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Original Article

Hypoglycemia is a serious and potentially life-threatening 
complication of insulin therapy. Individuals with type 1 dia-
betes are at particular risk as their primary physiological 
defenses against hypoglycemia are absent or impaired. 
Glucagon secretion, which functions to raise circulating glu-
cose primarily by breaking down hepatic glycogen, is dys-
functional in type 1 diabetes and epinephrine secretion may 
also be impaired after recurrent hypoglycemia.1 Exercise and 
sleep, which by themselves already present times of high risk 
for hypoglycemia, may further impair the sympatho-adrenal 
response to hypoglycemia.2 In a large registry of subjects 
with type 1 diabetes, 12% of participants had experienced a 
severe hypoglycemic episode resulting in a seizure or coma 
in the past year.3 Estimates of deaths in those with type 1 
diabetes related to hypoglycemia range from 4-10%.4-6

Hypoglycemia is clearly an issue that has not been fully 
addressed by current day therapies and technologies. Closed-
loop systems are being developed as 1 potential solution.7 
Among these systems, automated insulin delivery alone is 
most common, but multiple groups have demonstrated safety 
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Abstract
Background: There is currently no stable liquid form of glucagon commercially available. The aim of this study is to assess 
the speed of absorption and onset of action of G-Pump™ glucagon at 3 doses as compared to GlucaGen®, all delivered 
subcutaneously via an OmniPod®.

Methods: Nineteen adult subjects with type 1 diabetes participated in this Phase 2, randomized, double-blind, cross-over, 
pharmacokinetic/pharmacodynamic study. Subjects were given 0.3, 1.2, and 2.0 µg/kg each of G-Pump glucagon and GlucaGen 
via an OmniPod.

Results: G-Pump glucagon effectively increased blood glucose levels in a dose-dependent fashion with a glucose Cmax of 
183, 200, and 210 mg/dL at doses of 0.3, 1.2, and 2.0 µg/kg, respectively (P = ns vs GlucaGen). Mean increases in blood 
glucose from baseline were 29.2, 52.9, and 77.7 mg/dL for G-Pump doses of 0.3, 1.2, and 2.0 µg/kg, respectively. There were 
no statistically significant differences between treatments in the glucose T50%-early or glucagon T50%-early with one exception. 
The glucagon T50%-early was greater following G-Pump treatment at the 2.0 μg/kg dose (13.9 ± 4.7 min) compared with 
GlucaGen treatment at the 2.0 μg/kg dose (11.0 ± 3.1 min, P = .018). There was more pain and erythema at the infusion site 
with G-Pump as compared to GlucaGen. No serious adverse events were reported, and no unexpected safety issues were 
observed.

Conclusions: G-Pump glucagon is a novel, stable glucagon formulation with similar PK/PD properties as GlucaGen, but was 
associated with more pain and infusion site reactions as the dose increased, as compared to GlucaGen.
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and efficacy of combined insulin and glucagon delivery  
systems.8-10 In such systems, small doses of glucagon are 
given via a pump automatically to prevent or treat hypoglyce-
mia. Currently available glucagon formulations, such as 
GlucaGen® (Novo Nordisk), consist of lyophilized powder 
that requires reconstitution with sterile water. They are 
approved only for treatment of severe hypoglycemia. The 
product is to be used immediately after reconstitution and then 
discarded due to issues of protein aggregation and  
degradation.11 There remains an unmet need for a stable gluca-
gon formulation. Xeris Pharmaceuticals is developing a body-
temperature stable, soluble liquid glucagon formulation, 
G-Pump™ glucagon, that can be administered with an infu-
sion pump,12,13 and it has been safely administered to adults 
with type 1 diabetes via syringes.14 Its first use in humans via 
a patch pump as compared to GlucaGen is described here, spe-
cifically to evaluate the speed of glucagon absorption and 
onset of action between the 2 formulations of glucagon.

Methods

Materials

G-Pump glucagon was provided by Xeris Pharmaceuticals, 
Inc (Austin, TX, USA) as a 5 mg/ml solution. This solution 
was transferred to an OmniPod® system without further pro-
cessing. GlucaGen glucagon was purchased from Cardinal 
and reconstituted to 1 mg/ml with the diluent provided, as per 
the label instructions, prior to transfer to the OmniPod system. 
Transfer of GlucaGen to the OmniPod was typically within 10 
minutes of reconstitution to avoid product degradation.

Subjects

Nineteen subjects with type 1 diabetes on insulin pump ther-
apy were admitted for two 12-hour visits. All subjects pro-
vided written informed consent before entering the study. 
The mean age of all subjects was 35.3 years (range 24 to 60 
years), and the majority were females (63.2%).

All subjects were required to be between 18 and 65 years of 
age, on an insulin pump, and have an A1C of <10%. Women of 
childbearing age were required to have a negative urine preg-
nancy test prior to participation. Patients with prior history of 
cardiovascular, cerebrovascular, kidney, or liver disease or any 
other uncontrolled medical conditions were excluded. Other 
exclusion criteria included oral or parenteral corticosteroid use, 
active foot ulceration, bleeding disorder, seizure disorder, 
active alcohol or substance abuse, glycogen storage disease, or 
any contraindication to receiving glucagon.

Protocol

The research protocol was approved by the Oregon Health & 
Science University (OHSU) Institutional Review Board, this 
study was registered with clinicaltrials.gov (NCT02081001), 
and was filed under IND 120653. This was a single center, 

double-blind, randomized, 2-treatment, 2x3-period crossover 
study designed to compare the pharmacokinetic and pharma-
codynamic profiles of G-Pump glucagon compared to 
GlucaGen given via an OmniPod to adult subjects with type 1 
diabetes. Subjects were randomized to 1 of 6 treatment groups 
to receive the appropriate sequence of blinded study medica-
tion. Both the order of drug administration (G-Pump versus 
GlucaGen) and the dosing sequence were randomized.

On treatment days, subjects arrived to OHSU at approxi-
mately 7:30 am, had 2 IV catheters placed, suspended their 
own insulin pumps, and received regular insulin intrave-
nously to achieve a blood glucose level of 80-140 mg/dL. 
Subjects fasted after midnight the night prior to the study until 
the end of the treatment visit. Insulin pumps were suspended 
at least 3 hours prior to the first glucagon dose. Venous blood 
was drawn for measurement of glucose via a Hemocue 
Glucose Analyzer at a minimum of 10-minute intervals. Also, 
10% dextrose was given during this stabilization period if 
needed to prevent hypoglycemia. After 150 minutes, the rate 
of regular insulin was fixed and dextrose was discontinued. 
The rate of regular insulin was determined by the onsite 
investigator based on the subject’s typical basal rates and was 
adjusted if needed by the investigator based on the subject’s 
response. The same rate of regular insulin was given at the 
subsequent visit. Dextrose (100 mL of 10% dextrose) was 
given after the stabilization period only if venous glucose was 
< 60 mg/dL. The first dose of glucagon was given 30 minutes 
after the regular insulin dose was fixed. Subjects received 3 
doses (0.3, 1.2, and 2.0 μg/kg) of either G-Pump or GlucaGen 
glucagon subcutaneously via an OmniPod, as a normal bolus, 
applied to the anterior abdomen. The order was randomized 
and double-blinded. Only the research pharmacists and study 
nurses were responsible for filling the OmniPods and were 
unblinded. GlucaGen was reconstituted and immediately 
filled into OmniPods for use in the study within 10 minutes. 
G-Pump glucagon was stored in liquid form in a vial for a 
minimum of 5 months at controlled room temperature before 
it was transferred to the OmniPod for use in the study. 
Unblinded staff was not involved in any other aspect of the 
study. Doses were given 2.5 h apart. One mL of venous blood 
was drawn for measurement of glucose via a Hemocue 
Glucose Analyzer and placed in EDTA tubes prepped with 
aprotinin for measurement of glucagon by RIA (EMD 
Millipore) at −30 and −10 minutes and immediately prior to 
the first study glucagon dose and for all 3 study doses imme-
diately prior to administration and at 2, 5, 10, 15, 20, 30, 40, 
60, 80, 100, 120, and 150 minutes post dose. The same sam-
ples were also assayed for insulin level (Mercodia Iso-Insulin 
ELISA) every 20 minutes. Subjects completed assessments of 
infusion site discomfort 10 ± 5 minutes and 30 ± 5 minutes 
after the start of each glucagon delivery. After each dose, the 
OmniPod was removed and the site was examined and scored 
on the Draize scale15 by a blinded investigator. On the second 
treatment visit, which occurred 3 to 28 days later, subjects 
underwent the same procedures, with the same fixed insulin 
rate, and received the same 3 doses and order, but of the other 
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treatment (G-Pump or GlucaGen). A follow-up visit was con-
ducted 3 to 14 days following administration of the final dose.

Statistical Analysis

The primary efficacy variables were the speed of action as 
assessed by the time to reach 50% of the maximum glucose 
concentration (T50%-early) and the speed of absorption as 
assessed by the time to reach 50% of the maximum gluca-
gon concentration. A sample size of 18 was determined to be 
sufficient to establish bioequivalence with 90% power, a 
level of significance of 10%, and equivalence limits of 
−2.35 and 2.35 when the true difference between means was 
0.00 and the standard deviation was 1.0 (PASS Version 11, 
NCSS Kaysville UT 2011). These criteria were predeter-
mined in accordance with FDA guidance on bioequivalence. 
The secondary variables were maximum concentration, 
time to maximum concentration, time to reach 50% of maxi-
mum concentration after Cmax was achieved, and area 
under the curve (AUC) from time 0 to 60 min, 0 to 120 min, 
and 0 to 150 minutes for both glucose and glucagon concen-
tration. Adverse events, infusion site pain, Draize Scale, and 
discomfort level were summarized descriptively for all sub-
jects. The mean, SD, minimum and maximum values, or 
count and percentage were summarized for G-Pump and 
GlucaGen treatments for infusion site pain, Draize Scale, 
and discomfort level. To allow more precise evaluation, pain 
at the infusion site was measured using a 100-mm visual 
analog score (VAS) as opposed to be being captured as an 
adverse event. VAS scores range from 0 = “no discomfort” 
to 100 = “worst possible discomfort.” Subjects reported pain 
using the VAS at 10 minutes and 30 minutes post the start of 
the infusion.

A mixed model, including all the factors (formulation, dose 
level, time period, sequence, and baseline value) and interac-
tions, was applied first to test for bioequivalence. However, in 
some cases, the mixed model failed to converge, in which case 
a reduced model with fewer factors and interactions was used. 
The reduced model still included formulation, time period, 
sequence, baseline value, and subject as the repeated random 
factor. Log-transformed parameters were used as the input to 
obtain the ratio between G-Pump and GlucaGen and to satisfy 
the normality assumption of the mixed model. The test results 
provided the 90% confidence interval (CI), estimated from 
contrasts, the point estimates, and pairwise comparison P val-
ues. A similar mixed model was also used to test the difference 
in AUC among doses of each formulation as well as the VAS. 
McNemar’s test was also applied to test the effects of G-Pump 
and GlucaGen treatments on discomfort incidence as well as 
the Draize Scale assessments. Data from 2 subjects (one for 
visit 1, one for visit 2) were excluded from the analysis. This 
was due to 1 subject receiving the wrong study drug and the 
other subject receiving only 20% of the intended dose. In addi-
tion, 1 subject withdrew from the study due to nausea and vom-
iting in visit 1. Statistical significance was accepted at P < .1 in 
accordance with FDA guidance on bioequivalence studies.

Dextrose rescues was given to 5 subjects and was given 
within the last few times points of each dosing period. In 
such cases, the glucose measured after rescue did not reflect 
the effects of the test drug. To solve this problem, the glucose 
measurements were imputed after the dextrose rescue using 
linear extrapolation based on the log-transformed values of 
the glucose reported before the dextrose rescue. This resulted 
in the imputation of the last 4 data points for 1 subject, the 
last 3 data points for 2 subjects, and the last 2 data points for 
2 subjects. The imputation was done by estimation of the 
slope from the log of the last 2 data points before administra-
tion of dextrose, then extrapolation to the rest of the data 
points, and then exponentially transforming the data back.

Results

Dose-dependent increases in glucose and glucagon levels 
were observed following both G-Pump and GlucaGen treat-
ments at all 3 doses. The mean glucagon and glucose concen-
tration curves were comparable between the G-Pump and 
GlucaGen treatments with little separation at all 3 doses. The 
mean maximum glucose increases from baseline were 29.2, 
52.9, and 77.7 mg/dL following G-Pump treatment with 
doses of 0.3, 1.2, and 2.0 μg/kg, respectively (P = ns vs 
GlucaGen; see Figure 1). There were no statistically signifi-
cant differences between G-Pump and GlucaGen treatments 
in the glucose T50%-early or glucagon T50%-early at the 0.3 ug/kg 
and 1.2 ug/kg. The glucagon T50%-early was greater following 
G-Pump treatment at the 2.0 μg/kg dose (13.9 ± 4.7 min) 
compared with GlucaGen treatment at the 2.0 μg/kg dose 
(11.0 ± 3.1 min, P = .018). Insulin levels were similar for 
both arms. Just prior to the 0.3 ug/kg glucagon dose, mean 
insulin levels were 5.6 vs 5.4 μg/L, after the dose (the mean 
over the subsequent 150 min) 5.3 vs 5.6 μg/L, before the 1.2 
ug/kg dose 7.2 vs 7.5 μg/L, after the dose 6.9 vs 6.3 μg/L and 
before the 2.0 μg/kg 7.1 vs 4.9 μg/L, and after the dose 5.4 vs 
5.6 μg/L (GlucaGen vs G-Pump). Dose responses were 
observed for glucagon AUC60, AUC120, and AUC150. 
Significant statistical differences were detected among all 
doses for both G-Pump and GlucaGen treatments. Similarly, 
dose responses were observed for glucose AUC60, AUC120, 
and AUC150 of both G-Pump and GlucaGen treatments and 
significant differences were detected between 2.0 ug/kg and 
0.3 ug/kg dose for glucose AUC120, and AUC150. There was 
no statistically significant difference detected between treat-
ments at any dose for other secondary PK or PD variables. 
See Table 1 for detailed PK results, and see Table 2 for 
detailed PD results.

The majority of subjects reported an adverse event (AE) 
following G-Pump (84.2%) and GlucaGen (66.7%) treat-
ment (see Table 3, which depicts AEs reported by >5% of 
subjects given G-Pump). Most of the AEs reported were 
either mild or moderate. Two events were reported by 1 sub-
ject during the study (nausea and vomiting), which were 
classified as severe and occurred following G-Pump treat-
ment. There were no deaths, serious adverse events, or other 



1104 Journal of Diabetes Science and Technology 10(5) 

Figure 1. Mean glucagon and glucose concentration curves for G-Pump and GlucaGen (panel A 0.3 µg/kg dose, panel B 1.2 µg/kg dose, 
and panel C 2.0 µg/kg dose). Glucagon levels after GlucaGen administration are shown with purple squares with dashed lines and after 
G-Pump with purple diamonds with solid lines. Glucose levels after GlucaGen are shown with red circles with dashed lines and after 
G-Pump with red triangles with solid lines. Note there is little separation between glucagon and glucose levels after administration of 
G-Pump versus GlucaGen at all 3 doses.

Table 1. Pharmacokinetic Parameters of G-Pump Versus GlucaGen Glucagon.

Parameter 
dose

G-Pump GlucaGen G-Pump versus GlucaGen

n GeoMean (SD)a n GeoMean (SD)a Estimate (SE) 90% CI P value

Glucagon Cmax (pg/dL)
 0.3 μg/kg 19 168.1 (57.66) 16 140.2 (53.69) 1.26 (0.19) 0.97, 1.64 .1458
 1.2 μg/kg 19 328.2 (127.9) 16 229.3 (161.6) 1.29 (0.26) 0.90, 1.84 .2422
 2.0 μg/kg 19 440.6 (310.9) 16 446.9 (220.4) 0.83 (0.15) 0.60, 1.14 .3092
Glucagon Tmax (minutes)
 0.3 μg/kg 19 24.5 (23.42) 16 23.3 (10.71) 0.91 (0.22) 0.60, 1.38 .7004
 1.2 μg/kg 19 27.3 (12.93) 16 23.9 (6.31) 1.26 (0.21) 0.94, 1.68 .1886
 2.0 μg/kg 19 31.9 (15.93) 16 23.9 (8.74) 1.45 (0.26) 1.07, 1.98 .0517
Glucagon T50%-early (minutes)
 0.3 μg/kg 19 12.2 (10.51) 16 7.6 (3.51) 1.37 (0.34) 0.88, 2.12 .2299
 1.2 μg/kg 19 12.4 (5.07) 16 10.5 (4.46) 1.29 (0.18) 1.01, 1.65 .0858
 2.0 μg/kg 19 13.9 (4.65) 16 11.0 (3.09) 1.36 (0.16) 1.11, 1.67 .0176
Glucagon AUC60 (pg/dL*minutes)
 0.3 μg/kg 19 7022 (2572) 16 6187 (2217) 1.16 (0.17) 0.90, 1.49 .3357
 1.2 μg/kg 19 13 062 (4886) 16 9704 (6112) 1.18 (0.22) 0.85, 1.63 .3850
 2.0 μg/kg 19 17 451 (11 487) 16 18 132 (8481) 0.79 (0.13) 0.58, 1.06 .1801
Glucagon AUC120 (pg/dL*minutes)
 0.3 μg/kg 19 10 542 (3281) 16 9395 (3162) 1.08 (0.13) 0.87, 1.35 .5308
 1.2 μg/kg 19 19 460 (5909) 16 14 266 (7703) 1.20 (0.17) 0.93, 1.55 .2189
 2.0 μg/kg 19 25 561 (14 459) 16 25 439 (10 635) 0.83 (0.13) 0.64, 1.09 .2458
Glucagon AUC150 (pg/dL*minutes)
 0.3 μg/kg 19 12 104 (3944) 16 11 070 (3032) 1.06 (0.12) 0.87, 1.30 .6085
 1.2 μg/kg 19 21 177 (6139) 16 15 781 (7874) 1.19 (0.16) 0.94, 1.50 .2152
 2.0 μg/kg 19 27 595 (14 530) 16 27 355 (10 757) 0.84 (0.12) 0.66, 1.09 .2600

aDescriptive mean and standard deviation.
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significant AEs reported during this study. There was no evi-
dence for any effect of either treatment on clinical laboratory 
assessments, vital signs, weight, or EKG evaluations.

At 10 minutes post injection, significant differences in the 
VAS results for infusion site pain were detected between 
G-Pump and GlucaGen at the 1.2 μg/kg dose (18.9 ± 21.1 vs 0.3 
± 1.0, P = .0005) and 2.0 μg/kg dose (22.7 ± 25.5 vs 0.3 ± 0.7,  
P < .0001), but not at the lowest dose (7.8 ± 18.9 vs 2.2 ± 9.2,  
P = ns). At 30 minutes post injection, there was a significant 
difference in the VAS results at the 2.0 μg/kg dose (3.8 ± 9.0 vs 

0.3 ± 1.4, P = .0258), but not at the 2 other doses. Twelve of the 
13 subjects with pain at 30 minutes after receiving G-Pump glu-
cagon had coinciding erythema at the infusion site. See Table 4 
for detailed visual analog scale results.

Discussion

The development of a stable, liquid form of glucagon will 
allow for a premixed, ready-to-use glucagon auto-injector that 
does not require reconstitution. Other potential applications of 

Table 2. Pharmacodynamic Parameters of G-Pump Versus GlucaGen Glucagon.

Parameter 
dose

G-Pump GlucaGen G-Pump versus GlucaGen

n GeoMean (SD)a n GeoMean (SD)a Estimate (SE) 90% CI P value

Glucose Cmax (mg/dL)
 0.3 μg/kg 19 177.6 (43.10) 16 162.0 (51.69) 1.18 (0.11) 1.01, 1.39 .0857
 1.2 μg/kg 19 198.8 (49.37) 16 183.3 (66.15) 1.12 (0.12) 0.93, 1.35 .2944
 2.0 μg/kg 19 212.6 (57.18) 16 200.6 (63.81) 1.11 (0.09) 0.96, 1.28 .2421
Glucose Tmax (minutes)
 0.3 μg/kg 14 38.2 (29.62) 11 25.9 (28.38) 2.02 (0.95) 0.87, 4.66 .1619
 1.2 μg/kg 18 49.5 (41.79) 16 31.2 (34.75) 1.31 (0.49) 0.68, 2.54 .4783
 2.0 μg/kg 19 49.4 (40.59) 16 52.8 (20.21) 0.80 (0.16) 0.57, 1.13 .2825
Glucose T50%-early (minutes)
 0.3 μg/kg 14 17.2 (8.76) 11 7.6 (9.45) 2.06 (1.19) 0.74, 5.75 .2349
 1.2 μg/kg 18 21.9 (18.44) 16 14.5 (15.36) 1.25 (0.43) 0.69, 2.28 .5192
 2.0 μg/kg 19 21.3 (16.52) 16 22.8 (6.51) 0.86 (0.19) 0.59, 1.25 .4864
Glucose AUC60 (mg/dL*minutes)
 0.3 μg/kg 19 9587 (2820) 16 9032 (2983) 1.15 (0.12) 0.95, 1.39 .2178
 1.2 μg/kg 19 10 421 (2637) 16 9791 (3584) 1.10 (0.11) 0.93, 1.31 .3245
 2.0 μg/kg 19 10 609 (2763) 16 9943 (2692) 1.13 (0.09) 0.98, 1.29 .1399
Glucose AUC120 (mg/dL*minutes)
 0.3 μg/kg 19 18 472 (6189) 16 17 374 (6300) 1.17 (0.14) 0.95, 1.43 .1970
 1.2 μg/kg 19 21 406 (5563) 16 19 687 (7600) 1.13 (0.12) 0.94, 1.36 .2495
 2.0 μg/kg 19 22 310 (6339) 16 21 057 (6653) 1.12 (0.09) 0.97, 1.30 .1930
Glucose AUC150 (mg/dL*minutes)
 0.3 μg/kg 19 22 296 (7998) 16 21 005 (7931) 1.18 (0.14) 0.96, 1.46 .1883
 1.2 μg/kg 19 26 251 (7110) 16 24 079 (9348) 1.15 (0.12) 0.95, 1.38 .2126
 2.0 μg/kg 19 27 360 (8190) 16 25 845 (8624) 1.13 (0.10) 0.97, 1.31 .1890

aDescriptive mean and standard deviation.

Table 3. Adverse Events Reported by >5% of Subjects Treated With G-Pump Glucagon.

Description

G-Pump glucagon GlucaGen glucagon

Subj (%) Event Subj (%) Event

Total number of subjects 19 19  
Number of subjects who had at least 1 AE 16 (84.2%) 12 (63.2%)  
Number of all events 41 21
Well-defined erythema 9 (47.4%) 14 2 (10.5%) 2
Nausea 5 (26.3%) 6 6 (31.6%) 6
Well-defined edema 5 (26.3%) 7 1 (5.3%) 1
Dizziness 2 (10.5%) 3 0 (0.0%) 0
Headache 2 (10.5%) 3 5 (26.3%) 5
Vomiting 2 (10.5%) 4 3 (15.8%) 3



1106 Journal of Diabetes Science and Technology 10(5) 

stable glucagon include a mini-dose pen for administration of 
smaller doses in cases such as gastroenteritis16,17 as well as 
delivery via a pump in the context of a closed-loop system. 
Xeris Pharmaceuticals’ G-Pump glucagon is the first known 
native glucagon formulation to offer extended liquid stability at 
room or body temperature, and may ultimately enable such 
product applications.

The pharmacokinetic and pharmacodynamic properties of 
G-Pump glucagon were very similar to GlucaGen. At the 
highest dose of 2.0 μg/kg, there was a consistent trend for 
less drug exposure and slower absorption for G-Pump gluca-
gon as compared to GlucaGen. However, this trend did not 
extrapolate to the pharmacodynamic data, which had a trend 
toward a more rapid rise in glucose, but this was not statisti-
cally significant. If G-Pump is incorporated into bihormonal 
closed-loop systems in the future, likely no changes in treat-
ment algorithms will be required, although future studies 
will be required to determine if changes are needed.

Limitations of this study include that 5 of the subjects 
required rescue from hypoglycemia using dextrose. 
Hypoglycemia has been shown in animals to accentuate the 
response to glucagon18 and the administration of dextrose 
immediately raises blood glucose. Therefore the last few data 
points for those 5 subjects were imputed after the administra-
tion of dextrose. In addition, 3 doses of glucagon were given 
on a single study day and the baseline glucose was commonly 
higher for the subsequent doses as compared to the first gluca-
gon dose. It is unknown if the higher baseline glucose at the 
time of glucagon administration blunted the rise in glucose. 
The order of the 3 doses was randomized to account for this 
possible effect and the order of the doses were held constant 
for any particular subject between the G-Pump dosing visit 
and the GlucaGen dosing visit. In addition, endogenous gluca-
gon production was not suppressed in this study. However, as 
expected, their baseline glucagon levels were low.

The G-Pump formulation used in this study was associ-
ated with significantly more erythema and pain at the pump 
infusion site as compared to GlucaGen. The majority of reac-
tions were mild or moderate, but nevertheless may limit the 
clinical utility of G-Pump glucagon at higher doses. The 
smallest dose was much better tolerated, and G-Pump 

glucagon could potentially be delivered in multiple small 
doses as needed. In this protocol, the glucagon was dosed 
immediately after pump placement and then the pump was 
removed after 10 minutes. It is unknown if the erythema and 
pain would have been significantly reduced with a longer 
application of the pump, as these pumps are typically worn 
for 72 hours. It is also unknown if repeated administration 
could increase the site reactions. The mechanism of the pain 
is unclear, but could arise due to the hypotonic nature of the 
nonaqueous glucagon formulation. Additional testing is 
required and an optimized G-Pump formulation may be 
required for administration via a pump.

Conclusions

These study results demonstrate that the speed of absorption 
and onset of action of G-Pump were similar to that of 
GlucaGen. There was a dose-dependent increase in both glu-
cagon and glucose levels, and there was little separation 
between G-Pump and GlucaGen treatments at all 3 doses. 
Given the similarities of the pharmacodynamic profiles of 
G-Pump and GlucaGen, likely no changes in treatment algo-
rithms will be required for use of G-Pump in place of 
GlucaGen in a closed-loop system.

While G-Pump demonstrated sufficient efficacy in this 
study, additional drug formulation development or dosing 
adjustment could be tested to increase the clinical utility of 
this stable liquid glucagon.
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Table 4. Visual Analog Scale Data: Discomfort by Dose and Between Treatments at Each Time Point.

 

Xeris G-Pump, N = 19 Novo GlucaGen, N = 18 Xeris G-Pump versus Novo GlucaGen

Mean (SD) Mean (SD) Estimate (SE) 95% CI P value

10 minutes from the start of dosing
 0.3 μg/kg 7.8 (18.9) 2.2 (9.2) –6.4 (5.4) –17.1, 4.3 .2359
 1.2 μg/kg 18.9 (21.1) 0.3 (1.0) –19.4 (5.4) –30.1, –8.7 .0005
 2.0 μg/kg 22.7 (25.5) 0.3 (0.7) –23.3 (5.4) –34.0, –12.6 <.0001
30 minutes from the start of dosing
 0.3 μg/kg 1.9 (4.8) 0.0 (0.0) –2.0 (1.6) –5.1, 1.2 .2175
 1.2 μg/kg 1.5 (4.0) 0.7 (2.6) –0.9 (1.6) –4.0, 2.3 .5840
 2.0 μg/kg 3.8 (9.0) 0.3 (1.4) –3.6 (1.6) –6.7, –0.4 .0258

One subject discontinued early and never received GlucaGen treatment. Therefore, this subject was not included in the GlucaGen group.
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