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3.2 General Pharmacological and Pharmacokinetic Characteristics 
 
Prior Knowledge of Pharmacology of Glucagon: 
 
Mechanism of Action:  
The extrahepatic effects of glucagon include relaxation of the smooth muscle of the stomach, duodenum, 
small intestine and colon. Glucagon increases plasma glucose levels and causes smooth muscle relaxation 
and an inotropic myocardial effect because of the stimulation of adenylate cyclase to produce cyclic 
adenosine monophosphate (cAMP). The cAMP initiates a series of reactions that leads to the degradation 
of glycogen to glucose. Hepatic stores of glycogen are needed for glucagon to exert an antihypoglycemic 
effect. 
 
Pharmacodynamics:  
Graf et. al., (J. Pharm Sci, 1999; vol. 88, No.10) compared the PK and PD parameters of recombinant 
glucagon and animal source glucagon. The PK and PD of recombinant glucagon was assessed following 
intravenous (IV) bolus administration of 0.25, 0.5, 1.0 and 2.0 mg dose with a 7-10 days interval between 
doses. The glucagon PK showed dose-proportional increase for Cmax and AUC in this dose range. Mean 
maximal plasma glucagon concentrations ranging from 37 to 368 ng/mL occurred within 0.05 h following 
the IV bolus dose. Glucagon was rapidly eliminated, with mean half-lives ranging from 0.13 to 0.30 h. 
The mean clearance was similar between the treatments (~59 L/h). 
 
Mean maximal blood glucose concentrations in this study were similar for each treatment (129 to 136 
mg/dL) and occurred within 0.36 h after the IV bolus dose of glucagon. This shows that the maximum 
glucodynamic effect is seen even at the lowest glucagon dose. Blood glucose levels returned to baseline 
values by 1 h in most subjects (Figure 1). 

 
Figure 1 Mean blood glucose concentration versus time curves, all intravenous treatments. 
(Source: Graf et. al., (J. Pharm Sci, 1999; vol. 88, No.10, Page 992) 
 
Further the PK and PD was compared for the IM and SC route and the absolute bioavailability was 
evaluated as compared to the IV glucagon. The mean glucagon concentrations suggest rapid absorption 
with either of the route of administrations (IM and SC), with maximum concentrations attained 
approximately 0.21 and 0.35 after dosing. Slight differences in glucagon concentrations were noted 
between the injection routes with higher plasma concentrations occurring after SC administration. All 
glucagon formulations produced nearly identical glucose response curves after SC or IM administration 
(Figure 2). 

  11826Reference ID: 4468267







15 
 

 Does a 2 mg dose of IN-glucagon produce adequate clinical response? 
 How do doses of 2 mg and 3 mg IN-glucagon compare to 1 mg IMG in terms of glucagon 

exposure and blood glucose concentrations? 
 
Interpretability of efficacy data due to final delivered dose of IN-glucagon being less than the labeled claim 
of 3 mg was a major review issue.  The Sponsor was asked to address this issue through a series of 
information requests (IRs). 
 
The Agency pointed out that it did not have enough information to agree to the Sponsor’s conclusion that 
a dose of 2.0 mg glucagon/device had been confirmed to produce a clinical response.  The Agency noted 
that the 2 mg dose of intranasal (IN) glucagon was evaluated in the dose finding study IGBA, where 4 out 
of 18 patients exposed to 2 mg IN glucagon showed no substantial serum glucagon concentrations, and also 
pointed out that the inter-patient variability in glucagon exposure with the 2 mg dose was greater when 
compared to the 3 mg dose.  In addition, the 2 mg IN glucagon dose was further evaluated in Study IGBB, 
where 22 evaluable exposures to the 2 mg IN glucagon dose were reported (in 11 patients aged 4-<12), and 
that, in all cases, an increase in glucose by at least 25 mg/dL over nadir was achieved by 20 minutes.  It 
was, however, not clear how these exposures to 2 mg in various studies compared with each other, and with 
the to be marketed product (used in Study IGBI) , as numerous batches with variable particle size, and 
different devices were used along the course of the clinical program. 
 
To help clarify this issue, the Sponsor was asked to submit the efficacy and clinical pharmacology data for 
the patients exposed to 2 mg IN glucagon in the IN-Glucagon development program, as well as the batches 
used, particle size distribution, and device used for administration to better understand how each of these 
components contributes to efficacy. To help understand how this data was applicable to the to be marketed 
product, the Agency recommended that the Sponsor compare this with modelled exposure data with the to 
be marketed product at the 2 mg dose. Additionally, the Sponsor was asked to clarify whether the observed 
inter-patient variability with the 2 mg dose observed in study IGBA was related to device delivery problems, 
particle size, or other reasons.  In addition, th Sponsor was asked to plot Cmax and Tmax as a function of 
particle size of the formulations used in studies IGBA, IGBG, IGBB, IGBC, and IGBI. 
 
The material used to supply Study IGBA contained particles with a D90 ≤  μm, larger than particles 
produced with the commercial process as represented by the 3 mg material in Study IGBI (X90 ≤  
μm).  Smaller particle size would result in larger surface area, which might explain th higher Cmax observed 
in Study IGBI compared to previous studies.  A plot of particle size versus Cmax or Tmax showed no consistent 
relationship (Figure 4, Figure 5).  
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Does a 2 mg dose of IN-glucagon produce adequate clinical response? 
 
The Sponsor simulated glucagon exposure and glucose response for patients administered a 2 mg dose of 
NG commercial drug product. In these simulations, the PK and PD parameters were fixed to the estimated 
values for Study IGBI, the clinical study using commercially representative drug product. Baseline 
characteristics of Study IGBI were applied in the simulation. Glucagon exposure and glucose response after 
NG 2 mg were simulated from 1,000 patients, including all sources of variability in the model. 
 
The simulation results were used to assess probabilities of “treatment success” of NG 2mg (commercial 
drug product). Treatment success was defined as either an increase from baseline BG of at least 20 mg/dL 
at 30 minutes post-dose, or an increase in BG to at least 70 mg/dL at 30 minutes post-dose.  The simulation 
results show that, for patients with a baseline BG of 40 mg/dL, at 30 minutes post-dose, a single dose of 
NG 2 mg would lead to 97% of patients achieving treatment success, with 97% having at least a 20 mg/dL 
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BG increase and 92% having BG increase to at least 70 mg/dL. The median BG increase after NG 2 mg 
treatment was 67 mg/dL. 
 
 
How do doses of 2 mg and 3 mg IN-glucagon compare to 1 mg IMG in terms of glucagon exposure 
and blood glucose concentrations? 
 
Based on the Agency’s IR, the Sponsor generated the PK and PD profiles of model predicted NG 3 mg 
and NG 2 mg compared to commercially representative drug product and IMG 1 mg. The model-
predicted PD response was based on a median baseline glucose of 40 mg/dL. Results showed that PK and 
PD profiles of NG 2 mg, 3 mg and IMG 1 mg are similar during the initial 30 minutes after dose 
administration (Figure 6-Figure 8).  
 

 
Figure 6 Predicted glucagon exposure over time (up to 90 minutes) of NG 2 mg, NG 3 mg 

overlaid with observed glucagon exposure from IMG/SCG 1 mg 
(Source: Reviewer generated from data submitted as part of IR on 07 Mar 2018) 
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Figure 7 Predicted glucose response over time (up to 90 minutes) of NG 2 mg, NG 3 mg overlaid 

with observed glucose response from IMG/SCG 1 mg 
(Source: Reviewer generated from data submitted as part of IR on 07 Mar 2018) 
 

 
Figure 8 Predicted glucose response over time (up to 30 minutes) of NG 2 mg, NG 3 mg overlaid 

with observed glucose response from IMG/SCG 1 mg 
(Source: Reviewer generated from data submitted as part of IR on 07 Mar 2018) 
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Figure 9 Dose response (change from baseline of glucose at 30 minutes) of NG in adult 

population 
(Source: Module 2.7.2, Summary of Clinical Pharmacology Studies, Figure 2.7.2.1, Page 11) 
 
 
3.3.2 Is the proposed general dosing regimen appropriate for the general patient population 

for which the indication is being sought? 
 
Yes, based on modeling and simulation that the Sponsor provided in addition to the observed data from 
Study IGBI, the proposed general dosing regimen is appropriate for the general patient population for the 
treatment of severe hypoglycemia. 
 
 
3.3.3 Is an alternative dosing regimen and management strategy required for 

subpopulations based on intrinsic factors? 
 
After applying body-weight allometry scaling, age and gender had no impact on NG PK (Figure 10).  
Nasal glucagon 3 mg administered to all age groups of pediatric patients (4 to <8, 8 to <12, and 12 to <17 
years) showed that in each group, NG 3 mg rapidly produced a maximal blood glucose increase, similar 
to that of weight-based IMG doses (0.5 mg or 1 mg).  When nasal glucagon 2 mg and 3 mg were 
administered to 2 younger age groups (4 to <8, and 8 to <12 years), the 3 mg nasal glucagon produced a 
slightly higher glucose response than NG 2 mg.  Pediatric patients showed similar tolerability to both NG 
3 mg and NG 2 mg as weight-based IMG doses.  An alternative dosing regimen and management strategy 
is not required for subpopulations based on intrinsic factors. 
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hypoglycemia symptoms during controlled insulin-induced hypoglycemia, and (c) assess the awareness of 
hypoglycemia prior to its induction. 
 
Glucagon: 
 
Mean concentration-time profiles for glucagon from the two treatments are shown in Figure 11 below: 
 

 
Figure 11 Study IGBI: Mean Plasma Glucagon Concentrations 
(Source: Reviewer generated plot) 
 
 
Glucagon was rapidly absorbed after both nasal and IM administration, and maximum glucagon 
concentrations were attained by 15 minutes postdose with both routes of administration. Nasal glucagon 
had a higher Cmax compared to intramuscular GlucaGen® (geometric mean of 6130 pg/mL vs 3750 
pg/mL, Figure 12), and it had a lower AUC0-tlast (2740 pg·hour/mL vs 3320 pg·hour/mL, Figure 13) and 
appeared to be cleared more rapidly.  The median Tmax was 15 minutes post-dose for both treatments 
(Figure 14). 
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Figure 12 Individual, Mean and Median Plasma Glucagon Cmax by Treatment 
(Source: Reviewer generated plot) 
 

 
Figure 13 Individual, Mean and Median Plasma Glucagon AUC(0-t) by Treatment 
(Source: Reviewer generated plot) 
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Figure 14 Individual, Mean and Median Plasma Glucagon Tmax by Treatment 
(Source: Reviewer generated plot) 
 
 
A Forest plot of relative bioavailability of glucagon from 3 mg NG compared to 1 mg IMG is shown 
below in Figure 15: 

 
Figure 15 Statistical Analysis of Plasma Glucagon Pharmacokinetic Parameters 
(Source: Reviewer generated plot) 
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Glucose: 
 
Mean concentration-time profiles for glucose from the two treatments are shown in Figure 16 below: 
 

 

PG = Plasma Glucose 
 
Figure 16 Study IGBI: Mean Plasma Absolute Glucose Concentrations 
(Source: Reviewer generated plot) 
 
Similar plasma glucose responses were observed with both 3 mg nasal glucagon and 1 mg GlucaGen® for 
the first 40 minutes postdose. While a continuous increase of PG up to 1.5 hour was observed for 1 mg 
GlucaGen®, a plateau was reached for 3 mg nasal glucagon by 60 minutes.  The mean time to treatment 
success in adult patients with type 1 diabetes was 16.2 and 12.3 minutes in the 3 mg IN and 1 mg IMG 
treatment groups, respectively. The mean maximum glucose increase was 140 mg/dL. 
 
A cumulative distribution plot shows that more than 90% of the patients achieve treatment success within 
15 minutes of dosing (Figure 17). 
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Figure 17 Cumulative Distribution Plot of Percentage of patients achieving treatment success 
following NG 3 mg or IMG 1 mg 
(Source: Reviewer generated plot) 
 
The BGmax change from baseline was statistically different between treatment groups: geometric LS mean 
values were 160.3 mg/dL and 131.2 mg/dL for 1 mg GlucaGen® and 3 mg nasal glucagon, respectively 
(Figure 18). The AUC0-1 5 change from baseline was also statistically different between treatments: 
geometric LS mean values were 154.90 mg·hour/dL and 132.83 mg·hour/dL for 1 mg GlucaGen® and 3 
mg nasal glucagon, respectively (Figure 19).  Median time to maximum blood glucose concentration was 
slightly earlier for the NG treatment compared to IMG treatment (Figure 20). 
 

 
Figure 18 Individual, Mean and Median Maximum Blood Glucose by Treatment 
(Source: Reviewer generated plot) 
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Figure 19 Individual, Mean and Median Plasma Glucose AUEC(T1-T2) by Treatment 
(Source: Reviewer generated plot) 
 
 

 
Figure 20 Individual, Mean and Median Time to Maximum Blood Glucose by Treatment 
(Source: Reviewer generated plot) 
 
 
A Forest plot of relative bioavailability of glucose from 3 mg NG compared to 1 mg IMG is shown in 
Figure 21 below: 
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Figure 21 Statistical Analysis of Plasma Glucose Pharmacodynamic Parameters) 
(Source: Reviewer generated plot) 
 
 
Safety: 
 
The majority of treatment emergent adverse events (TEAEs) were mild and none were classified as severe 
for either treatment. Overall, the number of patients reporting a TEAE and the number of TEAEs reported 
were generally similar between treatments.  The most frequently reported TEAEs for both the 1 mg 
GlucaGen® and the 3 mg nasal glucagon treatment groups were nausea and vomiting, consistent with 
nausea and vomiting being the most common adverse reactions of currently marketed injectable glucagon 
products. 
 
In the 3 mg NG group, 22 events of nausea were reported by 22 patients reported compared to 29 events 
of nausea reported by 29 patients receiving 1 mg IMG.  Similarly 10 events of vomiting were reported 
by10 patients reported receiving 3 mg NG compared to 12 events of vomiting reported by 12 patients in 
the 1 mg IMG group (Figure 22). 
 
The time of onset and the duration of nausea and vomiting TEAEs were generally comparable between 
treatment groups. The majority of nausea events resolved within 3 hours of onset for both treatments, and 
all events of vomiting in both treatment groups resolved within 4 hours of onset for both treatments. 
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Figure 22 Study IGBI: Treatment Emergent Adverse Events by Order of Frequency 
(Source: Reviewer generated plot) 
 
 
3.3.5 Are there clinically relevant drug-drug interactions and what is the appropriate 

management strategy? 
 
No drug-drug interaction studies were conducted with NG. 
 
The current US label for GlucaGen list the following drug interactions relevant to treatment of severe 
hypoglycemia: 

 Warfarin: glucagon may increase the anticoagulant effect of warfarin 
 Beta-blockers: Patients taking beta-blockers might be expected to have a greater increase in both 

pulse and BP, which will be temporary because of glucagon’s short half-life. 
 Indomethacin: When used with indomethacin, glucagon may lose its ability to raise blood glucose 

or paradoxically may even produce hypoglycemia. 
 

3.3.6 Do common cold and the concomitant administration of nasal decongestant affect the 
PK and PD of NG in otherwise healthy subjects? 

 
The impact of nasal decongestant and common cold on NG 3 mg PK and PD was assessed in 36 
otherwise healthy adults in Study IGBE. 
 
In Cohort 1 of Study IGBE, 18 subjects (9 males, 9 females, mean age 32  ± 9 years) with nasal 
congestion due to common cold received a single NG 3 mg dose. After a 7- to 28-day washout period, 
and after being cold-symptom-free for at least 2 days, these subjects received a second NG 3 mg dose. In 
Cohort 2, 18 subjects (8 males, 10 females, mean age age 29 ± 8 years) with cold symptoms were given a 
dose of oxymetazoline, a nasal decongestant, in both nostrils 2 hours before a single NG 3 mg dose. This 
cohort did not receive a second dose of NG. 
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Glucagon: 
 
Mean concentration-time profiles for glucagon from the two treatments are shown in Figure 23 below: 
 

 
Figure 23 Study IGBE: Mean Plasma Glucagon Concentrations 
(Source: Reviewer generated plot) 
 
Administration 3 mg NG during Common Cold symptoms resulted in higher glucagon concentrations 
compared to administration of 3 mg NG during Common Cold pre-treated with oxymetazoline or 3 mg 
NG during Cold free symptoms.   Higher AUC0-t and Cmax were observed for 3 mg NG during Common 
Cold symptoms, with similar Tmax across treatments. 
 
 
Glucose: 
 
Mean concentration-time profiles for glucose from the two treatments are shown in Figure 24 below: 
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Figure 24 Study IGBE: Mean Plasma Absolute Glucose Concentrations 
(Source: Reviewer generated plot) 
 
The PD profile of  3 mg NG when administered during the symptoms of Common Cold was comparable 
to the other two treatments, both in terms of AUC0-t and Cmax. 
 
 
3.3.7 Is the to-be-marketed formulation the same as the clinical trial formulation, and if not, 

are there bioequivalence data to support the to-be-marketed formulation? 
 
The formulation of the pivotal trial IGBI is identical to the proposed commercial formulation (Table 3). 
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Six clinical studies with PK and and 5 clinical studies with PD data were included in the exposure-response 
analysis (Table 5). These studies included doses ranging from 0.5 mg to 6 mg. The proposed commercial 
dose of 3 mg was studied with commercially representative drug product in Study IGBI.  The NG 2 mg 
dose was administered in 3 studies using clinical trial drug product; NG 2 mg was not administered in any 
study as commercially representative drug product.  
 
Table 5 Index of Clinical Studies of Nasal Glucagon used in Population PK and Exposure-

Response Analyses 

 
(Source: Population PK and PD Analyses of Nasal Glucagon Studies IGBA, IGBB, IGBC, IGBD, IGBG, and IGBI, Table 7.1, 
Page 12) 
 
Note: Text in Section 4.2 of this review with a light background should be inferred as copied from the 
sponsor’s document. 
 
Model Development: PK 
 
Base Model Development 
A one-compartment model was used to describe the glucagon concentration data. Estimates of the PK 
parameters and error terms were obtained by fitting the concentration-time data by means of the nonlinear 
mixed-effects modeling program NONMEM Version 7.4.2 (ICON Development Solutions, Hanover, MD). 
The first order conditional (FOCE) with epsilon-eta interaction estimation method was used for all analyses 
(NONMEM User’s Guide, Part VII). The interpatient variability was assumed to be log-normally 
distributed, and variability terms were investigated for all parameters. Covariance between parameters was 
assessed using an omega block. In addition, 2 residual error models – proportional and combined additive 
and proportional – were also evaluated. Since many subjects/patients received multiple doses of glucagon 
(one dose of IMG/SCG and one dose of NG, or multiple doses of NG at different occasions), the inter-
occasion variability (IOV) was also evaluated. 
 
Selection of the most appropriate PK base model structure was based upon agreement between predicted 
and observed glucagon concentrations, lack of pattern (that is, randomness) in the weighted residuals versus 
the predicted values, changes in the inter-patient variability, and significant decreases in the minimum 
objective function (MOF). 
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