested was 2700 g per plate; this dose 
was achieved using a concentration of 2.7 mg/mL and a 1000 L plating aliquot. The nominal 
dose levels tested were 0.90, 2.7, 9.0, 27, 90, 270, 900 and 2700 g per plate. The maximum 
nominal dose of 2700 g per plate was the highest that could be achieved.  

Criteria established for the positive Ames test are described below 

 

Results 

Initial Toxicity-Mutation Assay  

The results of the initial toxicity-mutation assay are presented in Tables 5 through 7. These data 
were generated in Experiments B1 and B2.  

In Experiment B1 (Initial Toxicity-Mutation Assay), the dose levels tested were 0.90, 2.7, 9.0, 27, 
90, 270, 900 and 2700 g per plate. The maximum nominal dose of 2700 g per plate was the 

Reference ID: 3164705

(b) (4)

(b) (4)

(b) (4)



Reviewer: Indra Antonipillai    NDA No.201-849

51

highest that could be achieved.   During protocol development, the Sponsor stated that 
reconstitution with 0.30 mL of SWI would yield a solution at 2.7 mg/mL, and this value was used 
throughout the raw data. Subsequently, the Sponsor indicated that the 2.7 mg/mL value was 
actually found to be 2.6 mg/mL.  Nevertheless, formulation analysis confirmed that the actual 
glucagon content achieved was within the protocol-specified acceptance criterion of 85 to 115% 
of target, and the nominal dose levels are reported.   The test article formed soluble and clear 
solutions in sterile water for injection from 0.00090 to 2.7 mg/mL. No positive mutagenic 
responses were observed with any of the tester strains in the absence of S9 activation and with 
tester strains TA98, TA100, TA1535 and WP2 uvrA in the presence of S9 activation. No 
precipitate was observed. Toxicity was observed beginning at 900 or at 2700 g per plate with a 
few test conditions. Due to an unacceptable vehicle control value, tester strain TA1537 in the 
presence of S9 activation was not evaluated for mutagenicity but was retested in Experiment B2 
based on the precipitate and toxicity profile observed.  Based on the findings of the initial toxicity-
mutation assay, the maximum dose plated in the retest and confirmatory mutagenicity assays 
was 2700 g per plate.  

Note that in the initial Ames assay in the tester strain WP2 uvrA (in the presence of S9 
activation), there was a contamination at 90 mcg/plate, and that plate was not counted as shown 
below. 

 
In Experiment B2 (Retest of the Initial Toxicity-Mutation Assay), no positive mutagenic response 
was observed with tester strain TA1537 in the presence of S9 activation.  The nominal dose 
levels tested were 9.0, 27, 90, 270, 900 and 2700 g per plate.   Neither precipitate, nor 
appreciable toxicity was observed. 
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Confirmatory Mutagenicity Assay  

The results of the confirmatory mutagenicity assay are presented in Tables 8 and 9.  These data 
were generated in Experiment B3.  

 
In Experiment B3 (Confirmatory Mutagenicity Assay), no positive mutagenic responses were 
observed with any of the tester strains in either the presence or absence of S9 activation. The 
nominal dose levels tested were 9.0, 27, 90, 270, 900 and 2700 g per plate. Neither 
precipitate nor appreciable toxicity was observed. 
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B.  The Ames assay was also conducted with the reference drug (RD) GlucaGen with lot 
number  AW60180 (  code # AD30AZ)

  

GlucaGen® (AD30AZ)   

The results of the initial toxicity-mutation assay are presented in the summary tables below. 
These data were generated in Experiment B1.  
 
In Experiment B1 (Initial Toxicity-Mutation Assay), the maximum dose tested was 2700 g per 
plate; this dose was achieved using a concentration of 2.7 mg/mL and a 1000 L plating aliquot. 
The nominal dose levels tested were 0.90, 2.7, 9.0, 27, 90, 270, 900 and 2700 g per plate. The 
maximum nominal dose of 2700 g per plate was the highest that could be achieved while still 
allowing the dosing to be completed within the established stability period for Glucagon for  
Injection.     Furthermore, it was known prior to the start of the study that the nominal doses may 
not be achieved because of impurities in the reference article. During protocol development, the 
Sponsor stated that reconstitution with 0.30 mL of SWI would yield a solution at 2.7 mg/mL, and 
this value was used throughout the raw data. Subsequently, the Sponsor indicated that the 2.7 
mg/mL value was actually found to be 2.6 mg/mL. Nevertheless, formulation analysis confirmed 
that the actual glucagon content achieved was within the protocol-specified acceptance criterion 
of 85 to 115% of target, and the nominal dose levels are reported. The test article formed soluble 
and clear solutions in sterile water for injection from 0.00090 to 2.7 mg/mL.   No positive 
mutagenic responses were observed with any of the tester strains in either the presence or 
absence of S9 activation. No precipitate was observed.    Toxicity was observed beginning at 900 
or at 2700 g per plate in the presence of S9 activation.     Based on the findings of the initial 
toxicity-mutation assay, the maximum dose plated in the confirmatory mutagenicity assay was 
2700 g per plate.  

 

 The summary of Ames assay results are also provided with the RD, see Table below 
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Preliminary toxicity tests were performed using both test and reference articles to establish the 
dose range for the chromosome aberration assays. 
 
Sponsor’s Criteria for a Valid Test are described below 

The frequency of cells with structural chromosome aberrations in the solvent control must be 
within the range of the historical solvent control. The percentage of cells with chromosome 
aberrations in the positive control must be statistically increased (p < 0.05, Fisher's Exact 
test) relative to the solvent control. The Historical Control Data are included in Appendix IV. 
 
 

 
 
A)  Chromosomal aberration assay with the current drug, i.e. APP’s Glucagon for Injection (lot # 
C109-992/   # AD29XE)  

Methods 

Initial assay:  In the preliminary toxicity assay using Glucagon for Injection, the maximum dose 
tested was 370 g/mL. The test article was soluble in sterile water for injection and in the 
treatment medium at all dose levels tested at the beginning and conclusion of the treatment 
period.  

Substantial toxicity (i.e., at least 50% cell growth inhibition, relative to the solvent control) was not 
observed at any dose level in the non-activated and S9-activated 4-hour exposure groups. 
Substantial toxicity was observed at 370 g/mL in the non-activated 20-hour continuous exposure 
group. Based on these findings, the doses chosen for the chromosome aberration assay ranged 
from 45 to 370 g/mL for all three treatment groups.  

 

Results:  No results were provided on this initial assay, because there was an errot in the dilution 
of the test article (APP glucagon), see below 

Sponsor states that “in the chromosome aberration assay, due to a possible error in dilution of the 
test article, the dose formulations were out of specification.   Therefore, the chromosome 
aberration assay was repeated at the same dose levels. Data collected from the initial assay will 
be maintained in the study file, but not reported”.  

 
Repeat assay with the current drug product:  

Methods:  In the repeat chromosome aberration assay using APP Glucagon for Injection, the 
cells were treated for 4 and 20 hours in the non-activated test system and for 4 hours in the S9-
activated test system.   All cells were harvested 20 hours after treatment initiation. The test article 
was soluble in sterile water for injection. 
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In the non-activated 20-hour exposure group, selection of doses for microscopic analysis was 
based on toxicity, with the highest dose selected producing at least 50% reduction in mitotic index 
plus two lower doses. This was due to excessive mitotic inhibition at dose levels with  50% 
reduction in cell growth.   In the non-activated and S9-activated 4-hour exposure groups, due to 
lack of both substantial toxicity and visible precipitate in the treatment medium, the highest dose 
evaluated was the highest dose tested in the chromosome aberration assay.  Two lower doses 
were included in the evaluation.  Toxicity of Glucagon for Injection (cell growth inhibition relative 
to the solvent control) in CHO cells when treated for 4 hours in the absence of S9 activation was 
43% at 370 g/mL, the highest test dose level evaluated for chromosome aberrations. 
 

Table. The exposure times and toxicity noted at high doses is stated below with the APP 
Glucagon for injection.  

 

 
 

Results:  Data are provided for both the structural aberrations and for the numerical aberrations. 

a) Aberrations in the non-activated 4-hour exposure:  The %-of cells with structural aberration 
was higher at 370 mcg/ml compared to controls (0.5%, 0%, 3%, 8%** at 0, 180, 260, 370 mcg/ml 
respectively, **p<0.01).  The numerical aberrations were not increased (1.5%, 0%, 1.5%, 2.5% 
respectively), as state below, and see Table 10. 

The percentage of cells with structural aberrations in the non-activated 4-hour exposure group 
was statistically increased (8.0%) relative to solvent control at 370 g/mL (p < 0.01, Fisher's 
Exact test). The Cochran-Armitage test was also positive for a dose response (p <0.05).   The 
percentage of cells with numerical aberrations in the test article-treated group was not 
significantly increased relative to solvent control at any dose level (p > 0.05, Fisher's Exact test).  

b) Aberrations in the activated 4-hour exposure: The structural aberrations were not increased at 
any dose (0%, 0.5%, 0%, 0.5% respectively).   However, the %-of cells with numerical 
aberrations were higher at 370 mcg/ml compared to controls (3%, 5%, 5.5%, 7%* at 0, 180, 260, 
370 mcg/ml respectively, **p<0.05), but these were not considered significant by the sponsor 
because they are within the historical solvent control range (as stated below).  as stated below. 

The percentage of cells with numerical aberrations in the test article-treated group was 
statistically increased relative to solvent control at 370 g/mL (p < 0.05, Fisher's Exact test). 
However, the Cochran-Armitage test was negative for a dose response (p > 0.05). In addition, the 
percentage of cells with numerical aberrations in the test article-treated group (7.0%) was within 
the historical solvent control range of 0.0% to 7.5%. Therefore, the increase in numerical 
aberrations was not considered to be biologically significant. 
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The percentage of cells with structural aberrations in the S9-activated 4-hour exposure group 
was not significantly increased relative to solvent control at any dose level (p > 0.05, Fisher's 
Exact test).  

c)  Aberrations in the non-activated 20-hour exposure:  The %-of cells with structural aberrations 
were higher at 370 mcg/ml compared to controls (0.5%, 0%, 2.5%, 10.5%** at 0, 180, 260, 370 
mcg/ml respectively, **p<0.01).    However, the numerical aberrations were not increased (1%, 
1.5%, 2.5%, 0.5% respectively), see Table 10 below. 

The percentage of cells with structural aberrations in the non-activated 20-hour exposure group 
was statistically increased (10.5%) relative to solvent control at 260 g/mL (p < 0.01, Fisher's 
Exact test). The Cochran-Armitage test was also positive for a dose response (p < 0.05). The 
percentage of cells with numerical aberrations in the test article-treated group was not 
significantly increased relative to solvent control at any dose level (p > 0.05, Fisher's Exact test).  

 
Table. chromosomal aberration assay with the current drug product (APP glucagon for injection) 
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Historical control data for the numerical aberrations are provided below 

Following Table was provided for historical control values.  Note that the mean values for the 
solvent control were 2.0 ±1.8% in the presence of S-9 activation (in the historical controls data).   
Additionally, sponsor does not provide the details of the assay, if these conditions were similar to 
the current assay, i.e. were the cells exposed to the 4-hr treatment time and 16 hours of recovery 
time; were they using same treatment medium, etc.   In the current assay the mean value with the 
current drug product falls within these levels (the numerical aberration were increased to 7% with 
APP glucagon) and  the historical control range was 0-7.5%.   

 

Sponsor states that in vitro in this chromosomal aberration assay in the CHO cells, the test 
was considered positive for the structural aberrations (at 4 hour and 20 hour treatment time) 
in the absence of metabolic activation at 370 mcg/ml, but not for the numerical aberrations in 
the presence of metabolic activation (because it is in the range of historical control data).  
Note that at 370 mcg/ml of the APP’s glucagon, the increase in the numerical aberrations 
was 2.5% (without S-9), and 7% (with S-9), which does fall in the historical background rates.   
The sponsor did not provide the historical control data (or background rates) for the structural 
aberrations.  
 
 

 
B) Chromosomal aberration assay with the RD, i.e. GlucaGen® (AD30AZ)  

Methods 

In the preliminary toxicity assay using GlucaGen®, the reference listed drug, the maximum dose 
tested was 370 g/mL. The test article was soluble in sterile water for injection and in the 
treatment medium at all dose levels tested at the beginning and conclusion of the treatment 
period. 
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Substantial toxicity (i.e., at least 50% cell growth inhibition, relative to the solvent control) was not 
observed at any dose level in all three treatment groups. Based on these findings, the doses 
chosen for the chromosome aberration assay ranged from 45 to 370 g/mL for all three treatment 
groups.   

In the chromosome aberration assay, the cells were treated for 4 and 20 hours in the non-
activated test system and for 4 hours in the S9-activated test system. All cells were harvested 20 
hours after treatment initiation. The test article was soluble in sterile water for injection and in the 
treatment medium at all dose levels tested at the beginning and conclusion of the treatment 
period.  

In the absence of either substantial toxicity or visible precipitate in the treatment medium, the 
highest dose evaluated was the highest dose tested in the chromosome aberration assay in all 
harvests.   Two lower doses were included in the evaluation. 

Based upon the results of the toxicity study, the dose levels selected for testing of RD in the 
chromosome aberration assay are shown below:  

 

Table. The dose selection and toxicity noted at high doses is stated below using GlucaGen®  

 
 

  

Results 

The percentage of cells with structural or numerical aberrations in the GlucaGen®-treated groups 
was not significantly increased relative to solvent control at any dose level (p > 0.05, Fisher's 
Exact test) in the presence of absence of metabolic activation, see Table 20 below:.  
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The chromosomal aberration assay is also summarized below: 
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the reference drug (GlucaGen) was negative in the chromosomal aberration assay, it did not 
increase structural or numerical aberrations at any dose in the presence or absence of metabolic 
activation. 
  
Thus, the current drug was considered positive in the in vitro assay for chomosomal aberrations 
in CHO cells at concentrations up to 370 ug/ml without S-9 activation (4 and 20-hour treatments).   
 
As stated before, the impurities tested in the current APP drug product were present up to %.  
The  was present at %.   The maximal recommended doses of the current 
drug product (APP glucagon for injection) are up to 2 mg/day.    Therefore 2 mg dose (or 2000 
mcg) will have up to  mcg/day of  (i.e. ).     
In the current chromosomal aberration assay doses of up to 370 mcg/ml were evaluated, of which 

mcg was  .  Note that the assay was positive at 
concentrations of 370 mcg/ml of the current APP drug product (containing the total drug 
impurities of up to %). 
 
However, sponsor does not consider the present drug product to be positive in the chromosomal 
aberration assay significant, because they state that previously “in vitro glucagon assay” has 
shown positive mutagenic and clastogenicity responses under certain conditions as stated below, 
and this clastogenic effect is in the glucagon labels. 
 

Sponsor’s conclusions are stated below: 

 

 
 

 
 

 
 
 
 
 

Reference ID: 3164705

(b) 
(4)

(b) (4) (b) 
(4)

(b) 
(4)

(b) (4) (b) (4)

(b) 
(4)

(b) (4) (b) (4)

(b) 
(4)







Reviewer: Indra Antonipillai    NDA No.201-849

83

dose of 1 mg/kg/day was not examined for histopathology findings.   The sponsor does not 
consider any of these findings significant.  This NOAEL of <5  mg/kg/day (or 30  mg/m2/day) 
provides the safety margin of <24 X in human subjects (2 mg/day or 1.23 mg/m2/day), based on 
body surface area. 
 
 
In genotoxicity studies, The current drug (glucagon for injection) and reference drug 
(GlucaGen) were both tested in the in vitro bacterial reverse mutation assay and chromosomal 
aberration assay.    Both the current APP drug and reference drug GlucaGen were negative in all 
tester strains of  Salmonella typhimurium or Escherichia colistrains, at doses up to 2700 mcg/ml.    
However, the current drug (APP Glucagon for injection) was positive in vitro Chinese hamster 
ovary cell chromosomal aberration assay at doses of 260 to 370 mcg/ml (in the absence of 
metabolic activation at 4 and 24 hours treatment).    Note that this positive chromosomal 
aberration assay is not considered to be significant by the sponsor because it has been shown 
before that glucagon due to either its particular property, or a methodological problem in 
conducting these studies at high doses can be positive in these assay, which was also noted with 
the previous recombinant and animal source glucagons and is described in the approved product 
labels.   
 
 
Impurities in the APP’s Glucagon: As far as the impurities in the drug product are concerned, 
the sponsor has conducted a comparative bridging toxicity study and in vitro gene-toxicity in 
support of this NDA.  
  
The percentage of impurities qualified are provided below, and in the parenthesis the 
specification proposed  by the sponsor are stated: 1)  was qualified up to % 
(specification proposed by the sponsor is up to %);  2) total impurities qualified were % 
(specification proposed is % excluding lactose related impurities).    Similarly proposed lactose 
related impurities specification by the sponsor was %, while lower percentages of these were 
qualified in the conducted toxicity studies.    In the pharmacology /toxicology section, some of 
these impurities are listed only as HPLC retention times which means they have not even been 
structurally identified. 
 
The lactose related impurities would not amount to any considerable toxicity, especially since we 
probably ingest these daily via diet and we could probably argue the same for the glucagon 
related impurities.  The exception being that glucagon related peptides that are novel (not found 
in the listed drug) might elicit an immune response.   Anything novel, not present in the listed drug 
or covered under the USP specification was considered for safety, i.e. generally anything 
exceeding ICHQ3 (or with a structural alert for genotoxicity that's above 1.5 mcg/day) would need 
qualification.    Pharmacology /Toxicology can only comment on the levels that were tested and 
found safe in the toxicity studies.        
 
Note that the FDA chemist had concerns only about one novel impurity, not structurally identified 
which appears as a shoulder at the same HPLC retention time (RT) as   CMC 
has confirmed that all other impurities are present in Novo Nordisk's GlucaGen (the reference 
drug).     and its shoulder peaks were tested in general toxicity and in vitro 
gene-toxicity tests, therefore qualifying combined levels up to %.      The Firm (APP) has 
proposed a spec of % for  which is unacceptable.  On 6/27/12, the sponsors 
agreed to lower the specification of this impurity to %.   All other impurity levels are 
comparable to those found in the reference drug.  
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Labeling Review: The pharmacology toxicology labeling in general is similar to the approved 
GlucaGen label (rDNA origin, Novo Nordisk label).   In the current application, the submitted PLR 
label is reviewed and reviewer’s recommended changes are stated below: 
 
 
A. Following is sponsor’s proposed label (from 5/18/2012 submission): 
 

8   USE IN SPECIFIC POPULATIONS  

8.1  Pregnancy  

Pregnancy Category B.  Reproduction studies were performed in rats and rabbits at glucagon 
doses of 0.4, 2, and 10 mg/kg.  These doses represent exposures of up to 100 and 200 times the 
human dose based on mg/m2 for rats and rabbits, respectively, and revealed no evidence of harm 
to the fetus.  There are, however, no adequate and well-controlled studies in pregnant women.  
Glucagon does not cross the human placenta barrier.  

8.3  Nursing Mothers  

It is not known whether this drug is excreted in human milk.  Because many drugs are excreted in 
human milk, caution should be exercised when glucagon is administered to a nursing woman.  No 
clinical studies have been performed in nursing mothers, however, glucagon is a peptide and 
intact glucagon is not absorbed from the GI tract.  Therefore, even if the infant ingested glucagon 
it would be unlikely to have any effect on the infant.  Additionally, glucagon has a short plasma 
half-life thus limiting amounts available to the child.  Glucagon does not cross the human 
placental barrier.   

Reviewer’s recommended changes: 
8.1 Pregnancy 

Pregnancy Category B.  There are no adequate and well controlled studies in pregnant 
women.     Reproduction studies were performed in rats and rabbits at GlucaGen (recombinant) 
doses of 0.4, 2, and 10 mg/kg.  These doses represent exposures of up to 100 and 200 times the 
human dose based on mg/m2 for rats and rabbits, respectively, and revealed no evidence of harm 
to the fetus.  There are, however, no adequate and well-controlled studies in pregnant women.  
Glucagon does not cross the human placenta barrier.

 
B. Following is sponsor’s proposed label: 
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Recommendation: From the preclinical standpoint, approval of this application is recommended, 
pending labeling changes. 

 
Signatures (optional):    
  
Reviewer Signature  ___________________________________ 
 
Supervisor Signature_____________________________  
Concurrence  Yes ___  No ___

 
 
cc:  IND Arch
  HFD-510
  HFD-510/davisbruno/antonipillai/calis/stephens.O/Jairath. 
  Review code: AP 

File name: nda 201849 (glucagon, ) 
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ITEM: NDA 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  In the current application, appropriate 
pharmacology/ toxicology information is 
included.  In the initial submission, minimal 
toxicology information was provided. 

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  For general toxicology studies, sponsor 
refers to the innovator’s drugs (NDA 20-918, 
GlucaGen, Novo Nordisk).  However,  we 
refused to file the initial application 
(12/3/2010) due to the presence of new 
impurities, sponsor conducted additional 
toxicity studies i.e. in vitro geno-toxicity 
studies (Ames and chromosomal aberration 
assays), and a 28-day toxicity study in one 
species (i.e. rat) with the proposed drug 
product to qualify the impurities (as per ICH 
Q3A and Q3B). these studies have been 
provided in the current submission. 

Have electronic files of the carcinogenicity 
studies been submitted for statistical 
review?

No carcinogenicity studies have been 
performed with the current drug or 
previously approved recombinant glucagon, 
based on the proposed acute intermittent 
use.

Reference ID: 3081015
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ITEM YES NO COMMENT 

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:     Not applicable 

Reviewing Pharmacologist:  Indra Antonipillai

Supervisory Pharmacologist:  Karen Davis-Bruno. 

File Name: 201849 filing-11. 
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From the pharmacology/toxicology point of view, this application is fileable.

KAREN L DAVIS BRUNO
02/01/2012

Reference ID: 3081015





NDA 201849 filing 

2

ITEM: NDA  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? 

 No There is no pharmacology/toxicology section 
in the electronic submission under Common 
Technical Document.  The minimal 
toxicology information is provided by the 
sponsor under ‘Drug product technical 
section’ (i.e. under justification of 
specifications {or section  3.2.P.5.6}). 

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

 NO  No mention of pharmacology/toxicology 
information in the index section 

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.)? 

 No The toxicology data ware not presented in 
an appropriate manner. 

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) 

  There were no previous 
pharmacology/toxicology discussions on this 
application. No toxicology studies have been 
conducted. Sponsor refers to the innovator’s 
drug (NDA 20-918, Novo Nordisk).   

Pharmacology/tox is recommending that 
sponsor qualify the impurities in their drug 
product by the intended route of 
administration in humans.  

Have electronic files of the carcinogenicity 
studies been submitted for statistical 
review?   

No carcinogenicity studies have been 
performed with the current drug or 
previously approved recombinant glucagon, 
based on the proposed acute intermittent 
use 
.

Reference ID: 2864406

(b) (4)





NDA 201849 filing 

4

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  The draft pharmacology /toxicology label 
with the current drug in general is similar to 
the approved RLD (NDA 20-918/S-012).   

The current label is in the SPL format vs the 
innovator’s (Novo Nordisk), which is not in 
the SPL format. 

The draft labeling submitted in general is 
according to CFR.  However data express 
human dose multiples in mg/kg/day (and not 
in mg/m2 or AUC levels). 

ITEM YES NO COMMENT 

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

 No  

10) Reasons for refusal to file:  

1. Sponsor needs to provide the pharmacology/toxicology information under the appropriate 
section(s).   

2. The drug impurities/degradants need to be clearly identified and qualified   
3. sponsor needs to provide the data (under section 3.2.P.5.5) that show the comparison of 

impurities/degradants in their product vs the innovator’s (GlucaGen). 
4. If the impurity profile with new manufacturing process is not identical to the marketed GlucaGen, 

sponsor will need to provide qualifying toxicity studies.  These studies would include in vitro 
genotoxicity (mutagenecity, clastogenicity) and a 2-12 week toxicity study in one species with the 
proposed drug product and reference listed drug (as per ICH Q3A and ICH Q3B) with toxico-
kinetics.  The toxicity studies should clearly identify target organs of toxicity and NOAELs,  

Reviewing Pharmacologist:  Indra Antonipillai

Supervisory Pharmacologist:  Karen Davis-Bruno 
File Name: 201849 filing. 
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