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ABSTRACT
Introduction  To prevent medical sequelae of severe 
hypoglycemic emergencies, prompt and reliable rescue 
intervention is critically important. A ready-to-use, 
liquid stable glucagon, administered subcutaneously by 
glucagon autoinjector (GAI), Gvoke HypoPen (glucagon 
injection; Xeris Pharmaceuticals), was evaluated for rescue 
treatment of severe hypoglycemia.
Research design and methods  Two phase III, 
randomized, controlled, blinded, non-inferiority crossover 
studies were conducted in 161 adults with type 1 diabetes 
to compare 1 mg doses of GAI versus glucagon emergency 
kit (GEK) for treating insulin-induced severe hypoglycemia. 
Efficacy was evaluated as either a return of plasma 
glucose to >70 mg/dL (3.9 mmol/L) or increase ≥20 mg/
dL (1.1 mmol/L) from a baseline glucose of <50 mg/dL 
(2.9 mmol/L), within 30 min of dosing.
Results  For successful plasma glucose recovery within 
30 min, treatment with GAI was non-inferior to GEK. 
Treatment with GAI was non-inferior to GEK for a plasma 
glucose >70 mg/dL (3.9 mmol/L) or neuroglycopenic 
symptom relief within 30 min. From administration 
of glucagon, the mean time to achieve plasma 
glucose >70 mg/dL (3.9 mmol/L) or increase ≥20 mg/dL 
(1.1 mmol/L) was 13.8±5.6 min for GAI and 10.0±3.6 min 
for GEK. This mean time does not account for the 
significantly shorter (p<0.0001) drug preparation and 
administration time for GAI (27.3±19.7 s) versus GEK 
(97.2±45.1 s). The incidence of treatment emergent 
adverse events was comparable in both groups.
Conclusions  A ready-to-use GAI was non-inferior to 
GEK, with a similar tolerability profile. GAI is an effective, 
safe, and well-tolerated rescue treatment for severe 
hypoglycemia and is a viable alternative to GEK.
Trial registration numbers  NCT02656069 and 
NCT03439072.

INTRODUCTION
Severe hypoglycemic events are mostly treated 
in a prehospital setting,1 and if not promptly 
and definitively treated with rapid-acting oral 

glucose (15 g of carbohydrate) or glucagon 
delivered via intravenous (IV), intramus-
cular, or subcutaneous (SC) administra-
tion, can progress to loss of consciousness, 
seizure, coma, or death. Currently, American 
Diabetes Association (ADA) recommends 
that glucagon should be prescribed, so it is 
available should it be needed for all individ-
uals at increased risk of level 2 or 3 hypogly-
cemia. Level 2 hypoglycemia is defined as 
blood glucose <54 mg/dL (3.0 mmol/L) and 
level 3 hypoglycemia as a severe event char-
acterized by altered mental and/or physical 

Significance of this study

What is already known about this subject?
►► Hypoglycemia is the major limiting factor in the op-
timal glycemic management of both type 1 and type 
2 diabetes.

►► Glucagon is indicated for the treatment of hypo-
glycemia in people unable or unwilling to consume 
carbohydrates by mouth. Current American Diabetes 
Association (ADA) standards recommend that glu-
cagon should be prescribed for all individuals at 
increased risk of level 2 or 3 hypoglycemia so that 
glucagon is available should it be needed.

►► Lyophilized glucagon emergency kits (GEKs) are 
available to treat severe hypoglycemia; however, 
they can be difficult to prepare because of manual 
reconstitution and dose preparation prior to injec-
tion. Successful rates for full dose glucagon delivery 
by users of GEK are low, reported in the range of 
6%–31% in simulated emergency settings.

►► Despite ADA guidelines, the poor usability of GEKs 
may contribute to the less than 50% of those with 
type 1 diabetes and less than 2.5% of those with 
type 2 diabetes having a filled glucagon prescription. 

http://drc.bmj.com/
http://orcid.org/0000-0003-0581-5412
http://dx.doi.org/10.1136/bmjdrc-2021-002137
http://dx.doi.org/10.1136/bmjdrc-2021-002137
http://dx.doi.org/10.1136/bmjdrc-2021-002137
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2021-002137&domain=pdf&date_stamp=2021-010-07
NCT02656069
NCT03439072


2 BMJ Open Diab Res Care 2021;9:e002137. doi:10.1136/bmjdrc-2021-002137

Emerging technologies, pharmacology and therapeutics

functioning that requires assistance from others.2 Care-
givers, school personnel, and family members of these 
individuals should know where it is and when and how to 
administer it. Glucagon administration is not limited to 
healthcare professionals, particularly with the availability 
of intranasal and stable soluble glucagon available in auto-
injector pens.2 While powdered glucagon emergency kits 
(GEKs) are available to treat severe hypoglycemia, they 
can be difficult to prepare because of a multistep manual 
reconstitution process, calibrating the pediatric dose 
requirement, and the ability to draw up the appropriate 
reconstituted glucagon volume prior to injection. These 
steps are error prone and may delay prompt and accurate 
administration of glucagon.3 Successful GEK delivery of 
a full dose of glucagon ranges from 6% to 31%.4–8 The 
poor usability of GEKs may contribute to the  <50% of 
those with type 1 diabetes and <2.5% of those with type 2 
diabetes having a filled glucagon prescription.9 Glucagon 
is often not available when needed, and even when acces-
sible, it may be improperly prepared and administered, 
leading to a failed full dose of drug delivered.

A novel, ready-to-use, liquid stable glucagon formula-
tion, Gvoke HypoPen, (glucagon injection; Xeris Phar-
maceuticals) has been developed10 and is indicated for 
the treatment of severe hypoglycemia in pediatric and 
adult persons with diabetes (PWD) ages >2 years.11 GAI 
contains ready-to-use, liquid stable glucagon that is 

room temperature stable for up to 2 years and requires 
no reconstitution at the time of emergency. Similar to 
rescue pen products such as EpiPen (epinephrine injec-
tion, Mylan Inc), the GAI is single use only, has no visible 
needle, a needle guard that automatically locks after use, 
produces audible clicks when medication is delivered, 
and injects a full dose of medication.12 GAI provides 
a visual cue when the full drug dose has been success-
fully delivered. In two human factors studies with liquid 
stable glucagon administered in an autoinjector or in a 
prefilled syringe, 99% of adolescent and adult, trained 
and untrained users, were able to successfully administer 
the full dose of glucagon, promptly and on first attempt 
during simulated emergency settings.8 12

We report results from two phase III studies conducted 
in North America comparing SC doses of GAI versus 
GEK (Glucagon; glucagon for injection; Lilly USA) for 
treating insulin-induced severe hypoglycemia in adults 
with type 1 diabetes.

RESEARCH DESIGN AND METHODS
Two phase III, randomized, controlled, blinded, non-
inferiority crossover studies were conducted in 161 adults 
with type 1 diabetes to compare 1 mg doses of GAI versus 
GEK for the treatment of insulin-induced severe hypogly-
cemia. The 505(b)(2) regulatory pathway was followed 
for the development program of the liquid stable 
glucagon that required efficacy and safety comparisons 
with the current Reference Listed Drug, Lilly GEK, which 
is approved for the treatment of severe hypoglycemia. 
The primary objective of each study was to demonstrate 
the non-inferiority of GAI to GEK to achieve successful 
plasma glucose recovery, from a state of insulin-induced 
severe hypoglycemia (plasma glucose <50 mg/dL 
(2.9 mmol/L)). Efficacy was evaluated as either a return 
of plasma glucose to >70 mg/dL (3.9 mmol/L) or increase 
in plasma glucose ≥20 mg/dL (1.1 mmol/L) from a base-
line glucose <50 mg/dL (2.9 mmol/L), within 30 min 
of dosing. A failure for either treatment was recorded 
if plasma glucose remained ≤70 mg/dL (3.9 mmol/L) 
or an increase <20 mg/dL (1.1 mmol/L) throughout 
the 0–30 min period from study drug administration. 
Secondary objectives were to compare the glucose phar-
macodynamics (PD), hypoglycemic symptom relief, 
glucagon pharmacokinetics (PK), drug preparation 
time, and the safety and tolerability of GAI versus GEK. 
XSGP-301 was a non-inferiority, randomized, controlled, 
double-blind, two-treatment, two-way crossover compar-
ative efficacy and safety study in adult participants with 
type 1 diabetes. XSGP-303 was similar in design to XSGP-
301, except that it incorporated a single blind (only the 
participant was blinded to the treatment assignment), in 
order to better emulate a real-world setting, and evaluate 
glucagon preparation and administration by the care-
giver. These two studies were conducted across 13 clinical 
research centers in North America.

Significance of this study

What are the new findings?
►► A ready-to-use glucagon autoinjector (GAI) was non-inferior to lyo-
philized powder glucagon emergency kit (GEK) for successful plas-
ma glucose recovery within 30 min with a similar tolerability profile 
in adults with type 1 diabetes.

►► Across both studies, the proportion of participants who achieved 
treatment efficacy was 98.7% in the GAI group and 100% in the 
GEK group.

►► 99.4% of participants treated with GAI had a plasma glu-
cose  >70 mg/dL (3.9 mmol/L) or neuroglycopenic symptom relief 
within 30 min with a median time to any increase in plasma glucose 
of 102 s.

►► The mean time to achieve plasma glucose >70 mg/dL (3.9 mmol/L) 
or increase in plasma glucose ≥20 mg/dL (1.1 mmol/L) was 
13.8±5.6 min for GAI and 10.0±3.6 min for GEK. This mean time 
does not account for the statistically significant shorter drug prepa-
ration and administration time for GAI (27.3±19.7 s) versus GEK 
(97.2±45.1 s) (p<0.0001).

►► Hypoglycemia symptoms began to resolve as early as 5 min and 
total symptom relief occurred within 30 min after study glucagon 
administration.

How might these results change the focus of research or 
clinical practice?

►► Prompt relief of neuroglycopenic symptoms are critical in the res-
cue of severe hypoglycemia emergencies.

►► These two studies demonstrate that ready-to-use GAI supports the 
prompt and reliable administration of a full-dose of glucagon for 
treatment of severe hypoglycemia.
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Participants included men and women aged 18–75 years 
with type 1 diabetes for >24 months; use of daily insulin 
(<2.0 U/kg total insulin/day); an assigned correction 
factor for managing hyperglycemia; and a C-peptide level 
<0.5 ng/mL at screening. Exclusion criteria included a 
glycated hemoglobin level >9%; body mass index >40 kg/
m2 (XSGP-303); any medical condition that could inter-
fere with the conduct of the study; history of allergy or 
hypersensitivity to glucagon or glucagon-like products; 
and history of pheochromocytoma, insulinoma, and 
glycogen storage disease. Full protocol details are avail-
able at ​ClinicalTrials.​gov.

Enrolled study participants were randomly assigned 
to one of two treatment groups in a crossover fashion 
using a block design stratified by clinic (group 1: GAI 
to GEK, group 2: GEK to GAI). Participants underwent 
two glucagon dosing visits, scheduled 7–28 days apart. 
Each participant was randomly assigned to receive 
either GAI 1 mg SC or GEK 1 mg SC during the initial 
insulin-induced hypoglycemia clamp procedure, and 
then received the other assigned glucagon preparation 
at the second scheduled clamp procedure. The study 
procedure consisted of inducing clinically important 
severe hypoglycemia (level 2)2 by continuous IV adminis-
tration of regular insulin diluted in normal saline. Each 
participant received the assigned study drug during the 
insulin-induced hypoglycemia clamp procedure (online 
supplemental figure 1). Each glucagon dosing visit was 
conducted after an overnight fast of at least 8 hours 
with a starting plasma baseline glucose between 75 and 
115 mg/dL (4.2–6.4 mmol/L). To achieve level 2 hypo-
glycemia, a combination of one or more IV bolus doses 
of insulin along with a continuous IV infusion of insulin 
was used to decrease plasma glucose to a target value 
<50 mg/dL (2.9 mmol/L). The continuous IV insulin 
infusion was stopped once plasma glucose was <50 mg/
dL (2.9 mmol/L). When confirmatory plasma glucose 
of <50 mg/dL (2.9 mmol/L) was obtained at least 5 min 
after the initial reading, then the participant received a 
SC injection of the assigned study drug to the upper arm, 
leg, or abdomen. Injection site was determined through 
randomization assignment via electronic data capture 
for each participant and remained fixed between treat-
ment visits. Plasma glucose levels were monitored for a 
minimum of 90 min post dosing. Participants completed 
a questionnaire about symptoms of hypoglycemia during 
the hypoglycemia induction phase and at 45 min after 
treatment. All readings for plasma glucose levels were 
based on the average of two blood samples taken at each 
time point. After completion of both treatment visits, a 
follow-up visit was conducted 3–14 days later.

In XSGP-301, plasma PK glucagon levels were 
measured at treatment visits 1 and 2 with venous blood 
samples obtained at −5 and 0 min (±2 min) and at 10, 
20, 30, 45, 60, 90, 120, 180, and 240 min (±5 min) post 
dose. Plasma PK glucagon levels were not measured in 
XSGP-303. Venous plasma PD glucose was measured via 
a rapid glucose analyzer (YSI 2900/2100, Yellow Springs 

Instruments, Yellow Springs, Ohio, USA) and continuous 
glucose monitor (Dexcom G4, XSGP-303 only) before 
and during insulin-induced hypoglycemia clamp proce-
dure, and at −5, 0, and every 5 min post dose through 
90 min (±2 min) in both studies. Additional PD measure-
ments were measured at 120, 150, and 180 min (±5 min) 
post dose for XSGP-303.

Participants completed a hypoglycemia symptom ques-
tionnaire and injection site discomfort scales, and Draize 
scales13 for erythema/edema were completed by investi-
gators during and after each treatment visit. Symptoms of 
hypoglycemia were captured using a questionnaire that 
measured severity of symptoms, defined as neuroglyco-
penic symptoms (dizziness, blurred vision, difficulty in 
thinking, and faintness), autonomic symptoms (sweating, 
tremor, palpitations, and feelings of nervousness) and 
an overall assessment of hypoglycemia (yes/no – ‘Do 
you currently feel hypoglycemic?’). For XSGP-303 only, 
participants also completed the Gold Scale for Hypogly-
cemia Awareness14 at the time of screening.

Drug preparation time was only evaluated in XSGP-303. 
Total preparation time was defined as the time required 
to inject the assigned glucagon preparation into the 
injection site from a decision to treat and was compared 
between the two treatment groups. Measurements were 
defined as the time between decision to dose by the 
investigator and time of end of injection (ie, receiving 
glucagon), and time needed by the study personnel to 
physically prepare/reconstitute the drug and complete 
the injection of the study drug.

Statistical methodology
For both studies, sample size calculation was based on an 
acceptance criterion for the sample mean of the treat-
ment minus control group failure scores. XSGP-301 had 
a total of 80 participants and XSGP-303 had 81 partic-
ipants. Monte Carlo simulations were performed using 
the acceptance criteria wherein XSGP-301 probabilities 
of GAI acceptance of over 90% if the population failure 
rate of GAI and control were equal, and the rate of 
missing observations was within 15%; and for XSGP-303 
probabilities of GAI acceptance of 88% if the population 
failure rate of GAI and control were within 2%, and the 
rate of missing observations was within 5%. Simulations 
were conducted using R software.15

The outcome for treatment success was defined 
as either a return of plasma glucose to  >70 mg/dL 
(3.9 mmol/L) or increase in plasma glucose ≥20 mg/
dL (1.1 mmol/L) from baseline glucose within 30 min 
of receiving glucagon. Treatment success was evaluated 
by a composite failure score defined by the event when 
plasma glucose of a participant remains ≤70 mg/dL 
(3.9 mmol/L) without a 20 mg/dL (1.1 mmol/L) increase 
from baseline throughout the 0 to 30 min period after 
receiving glucagon. A failure score of 1 corresponded to 
an observed failure. A failure score of 0 corresponded 
to successful plasma glucose recovery. A failure score of 
0.2 was assigned for instances of missing GAI treatment 

https://dx.doi.org/10.1136/bmjdrc-2021-002137
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outcomes, and 0.1 was assigned for instances of missing 
GEK treatment outcomes.

The intent-to-treat (ITT) population was all partici-
pants randomized to study drug and analyzed based on 
planned treatment sequence for each participant. The 
safety population was all randomized participants who 
received at least 1 dose of study drug. The per-protocol 
(PP) population was all participants who received at least 
1 dose of study drug (XSGP-303 required both treat-
ments be received for inclusion in this population) and 
completed the study without major protocol deviations. 
For XSGP-301, a modified intent-to-treat (mITT) popula-
tion was defined as all participants in the ITT population 
who received at least one dose of study drug. The mITT, 
PP, and safety populations were analyzed based on the 
actual treatment received by each participant.

The sample mean and SE of the difference in 
composite failure scores between GAI (treatment) and 
GEK (reference) from each participant was calculated. 
Non-inferiority was assessed based on a one-sided confi-
dence bound derived via Monte Carlo simulation with an 
α of 0.025, and a non-inferiority margin of 0.1 (∆=0.1). 
Missing data were imputed for the primary efficacy 
analysis and the PP population was used. Secondary 
outcomes were assessed descriptively and inferentially. 
Key secondary outcomes included time to first plasma 
glucose measurement >70 mg/dL, time to first reporting 
of ‘No’ hypoglycemia, time to minimum Hypoglycemia 
Questionnaire score, dose preparation time and key PD 
parameters: AUC, Cmax, and Tmax.

Inferential analysis of secondary endpoints was 
performed using a mixed model with treatment, period, 
and sequence as fixed factors and participant as the 
random repeated factor. The unstructured covariance 
matrix was chosen. If non-normality was observed and 
could not be corrected with a log transformation, a non-
parametric Kruskal-Wallis test was applied and conducted 
for each treatment period separately. For XSGP-301, time 
to minimum Hypoglycemia Questionnaire scores and 
hypoglycemia symptom relief was evaluated by comparing 
HRs of each treatment group using the log rank test. 
Statistical analyses were performed using SAS V.9.1.3 for 
Windows (SAS Institute, Cary, North Carolina, USA). 
Each study was individually analyzed and reported. An 
Integrated Summary of Safety and Integrated Summary 
of Efficacy were conducted for the regulatory package. 
For purposes of summarization, aggregate data are 
presented descriptively in the results tables.

RESULTS
XSGP-301 randomized 80 participants at seven sites in 
North America between March and August 2017, and 
78 (97.5%) completed the study (online supplemental 
figure 2). XSGP-303 randomized 81 participants at six sites 
in North America between January and April 2018, and 
75 (92.6%) completed the study (online supplemental 

figure 3). Baseline characteristics were similar between 
studies (table 1).

XSGP-301
In XSGP-301, mean plasma glucose at the time of 
glucagon administration was 44.8 mg/dL (2.5 mmol/L) 
and 45.2 mg/dL (2.5 mmol/L) for GAI and GEK, 
respectively. Seventy-six (97.4%) and 79 (100%) partic-
ipants achieved a plasma glucose value >70 mg/dL 
(3.9 mmol/L) or increase in plasma glucose ≥20 mg/dL 
(1.1 mmol/L) from baseline after administration of GAI 
and GEK, respectively. GAI satisfied the non-inferiority 
criterion to GEK based on analyses of failure scores for 
both the ITT and PP (online supplemental table 2). All 
participants exhibited a sustained elevation in plasma 
glucose levels >70 mg/dL (3.9 mmol/L) from 0 to 90 min 
post injection with both GAI and GEK, without need for 
an additional dose of glucagon or other medical inter-
vention (table  2). Mean hypoglycemia questionnaire 
scores (neuroglycopenic, autonomic, and total) were 
similar between GAI and GEK at all time points assessed 
post administration (online supplemental figure 4). As 
plasma glucose levels increased, mean hypoglycemia 
symptom scores among those with symptoms decreased 
for both GAI and GEK. Hypoglycemia symptoms began 
to resolve as early as 5 min and total symptom relief 
occurred within 30 min after study glucagon administra-
tion (figure  1). Resolution of hypoglycemia symptoms 
was similar between the groups, and in almost all cases, it 
preceded the return of documented euglycemia. Time to 
minimum autonomic, neuroglycopenic, and total hypo-
glycemia symptom scores were similar between GAI and 
GEK from 0 to 90 min post study drug injection (table 2).

The time to minimum hypoglycemia score was calcu-
lated for the autonomic and neuroglycopenic symptom 
subscales as the difference (in min) between the actual 
time when the minimum number of each of the two 
scores was observed and the injection time. Time from 
glucagon administration to global resolution of hypogly-
cemia symptoms, time to minimum hypoglycemia ques-
tionnaire score for the total score, and time to minimum 
autonomic and neuroglycopenic symptom scores was 
similar between treatment groups. Most participants 
with symptoms in both treatment groups exhibited 
symptomatic relief (ie, were no longer answering ‘Yes’ 
to the hypoglycemia feeling question) by 20–25 min post 
glucagon administration. Overall, no significant differ-
ences (p>0.05, log rank test) were noted between treat-
ments. GAI and GEK were comparable for hypoglycemia 
symptom relief (table 2, figure 1).

In general, participants in the GEK treatment 
group achieved plasma glucose recovery >70 mg/dL 
(3.9 mmol/L) earlier than participants in the GAI treat-
ment group (GEK: mean of 14.2 min (SD: 4.26), GAI: 
19.9 min (8.51)), from time of study drug administration 
(table  2). These differences were not clinically mean-
ingful, given that both the time course and extent of 
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relief of symptomatic hypoglycemia was similar for GAI 
compared with GEK.

In a subgroup analysis by ethnicity/race (African-
American, Hispanic white, non-Hispanic white, and 
Other), mean plasma glucagon concentrations for 
the first 12 participants in each GAI subgroup showed 
minimal differences (online supplemental figure 5). 
GAI demonstrated successful restoration of normal 
plasma glucose levels within 30 min of drug administra-
tion from a state of insulin-induced severe hypoglycemia 
and was comparable with GEK for plasma glucose Cmax, 
Tmax, area under the curve (AUC), and plasma glucose 
concentration-by-time curves, which showed little separa-
tion between treatments (online supplemental table 1).

XSGP-303
In XSGP-303, mean plasma glucose at time of glucagon 
administration was 47.7 mg/dL (2.6 mmol/L) and 
48.7 mg/dL (2.7 mmol/L) for GAI and GEK, respectively. 
Seventy-six (100%) and 79 (100%) participants achieved a 
plasma glucose value >70 mg/dL (3.9 mmol/L) or increase 
in plasma glucose ≥20 mg/dL (1.1 mmol/L) from baseline 
after administration of GAI and GEK, respectively. Thus, 
GAI satisfied the criterion for non-inferiority to GEK 
based on analyses of failure scores for both the ITT and PP 
(online supplemental table 2). All participants exhibited 
a sustained elevation in plasma glucose levels >70 mg/dL 
(3.9 mmol/L) from 0 to 90 min post injection with both GAI 
and GEK, without need for an additional dose of glucagon 

or other medical intervention. Similar to XSGP-301, GAI 
was therapeutically equivalent to GEK in clinically mean-
ingful effects and comparable in terms of PD endpoints: 
plasma glucose Cmax, Tmax, and AUC (online supplemental 
table 1). The mean time for plasma glucose recovery after 
administration of GAI was rapid, 12.5 min for a concentra-
tion >70 mg/dL (3.9 mmol/L), and 11.4 min for a 20 mg/
dL (1.1 mmol/L) increase from baseline. From injection, 
a post hoc analysis demonstrated that the median time to 
first 10 mg/dL (0.6 mmol/L) increase from hypoglycemic 
baseline with GAI was 7.2 min.

GAI and GEK were comparable for hypoglycemia 
symptom relief (table 2). Time from glucagon adminis-
tration to global resolution of hypoglycemia symptoms 
and time to minimum hypoglycemia questionnaire score 
for the total score as well as the autonomic and neuro-
glycopenic symptom scores were similar between groups 
(table  2 and online supplemental figure 4). Time to a 
plasma glucose concentration >70 mg/dL (3.9 mmol/L) 
was about 2.5 min faster from a decision to dose, and 
about 3.5 min faster from time of study drug injection, 
with GEK when compared with GAI. These differences 
had no impact on time to relief/resolution of hypogly-
cemia symptoms. For the overall assessment of hypogly-
cemia, the time to ‘experiencing no hypoglycemia’ based 
on decision to dose was significantly faster with GAI than 
with GEK (LS mean (SE) difference: −2.5 (1.04), 95% CI 
−4.21 to –0.75); p=0.02 (table 2).

Table 1  Baseline demographics by study and pooled overall – all randomized participants

Parameter Category/statistic XSGP-301 (n=80) XSGP-303 (n=81) Overall (n=161)

Age (years) n 80 81 161

Mean±SD 43.6±15.25 38.2±14.62 40.9±15.13

Range 18–74 18–72 18–74

Sex, n (%) Male 44 (55.0) 44 (54.3) 88 (54.7)

Female 36 (45.0) 37 (45.7) 73 (45.3)

Race, n (%) White 73 (91.3) 71 (87.7) 144 (89.4)

Black or African-American 4 (5.0) 0 4 (2.5)

Asian 1 (1.3) 6 (7.4) 7 (4.3)

American Indian or Alaska Native 0 0 0

Native Hawaiian or other Pacific Islander 0 0 0

Multiple 2 (2.5) 3 (3.7) 5 (3.1)

Other 0 1 (1.2) 1 (0.6)

Ethnicity Hispanic or Latino 6 (7.5) 6 (7.4) 12 (7.5)

Non-Hispanic or Latino 74 (92.5) 75 (92.6) 149 (92.5)

Baseline BMI (kg/m2) n 80 79 159

Mean±SD 28.01±6.206 26.28±3.836 27.15±5.222

Range 19.3–60.2 18.8–36.9 18.8–60.2

Duration of type 1 
diabetes (years)

n 78 63 141

Mean±SD 22.1±12.58 20.3±10.32 21.3±11.62

 �  Range 3–54 3–52 3–54

BMI, body mass index.

https://dx.doi.org/10.1136/bmjdrc-2021-002137
https://dx.doi.org/10.1136/bmjdrc-2021-002137
https://dx.doi.org/10.1136/bmjdrc-2021-002137
https://dx.doi.org/10.1136/bmjdrc-2021-002137
https://dx.doi.org/10.1136/bmjdrc-2021-002137
https://dx.doi.org/10.1136/bmjdrc-2021-002137


6 BMJ Open Diab Res Care 2021;9:e002137. doi:10.1136/bmjdrc-2021-002137

Emerging technologies, pharmacology and therapeutics

Overall efficacy
Across both studies, the proportion of participants who 
achieved treatment efficacy was 98.7% in the GAI group 
and 100% in the GEK group. Each study comparison 
between groups met the prespecified non-inferiority 
margin (failure score + one-sided confidence bound; 

0.075 for XSGP-301 and 0.022 for XSGP-303) (online 
supplemental table 2). Participants treated with GAI 
(99.4%) had a plasma glucose >70 mg/dL (3.9 mmol/L) 
or neuroglycopenic symptom relief within 30 min, which 
was comparable with GEK. From the time of glucagon 
administration, the median time to any increase in 

Table 2  Clinical outcomes by study and treatment

Outcome Statistic

XSGP-301* XSGP-303*

GAI 1 mg 
(n=78) GEK 1 mg (n=79)

GAI 1 mg 
(n=76) GEK 1 mg (n=78)

Participants having plasma glucose 
measurement >70 mg/dL (3.9 mmol/L) 
within 30 min after receiving glucagon

n (%) 74 (94.9)† 79 (100) 76 (100) 78 (100)

Participants having plasma glucose 
measurement increased 20 mg/dL 
(1.1 mmol/L) within 30 min after receiving 
glucagon

n (%) 76 (97.4)† 79 (100) 76 (100) 78 (100)

Participants having plasma glucose 
measurement >70 mg/dL (3.9 mmol/L) or 
neuroglycopenic symptom relief within 
30 min after receiving glucagon

n (%) 77 (98.7) 79 (100) 76 (100) 78 (100)

Time (min) to first plasma glucose 
measurement >70 mg/dL (3.9 mmol/L) 
after receiving glucagon‡

n 78 79 76 78

Mean±SD 19.86±8.508 14.23±4.258 12.17±3.604 8.58±2.026

P value  �  Period 1: 0.0001§
Period 2: 0.0004§

 �  Period 1:<0.0001§
Period 2:<0.0001§

Time (min) to first reporting of ‘no’ 
hypoglycemia after receiving glucagon‡

n 76 79 76 78

Mean±SD 16.8±10.68 15.7±8.30 11.6±6.45 13.1±7.86

P value  �  0.368  �  0.156

Time (min) to first reporting of ‘no’ 
hypoglycemia after decision to dose‡

n NR NR 76 78

Mean±SD  �   �  12.69±6.446 15.26±8.008

P value  �   �   �  0.020

Time (min) to minimum hypoglycemia 
questionnaire score after receiving 
glucagon – average autonomic score

n 77 79 76 78

Mean±SD 16.0±11.48 14.2±9.40 13.8±10.89 12.0±7.44

P value  �  0.241¶  �  0.060‡

Time (min) to minimum hypoglycemia 
questionnaire score after receiving 
glucagon – average neuroglycopenic 
score

n 77 79 76 78

Mean±SD 16.7±10.22 14.3±8.97 14.2±15.12 12.2±8.85

P value  �  0.107¶  �  0.183‡

Time (min) to minimum hypoglycemia 
questionnaire score after receiving 
glucagon – average total score

n 77 79 76 78

Mean±SD 19.8±11.69 17.0±8.85 18.6±19.51 14.5±8.39

P value  �  0.055¶  �  0.048‡

Dose preparation time (s)‡ n NR NR 76 78

 �  Mean±SD  �   �  27.3±19.66 97.2±45.06

 �  P value  �   �   �  Period 1:<0.0001§
Period 2:<0.0001§

*Analysis is conducted for all randomized participants based on actual treatment received. XSGP-301 statistics are based on modified 
intent-to-treat population. XSGP-303 statistics are based on intent-to-treat population.
†Participants successfully recovered from induced hypoglycemia without other rescue therapy after the 30 min cut-off.
‡Mixed model was applied to compare difference in treatment groups accounting for period and sequence as covariates.
§Non-normality was observed, and log transformation did not resolve. A non-parametric Kruskal-Wallis test was applied excluding other 
covariates and conducted for each of the treatment periods separately.
¶HR of the two treatment groups was compared using the log-rank test.
GAI, glucagon autoinjector; GEK, glucagon emergency kit; NR, not reported.

https://dx.doi.org/10.1136/bmjdrc-2021-002137
https://dx.doi.org/10.1136/bmjdrc-2021-002137
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plasma glucose with GAI was 102 s, and the mean time 
to achieve plasma glucose >70 mg/dL (3.9 mmol/L) or 
increase in plasma glucose ≥20 mg/dL (1.1 mmol/L) 
was 13.8±5.6 min for GAI and 10.0±3.6 min for GEK. This 
mean time does not account for time savings from the 
decision to dose, where there was a statistically signifi-
cantly shorter drug preparation and administration 

time for GAI (27.3±19.7 s) versus GEK (97.2±45.1 s) 
((p<0.0001) (table 2) by trained healthcare providers.

Overall safety and tolerability
GAI and GEK were generally safe and well tolerated 
(table  3). The majority of treatment-emergent adverse 
events (TEAEs) were self-limited and completely resolved 
by the end of the study. The most common treatment-
related AEs were nausea (29.9% and 22.9%), vomiting 
(16.2% and 9.6%), and headache (3.2% each) for GAI 
and GEK, respectively. Injection site pain was reported by 
two participants with GAI and one participant with GEK. 
No other TEAEs occurred in more than one participant. 
With GAI, all TEAEs were mild or moderate, with no 
reported serious AEs. One participant in the GEK group 
experienced a serious and severe AE of hypoglycemia 
that was judged unrelated to study treatment. No partic-
ipants discontinued due to an AE, and no deaths were 
reported. No significant safety findings were reported. 
There were no remarkable differences in the incidence 
and severity of TEAEs between GAI-treated and GEK-
treated participants.

DISCUSSION
Previous clinical studies with GAI demonstrated a PK 
profile for liquid stable glucagon that was conducive for 
treating severe hypoglycemia.16–18 Human factors studies 
with GAI and glucagon prefilled syringe established that 
99% of users successfully and promptly delivered a full 

Figure 1  XSGP-303 – ITT population. (A) Number of 
participants with an average neuroglycopenic score >1 by 
nominal time from injection and treatment group; (B) mean 
neuroglycopenic symptom score and mean plasma glucose 
(mg/dL) by nominal time from injection and treatment group; 
and (C) mean hypoglycemia symptom score and mean 
plasma glucose (mg/dL) by nominal time from injection and 
treatment group. GAI, glucagon autoinjector; GEK, glucagon 
emergency kit; ITT, intent-to-treat.

Table 3  Summary of treatment emergent adverse events 
occurring in at least two participants by treatment group – 
safety population

Category

Number of participants: n (%)

GAI (N=154) GEK (N=157)

Any treatment emergent 
adverse events

71 (46.1) 52 (33.1)

Preferred term:

Diarrhea 2 (1.3) 1 (0.6)

Nausea 46 (29.9) 36 (22.9)

Vomiting 25 (16.2) 15 (9.6)

Injection site pain 2 (1.3) 1 (0.6)

Upper respiratory tract 
infection

2 (1.3) 0

Dizziness* 2 (1.3) 1 (0.6)

Headache 8 (5.2) 6 (3.8)

Results presented have been pooled from both XSGP-301 and 
XSGP-303 and are presented by treatment.
Only preferred terms that resulted in two or more participants 
experiencing the event within the same treatment are included in 
this table.
Adverse events were coded using Medical Coding Dictionary for 
Regulatory Activities (MedDRA), V.20.0.
*Dizziness is coded under the system organ class ‘nervous system 
disorders’.
GAI, glucagon autoinjector; GEK, glucagon emergency kit.
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dose glucagon within a simulated emergency setting.8 12 
The results from our studies demonstrate the efficacy 
and tolerability of GAI for treating severe hypoglycemia 
in patients with type 1 diabetes. GAI was non-inferior 
to GEK, achieved successful plasma glucose recovery 
within 30 min, and was well tolerated with an incidence 
of nausea and vomiting comparable to GEK. All partic-
ipants achieved successful rescue of hypoglycemia with 
a sustained return of normal plasma glucose levels and 
complete resolution of hypoglycemia symptoms using a 
single dose.

The prompt relief of neurologic symptoms is critical in 
the rescue of severe hypoglycemic emergencies because 
of the known risk of serious neurological complications.19 
GAI achieved autonomic, neuroglycopenic, and total 
symptom relief during an episode of insulin-induced 
severe hypoglycemia. Resolution of hypoglycemia symp-
toms was similar between GAI and GEK groups. Time to 
resolution of autonomic and neuroglycopenic hypogly-
cemia symptoms did not differ significantly between GAI 
and GEK from either decision to dose or from time of 
administration of glucagon. In almost all cases, resolu-
tion of clinical symptoms preceded the return of docu-
mented euglycemia. Average hypoglycemia symptom 
scores were similar between GAI and GEK from 0 to 
90 min post injection. Median time to a first response 
of ‘No’ to the question ‘Do you currently feel hypogly-
cemic?’ and median time to resolution of the aggregate 
hypoglycemia symptom scores were comparable for GAI 
and GEK. Average time to resolution of the global feeling 
of hypoglycemia did not differ significantly between GAI 
and GEK. Time to a first ‘No’ for the global question ‘Do 
you currently feel hypoglycemic?’ (ie, resolution of the 
global sensation of hypoglycemia) was significantly faster 
(2.5 min) for GAI compared with GEK from a decision to 
dose. Thus, any differences between GAI and GEK with 
respect to plasma PD glucose parameters, including mean 
time to plasma glucose >70 mg/dL (3.9 mmol/L), had no 
effect on resolution of symptoms. This is an important 
consideration, where restoration of neurologic function 
and oral intake is critical to further medically manage 
severe hypoglycemia.

GAI required significantly less preparation time than 
GEK. This finding has important ramifications during 
real-world use of the product by caregivers of PWD who 
would likely need even more time to prepare GEK than 
trained healthcare providers in these studies. Addition-
ally, the manual reconstitution of powder glucagon and 
dose preparation in GEK is error prone, where less than 
13% of caregivers can successfully prepare and admin-
ister a full dose of drug.5 Human factors studies with 
GAI demonstrated that 99% of users—adolescent and 
adult, trained and untrained—successfully prepared 
and promptly administered a full dose of glucagon on 
first attempt in a simulated emergency setting.8 The 
high functional efficacy (ability to successfully and 
promptly deliver a full dose of drug) in combination 
with significantly faster preparation time with GAI may 

be advantageous for PWD and caregivers when used in 
real-world emergency settings.

All TEAEs observed with GAI were mild or moderate in 
severity and typical of TEAEs reported from other studies 
of glucagon products for treating severe hypoglycemia. 
Nausea and vomiting were most common.20–22 No related 
serious AEs, deaths, or discontinuations for AEs were 
reported with GAI in these studies.

A potential limitation of these studies was that XSGP-
303 was single blind; however, owing to the objective 
nature of clinical and PD assessments, this was unlikely to 
have an impact on plasma glucose PD, AEs, and overall 
findings. XSGP-301 was double blind, and the find-
ings were consistent between each study. Both studies 
used insulin-induced hypoglycemia clamp procedures 
to elicit level 2 hypoglycemia, in order to evaluate the 
efficacy of GAI, rather than actual episodes of hypogly-
cemia in those with type 1 diabetes. However, it would be 
unethical to elicit level 3 hypoglycemia and treat actual 
episodes of severe hypoglycemia because of the risk of 
serious consequences and the unpredictability of assess-
ments in a rapidly evolving clinical emergency. The use 
of a crossover design, evaluation of objective endpoints, 
and the hypoglycemia questionnaire showed consistent 
findings both within and between studies.

The results of these two clinical studies demonstrate 
that ready-to-use GAI is a viable alternative to GEK and 
that GAI provides PWD and caregivers a ready-to-use 
delivery method that supports the prompt and reliable 
administration of a full dose of glucagon for emergency 
treatment of severe hypoglycemia.
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