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ABSTRACT

Introduction: Ready-to-use glucagon represents
a significant advancement in the management
of severe hypoglycemia for people with diabetes
and their caregivers. This indirect treatment
comparison (ITC) evaluated the efficacy and
safety differences among the three ready-to-use

glucagon treatments, Baqsimi� (nasal gluca-
gon), Gvoke� (glucagon injection) and Zega-
logue� (dasiglucagon injection), in adults and
children with type 1 diabetes (T1D) or type 2
diabetes (T2D).
Methods: A systematic literature review was
conducted to identify randomized clinical trials
assessing the efficacy and safety of Baqsimi,
Gvoke or Zegalogue versus reconstituted,
injectable glucagon (IG) in reversing insulin-
induced hypoglycemia. Bayesian fixed-effect
network meta-analysis was used to perform the
ITC. Study endpoints included proportion of
participants achieving treatment success, max-
imum blood glucose achieved, time to achieve
treatment success and maximum blood glucose
and treatment-emergent adverse events (TEAE).
Results: Ten clinical trials were included in the
ITC (four for Baqsimi, three for Gvoke, and
three for Zegalogue). All three treatments
achieved high proportions of treatment success
([98%). In adults, the efficacy results from
combined T1D and T2D analysis were consis-
tent with the T1D analysis, except statistically
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significantly faster in achieving treatment suc-
cess for Baqsimi vs Gvoke in the combined
analysis (13.96 vs 14.66 min). The mean maxi-
mum blood glucose values were also statistically
significantly lower for Baqsimi (168 mg/dl) vs
Gvoke (220 mg/dl) and Zegalogue (190 mg/dl).
There was a trend towards a lower number of
adults experiencing C 1 TEAE with Baqsimi
compared to Gvoke or Zegalogue, but no sta-
tistical significance was reached.
Conclusion: Baqsimi, Gvoke and Zegalogue
had comparable high proportions of treatment
success in reversing insulin-induced hypo-
glycemia. Baqsimi achieved a lower mean
maximum blood glucose value, which may
have implications for the re-establishment of
euglycemia. These findings may help support
patients, caregivers and health care providers in
their decision-making process when discussing
various ready-to-use glucagon treatment
options.

Keywords: Baqsimi�; Gvoke�; Hypoglycemia;
Indirect treatment comparison; Ready-to-use
glucagon; Type 1 diabetes; Type 2 diabetes;
Zegalogue�

Key Summary Points

Why carry out this study?

Ready-to-use glucagon represents a
significant advancement in the
management of severe hypoglycemia and
has emerged as an alternative to the
conventional injectable glucagon (IG) kit
requiring reconstitution

No head-to-head trials have been
conducted to compare the efficacy and
safety of three ready-to-use glucagons for
the treatment of severe hypoglycemia

This study aimed to compare the efficacy
and safety of Baqsimi� (nasal glucagon),
Gvoke� (glucagon injection) and
Zegalogue� (dasiglucagon injection)
versus conventional, reconstituted IG in
reversing insulin-induced hypoglycemia
using an indirect treatment comparison
methodology

What was learned from the study?

In the absence of a head-to-head trial, this
study enabled comparison of efficacy and
safety of the three ready-to-use glucagon
treatments, Baqsimi, Gvoke and
Zegalogue, in which all three treatments
demonstrated comparable high
proportions of patients achieving
treatment success and no significant
differences in the incidence of TEAEs

Current treatment guidelines recommend
avoiding overtreatment of hypoglycemia
to prevent rebound hyperglycemia. In this
study, Baqsimi demonstrated a
statistically significantly lower maximum
blood glucose level compared to Gvoke
and Zegalogue in adults, which may have
implications for the re-establishment of
euglycemia

These findings may help support
discussions among patients, caregivers
and healthcare providers as they consider
various ready-to-use glucagon treatment
options

INTRODUCTION

Severe hypoglycemia, a low blood glucose event
characterized by altered mental or physical sta-
tus requiring assistance for recovery, is a barrier
to glycemic control, places a substantial burden
on patients and caregivers and is a barrier to
management for health care professionals. Sev-
ere hypoglycemia is common in clinical prac-
tice [1–3] and is associated with poorer
outcomes, including mortality, cardiovascular
disease and cognitive dysfunction [4–6]. Prompt
administration of rescue therapy is necessary to
prevent further cognitive impairment.

Prior to ready-to-use glucagon options
becoming available, glucose ingestion and
conventional, reconstituted injectable glucagon
(IG) were the only options for the treatment of
severe hypoglycemia. However, IG administra-
tion is prone to error and difficult for non-
health care professionals to use successfully
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[7, 8]. Additionally, parents of children with
type 1 diabetes (T1D) have anxiety and fear
around glucagon administration [9]. Overall,
reconstituted IG is underutilized in people with
diabetes with only 1.2% of patients with type 1
or type 2 diabetes (T2D) having filled a pre-
scription for reconstituted IG in 2014 based on
claims data [10]. Furthermore, even experienc-
ing a severe hypoglycemic event in the previous
year only resulted in 3.5% and 8.1% of glucagon
prescriptions being filled for patients with T1D
or T2D, respectively [10].

Given the challenges and hesitancy around
reconstituted IG use [7], there has been renewed
interest in simpler glucagon options. Three
ready-to-use glucagon treatment options that
do not require reconstitution have recently
become available: Baqsimi� [11] (Eli Lilly and
Company), Gvoke� [12] (Xeris Pharmaceuticals)
and Zegalogue� [13] (Novo Nordisk). Baqsimi is
a nasally administered glucagon powder, Gvoke
(glucagon injection) is available as a prefilled
syringe or an autoinjector, and Zegalogue is a
dasiglucagon (glucagon analogue) injection
available as an autoinjector.

These ready-to-use glucagon options are
important advancements in treatment of severe
hypoglycemia for patients and their caregivers.
However, no head-to-head studies comparing
these next-generation treatments have been
conducted. In the absence of any head-to-head
comparisons, indirect methods can be used to
evaluate interventions.

The aim of this study was to compare the
efficacy and safety of the three newly devel-
oped, ready-to-use glucagon treatment options
in reversing hypoglycemia in adults and chil-
dren with T1D or T2D. Ultimately, this study
may help inform the decision-making process
between patients and their health care providers
regarding glucagon treatment options.

METHODS

Study Design

This was an indirect treatment comparison
(ITC) of clinical trials comparing the efficacy
and safety of Baqsimi (nasal glucagon), Gvoke

(glucagon injection) or Zegalogue (dasiglucagon
injection) versus conventional reconstituted IG
in patients with T1D or T2D. A systematic lit-
erature review was conducted between Novem-
ber 29, 2021, and December 10, 2021. The
studies identified in the systematic literature
search were included in an indirect treatment
comparison analysis. The study was registered at
PROSPERO (CRD42022298569).

Systematic Literature Review

The systematic literature review was conducted
using Embase, PubMed, clinicaltrials.gov and
EudraCT. The search terms for the literature
review are provided in Fig. 1. Any identified
duplicate studies were removed from the search
results. Two independent reviewers reviewed
the titles and abstracts using the pre-defined
inclusion and exclusion criteria provided below.
Discrepancies were resolved by consensus or a
third reviewer. For studies that met the inclu-
sion criteria based on the abstract review, the
full article was then reviewed for final inclusion
and data extraction in the analysis.

Study Inclusion

Eligible studies were randomized controlled
trials in people with diabetes experiencing
hypoglycemia. Study participants were adults
(C 18 years) or children (\18 years) with T1D
or T2D. Eligible studies compared Baqsimi,
Gvoke or Zegalogue to reconstituted conven-
tional IG and were published between January
1, 2000, and October 31, 2021, with an abstract
written in English.

Studies were excluded if the participants did
not have T1D or T2D, the examined glucagon
doses were considered ‘micro,’ ‘mini’ or ‘low’ or
only a placebo comparator was included.

Indirect Treatment Comparison Analysis

Eligible studies identified from the systematic
literature search had data extracted by an
independent reviewer. Due to differences in the
methodology of the identified studies and to
balance the adult populations between trials,
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only participants whose nadir blood glucose
was B 54 mg/dl were included in the analysis.
No studies of children with T2D were identified.
Therefore, three cohorts were analyzed: (1)
adults with T1D, (2) adults with T1D or T2D
(pooled) and (3) children with T1D.

Outcome Measures

The outcomes evaluated in this analysis were (1)
proportion of participants achieving treatment
success, (2) time to achieve treatment success,

(3) incidence of treatment-emergent adverse
events (TEAEs), (4) maximum blood glucose
level and (5) time to reach maximum blood
glucose level.

Treatment success was defined as an increase
in blood glucose to C 70 mg/dl or an increase
of C 20 mg/dl from nadir blood glucose within
30 min after glucagon administration. TEAEs
were analyzed among patients experiencing at
least one TEAE and patients experiencing
headache, nausea and vomiting separately.

Fig. 1 Search terms for literature review
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Statistical Analysis

Treatment comparisons were conducted among
the three glucagon options (Baqsimi versus
Gvoke, Baqsimi versus Zegalogue and Gvoke
versus Zegalogue). Wald’s method was
employed to analyze the difference in the pro-
portion of treatment success at a significance
level a of 5%, and the corresponding p value was
used to assess the statistical significance of the
observed difference. For the indirect treatment
comparison, a Bayesian fixed-effect network
meta-analysis was conducted for the analysis of
maximum blood glucose, time to treatment
success, time to maximum blood glucose and
TEAEs, and inferences were drawn from the 95%
credible intervals, which encompass zero (for
differences) or one (for ratios).

RESULTS

Systematic Literature Review Results

Ten trials were eligible and included in the
indirect treatment analysis, including four for
Baqsimi [14–17], three for Gvoke [18, 19] and
three for Zegalogue [20–22] (Fig. 2). The vari-
ables explored in the ITC were not reported for
every study; the availability of data for each
glucagon option is shown in Table 1. Two
studies, one Baqsimi and one Zegalogue study,
were conducted in children with T1D, but no
eligible studies of Gvoke were conducted in
children with T1D. Baqsimi was the only ready-
to-use glucagon treatment option that had data
available from the T2D population. No head-to-
head studies comparing these glucagon options
were identified.

Efficacy Results

The reported data from eligible studies suggest
that the rate of treatment success was[98% for
all three treatment options in all cohorts ana-
lyzed. Summary data for adults with T1D or T2D
are shown in Figure S1. Using the indirect
treatment comparison, no difference in the

proportion of adults or children with diabetes
achieving treatment success was observed in
any cohort when adjusting for reconstituted IG
(Table 2).

The time to treatment success was reported
using mean values for Baqsimi and Gvoke trials
and using median values for Zegalogue studies.
Therefore, the difference in mean time to
treatment success could only be compared
between Baqsimi and Gvoke; analyses including
Zegalogue could not be conducted because of
these reporting differences. In the pooled pop-
ulation of adults with T1D or T2D, Baqsimi
(13.96 min) had a significantly shorter mean
time to achieve treatment success compared
with Gvoke (14.66 min). The treatment differ-
ence was 1.45 min (95% credible interval [0.24,
2.68]) when adjusting for reconstituted IG
(Table 2). In adults with T1D, Baqsimi also
demonstrated a shorter time to achieve treat-
ment success compared to Gvoke; however, the
analysis did not reach statistical significance
(treatment difference: 1.04 min, 95% credible
interval [- 0.24, 2.34]).

Safety Results

Table 3 presents the summary of TEAEs from
Baqsimi, Gvoke and Zegalogue. In adults with
T1D, there was a trend towards a lower number
of patients experiencing at least one TEAE with
Baqsimi compared to Gvoke. However, no sta-
tistically significant differences were observed
for any cohort (Gvoke vs Baqsimi: odds ratio,
1.40, 95% credible interval, [0.70, 2.52]); Zega-
logue vs Baqsimi: 1.37, [0.42, 3.35]) when
adjusting for reconstituted IG. Similarly, no
statistically significant differences were
observed when analyzing the incidence of
nausea, vomiting or headache separately. Simi-
lar results were shown in adults with T1D or
T2D. In children with T1D, there was also a
trend towards a decreased number of patients
experiencing at least one TEAE with Baqsimi
compared to Zegalogue. No statistically signifi-
cant differences were observed (Zegalogue vs
Baqsimi: 1.43, [0.01, 8.02]). Due to the small
sample size in the Zegalogue pediatric trial, the
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odds ratios for nausea, vomiting or headache,
separately, are unstable with a wide credible
interval. Therefore, no conclusions could be
drawn from these data.

Pharmacodynamic Results

The mean maximum blood glucose values for
the ready-to-use glucagon options and IG in
adults T1D or T2D are shown in Figure S2.
When adjusting for IG in the ITC, Baqsimi

Fig. 2 Search Results. aIncluded Baqsimi studies:
NCT01994746, NCT03339453, NCT03421379,
NCT01997411. bIncluded Gvoke studies:

NCT03738865, NCT03439072, NCT02656069. cIn-
cluded Zegalogue studies: NCT03378635,
NCT03667053, NCT02660008

Table 1 Key endpoint data availability for evaluated glucagon options

Proportion of
treatment success

Mean time to
treatment success

Treatment-emergent
adverse events

Maximum
blood glucose

Mean time to
maximum blood
glucose

Baqsimi

Adults x x x x x

Children x x x

Gvoke

Adults x x x x x

Children

Zegalogue

Adults x x x

Children x x
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reached a significantly lower mean maximum
blood glucose level compared to Gvoke (treat-
ment difference: 17.32 mg/dl, 95% credible
interval [3.94, 30.97]) or compared to Zegalogue
(31.76 mg/dl [8.97, 55.60]) in adults with T1D
or T2D (Table 4). Similar results were demon-
strated for adults with T1D. No difference in the
maximum blood glucose values between Zega-
logue and Gvoke in adults with T1D was
observed. The study conducted with Zegalogue
in children with T1D did not report mean
maximum blood glucose values.

The time to mean maximum blood glucose
values in adults with T1D or T2D are shown in
Figure S3. This analysis could not be conducted
for Zegalogue versus Baqsimi or versus Gvoke
because of the reporting differences (mean ver-
sus median) for the time endpoints. Baqsimi
had a significantly shorter time to maximum
blood glucose level than Gvoke in adults with
T1D and in the pooled population of adults
with T1D or T2D (Table 4). The treatment dif-
ferences were 18.46 min (95% credible interval,
[9.38, 27.79]) and 19.69 min, [10.72, 28.85],
respectively.

DISCUSSION

To our knowledge, this ITC is the first analysis
comparing the next-generation ready-to-use
glucagon treatments: Baqsimi, Gvoke and
Zegalogue. In the absence of a head-to-head
trial, this study enabled comparison of efficacy
and safety of the glucagon treatments, Baqsimi,
Gvoke and Zegalogue, and demonstrated simi-
lar efficacy in the treatment of severe hypo-
glycemia; all three ready-to-use glucagon
treatments had success rates[98% and no sig-
nificant differences in the incidence of TEAEs.
However, Baqsimi did achieve a statistically
significantly lower maximum blood glucose
level compared to both of the other two gluca-
gon treatments. Additionally, in the pooled
analysis, Baqsimi demonstrated a shorter time
to achieve treatment success compared to
Gvoke.

Current clinical treatment guidelines rec-
ommend avoiding overtreatment of hypo-
glycemia to prevent rebound hyperglycemia,

which has the potential to impact cognitive
function [23]. Therefore, an effective glucagon
rescue treatment must rapidly raise the blood
glucose level of a person experiencing severe
hypoglycemia to an euglycemic level without
resulting in sustained rebound hyperglycemia.
A recent analysis of the clinical trial data com-
paring Baqsimi to reconstituted IG showed that
the proportion of participants who experienced
hyperglycemia (blood glucose value C 180 mg/
dl) after receiving Baqsimi was lower than in
those who received IG in response to insulin-
induced hypoglycemia [24, 25]. These data
indicate that Baqsimi successfully treated the
hypoglycemia without resulting in rebound
hyperglycemia. Potentially, a lower maximum
blood glucose level in response to glucagon
treatment may contribute to a lower risk of
rebound hyperglycemia and contribute to the
safe re-establishment of euglycemia. Addition-
ally, the individual clinical trials included in
this ITC did not indicate any rebound hypo-
glycemia in patients with T1D or T2D.

In addition to the risk of rebound hyper-
glycemia and hypoglycemia and the time to
treatment success, the time required to admin-
ister glucagon can play an important role in the
overall success of glucagon treatment. Severe
hypoglycemia is a life-threatening condition
and needs to be treated as quickly and effec-
tively as possible. In previous simulated use
studies, the time to administer each ready-to-
use glucagon treatment option was shorter
when compared to reconstituted IG individu-
ally. Specifically, trained users successfully
administered Baqsimi in a mean time of 47.3 s,
while IG was successfully administered in 81.8 s
[8]. Similarly, Gvoke autoinjector was adminis-
tered in 47.9 s compared to IG in 109 s [26].
Finally, time to administer Zegalogue was 75 s
versus 133 s for IG [27].

The efficacy and safety of the available glu-
cagon options are essential factors for patients
and healthcare providers to consider when
making therapy decisions. To our knowledge,
there are no studies directly comparing the
preferences of patients for these ready-to-use
glucagon options. A previous discrete choice
experiment study conducted in Spain compared
the attributes associated with Baqsimi to those
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associated with IG [28]. The results indicated
that patients prefer a glucagon treatment with
higher success rates, wider storage temperatures
and a nasal delivery method when the efficacy
of both treatments is similar [28]. However, the
differences in availability and cost of these
therapies between geographies and insurance
programs must also be considered when making
treatment decisions.

This study did have some limitations. First,
the trials were not all designed or reported in a
consistent manner. Therefore, not all variables,
namely time variables, could be compared
between all groups. Second, the total number of
trials that met the inclusion criteria for this
analysis was small. Also, the sample of adults
with T2D was small and came from one Baqsimi
trial. In fact, Baqsimi is the only glucagon
option to include T2D in the identified trials.
Third, baseline glucose values were not inclu-
ded in this analysis as not all included trials
reported this parameter. However, the included
trials did target at a baseline glucose value
of\ 55 mg/dl, and therefore it was reasonable
to assume similar baseline glucose values
between glucagon options. Finally, the analysis
was not a direct comparison, and the results
must be interpreted with caution.

While no head-to-head studies have been
conducted, the use of an indirect treatment
comparison technique provided a robust com-
parison between medications while adjusting
for reconstituted IG. The consistent results
demonstrated in this study for the adults with
T1D and the pooled T1D and T2D diabetes
population strengthened the confidence in the
analysis. Moreover, the extensive literature
search that was completed ensured the inclu-
sion of all eligible studies. Specifically, includ-
ing studies of adults with T1D or T2D and
children with T1D from a global population
allowed the generalization of the results for a
broad population. Although the analysis was
based on clinical trials conducted up to 2021, it
remains current as no subsequent eligible stud-
ies meeting the inclusion criteria have been
conducted after the study period, ensuring the
validity and relevance of the findings within the
current research landscape.

CONCLUSIONS

All the currently available ready-to-use gluca-
gon treatments represent an important
advancement in the treatment of severe hypo-
glycemia. This study demonstrated that Baq-
simi, Gvoke and Zegalogue had comparable
efficacy, but Baqsimi achieved a lower maxi-
mum blood glucose level and achieved treat-
ment success in a shorter time. A glucagon
rescue treatment that achieves treatment suc-
cess quickly, does not put the patient at
increased risk of rebound hyperglycemia and
demonstrates an acceptable safety profile is
important for patients and health care provi-
ders. These findings can support patients, care-
givers and health care providers in their
decision-making process for the treatment of
severe hypoglycemia.
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M, Enters-Weijnen C, Forsén T, et al. Rates and
predictors of hypoglycaemia in 27 585 people from
24 countries with insulin-treated type 1 and type 2
diabetes: the global HAT study. Diabetes Obes
Metab. 2016;18(9):907–15. https://doi.org/10.1111/
dom.12689.

2. Snoek FJ, Spaepen E, Nambu BA, Child CJ, Bajpai S,
Balantac Z, et al. Conversations and reactions
around severe hypoglycemia (CRASH) study: results
from people with diabetes and caregivers in the
United States. Clin Diabetes. 2022;40(4):477–88.
https://doi.org/10.2337/cd21-0131.

3. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR,
Brown FM, Bruemmer D, et al. 6. Glycemic targets:
standards of care in diabetes—2023. Diabetes Care.
2022;46(Supplement_1):S97–110. https://doi.org/
10.2337/dc23-S006.

4. Yun JS, Ko SH. Risk factors and adverse outcomes of
severe hypoglycemia in type 2 diabetes mellitus.
Diabetes Metab J. 2016;40(6):423–32. https://doi.
org/10.4093/dmj.2016.40.6.423.

5. Lacy ME, Gilsanz P, Eng C, Beeri MS, Karter AJ,
Whitmer RA. Severe hypoglycemia and cognitive
function in older adults with type 1 diabetes: the
study of longevity in diabetes (SOLID). Diabetes
Care. 2020;43(3):541–8. https://doi.org/10.2337/
dc19-0906.

6. McCoy RG, Van Houten HK, Ziegenfuss JY, Shah
ND, Wermers RA, Smith SA. Increased mortality of
patients with diabetes reporting severe hypo-
glycemia. Diabetes Care. 2012;35(9):1897–901.
https://doi.org/10.2337/dc11-2054.

7. Yale JF, Dulude H, Egeth M, Piché CA, Lafontaine
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