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Aim: To characterize the pharmacokinetic and pharmacodynamic properties of dasiglucagon, a

novel, stable and liquid formulated glucagon analogue, during hypoglycaemic and euglycaemic

conditions in adult patients with type 1 diabetes mellitus.

Research Design and Methods: In this randomized double-blind trial, 17 patients received four

single subcutaneous doses (0.03, 0.08, 0.2 and 0.6 mg) of dasiglucagon (4 mg/mL formulation)

under euglycaemic (plasma glucose [PG] 5.6 mmol/L [100 mg/dL]) or hypoglycaemic

(PG 3.1-3.7 mmol/L [56-66 mg/dL]) conditions. For comparison, three doses (0.03, 0.08 and

0.2 mg) of a commercial glucagon formulation (Eli Lilly) were investigated at euglycaemia.

Results: Dasiglucagon led to a dose-dependent and rapid increase in PG levels across all doses

tested (mean increases 30 minutes post-dosing of 2.2 to 4.4 mmol/L [39-80 mg/dL] from eugly-

caemia and 1.3 to 5.2 mmol/L [24-94 mg/dL] from hypoglycaemia), which was higher than the

rises elicited by similar doses of commercial glucagon (1.7-3.9 mmol/L [30-71 mg/dL]). The

median time (range) to an increase in PG of >1.1 mmol/L (20 mg/dL) was <20 (18-19.5) minutes

with 0.03 mg dasiglucagon and, with higher doses, the median times ranged from 9 to

15 minutes (commercial glucagon 13-14 minutes). In hypoglycaemia, 0.03 and 0.08 mg dasiglu-

cagon re-established normoglycaemia (PG ≥3.9 mmol/L [70 mg/dL]) within median times of

14 and 10 minutes, respectively. Nausea and vomiting occurred more frequently with dasigluca-

gon than with commercial glucagon at identical doses which might be attributable to dasigluca-

gon's higher potency.

Conclusion: Dasiglucagon rapidly increased PG at doses of 0.03 to 0.6 mg in a dose-dependent

manner and, therefore, is a good candidate for use in dual-hormone artificial pancreas systems.
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1 | INTRODUCTION

Achieving tight glycaemic control without severe hypoglycaemia still

presents a complex challenge in insulin-treated diabetes.1 Closed-loop

artificial pancreas systems hold promise for reducing the burden of

diabetes self-management, but there is still potential for improvement

with regard to avoidance of both hypoglycaemia and hyperglycaemia.2

One option for further improvement might be dual-hormone artificial

pancreas (DHAP) systems which, in addition to insulin, use glucagon

to counteract the effect of excessive insulin.3 The administration of

mini-doses of glucagon in a DHAP system has been shown to be more

effective in preventing hypoglycaemia than the suspension of insulinDasiglucagon: Registered international non-proprietary name.
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delivery alone, particularly in situations of rapidly decreasing glucose

levels, such as late postprandial hypoglycaemia or physical activity.4–9

As currently available glucagon formulations show limited stability,

daily glucagon renewal is required, making the use of DHAP systems

cumbersome.10–12 Because of this practical limitation, mainly short-

term efficacy and safety have been demonstrated to date.13–18

Dasiglucagon is a novel, stable glucagon analogue in a ready-to-

use aqueous solution with in-use stability data for at least 7 days at

body temperature, making it a promising candidate for long-term use

in DHAP systems.

Dasiglucagon (1 mg/mL) was well tolerated and showed a dose-

dependent and rapid increase in plasma concentrations, with a similar

early, but longer-lasting and greater total plasma glucose (PG) increase

from hypoglycaemia compared to a commercially available glucagon

formulation. With these characteristics, dasiglucagon also has the

potential to become an effective and reliable rescue treatment for

severe hypoglycaemia in a ready-to-use formulation.19

In this recent trial we characterized the pharmacokinetic (PK) and

pharmacodynamic (PD) properties of a more highly concentrated for-

mulation of dasiglucagon (4 mg/mL) intended for use in DHAP sys-

tems, in both insulin-induced euglycaemia and hypoglycaemia in

patients with type 1 diabetes mellitus (T1DM). Dasiglucagon was used

over a wide range of small doses (0.03, 0.08, 0.2 mg) up to a full dose

of 0.6 mg, which showed similar effects to those of 1-mg doses of

existing glucagon formulations in the previous trial.19 For comparison,

freshly reconstituted commercially available glucagon (Eli Lilly,

Indianapolis, Indiana; hereafter referred to as “commercial glucagon”)

was used at the same small doses (0.03, 0.08, 0.2 mg) in euglycaemia

in order to draw on prior experience from DHAP systems using this

freshly reconstituted commercial glucagon.

2 | MATERIALS AND METHODS

2.1 | Trial design

This was a single-centre (Profil, Neuss, Germany), randomized, four-

period, crossover, double-blind phase II trial in patients with T1DM.

Each of the four dosing periods (visits 2-5) consisted of two consecu-

tive administration days, where two dosings were performed at eugly-

caemia on the first day (day 1) and one additional dosing at

hypoglycaemia on the second day (day 2). Patients received single

subcutaneous administrations of dasiglucagon (4 mg/mL, aqueous for-

mulation with preservatives [m-cresol]; Zealand Pharma A/S, Copen-

hagen, Denmark) and lyophilized commercial glucagon (1 mg/mL for

reconstitution; Eli Lilly) at doses of 0.03, 0.08 or 0.2 mg at euglycae-

mic conditions on day 1 (the two injections were separated by at least

5 hours). The order of the three lowest dose levels as well as the

order of the treatment sequence, dasiglucagon vs glucagon, were ran-

domized (of eight possible treatment sequences, six were randomly

chosen). The same dose level of dasiglucagon was administered under

hypoglycaemic conditions on day 2 in the morning. At the last dosing

period (visit 5), all patients received 0.6 mg dasiglucagon at euglycae-

mic baseline conditions on day 1 and at hypoglycaemia on day 2; thus,

each patient received 11 dosings during this trial (the dosing periods

design is shown in Figure S1, Supporting Information).

The trial was approved by the local ethics committee and

health authorities in accordance with the Declaration of Helsinki

and International Conference on Harmonization's guidelines on

Good Clinical Practice. Before any trial-related activities were initi-

ated, written informed consent was obtained from all participants.

The trial was registered at ClinicalTrials.gov (trial identifier:

NCT02916251).

2.2 | Participants

Adults eligible for inclusion were aged between ≥18 and ≤64 years,

diagnosed with T1DM20 and treated with a stable insulin regimen

using a continuous subcutaneous insulin infusion (CSII) pump for at

least 1 month prior to screening. Participants were required to have a

glycated haemoglobin (HbA1c) level ≤69.4 mmol/mol (8.5%) and body

weight between ≥60 and ≤90 kg. Patients were excluded if they had

clinically significant concomitant diseases or clinically significant

abnormal values in laboratory screening tests or were currently being

treated with any drugs which may have interfered with glucose

metabolism.

2.3 | Procedures

The trial consisted of a screening visit, the four dosing periods sep-

arated by 3 to 7 days of washout, and a follow-up visit. Patients

maintained their usual basal insulin infusion rate in their CSII pump

and attended the clinical site in a fasting state in the morning,

where their CSII pump infusion was stopped and a variable intrave-

nous soluble insulin infusion was started. PG levels were lowered to

a euglycaemic target level of 5.6 � 0.1 mmol/L (100 � 2 mg/dL).

Insulin infusion rates were different among individuals but were

kept constant for all dosing visits of each individual (Table S6, Sup-

porting Information). On day 1, the same run-in strategy was used

to re-establish euglycaemia before the second dosing. After comple-

tion of the second dosing procedure, the patient received a stan-

dardized carbohydrate-rich dinner and stayed at the site. On day

2, intravenous insulin was used to establish a hypoglycaemic PG

range of 3.1 to 3.7 mmol/L (56-66 mg/dL). The basal insulin infu-

sion rate was identical for all dosing visits of each individual at

hypoglycaemia (Table S6, Supporting Information). To maintain

double-blinding, the respective dose/volume was transferred from

the dasiglucagon or the commercial glucagon vial (reconstituted

solution) into disposable syringes by trained personnel not other-

wise involved in trial procedures. Both trial products were adminis-

tered by subcutaneous injection into a lifted skinfold of the

abdominal wall around the umbilicus.

The PK and PD effects of the study drugs were assessed over

240 minutes after each dosing, with frequent plasma sampling for the

determination of dasiglucagon/glucagon and PG concentrations.

Safety assessments included adverse events, hypoglycaemic epi-

sodes, local tolerability at the injection site, vital signs, laboratory

safety variables and antidrug antibody measurements (detailed

description in Text S1, Supporting Information).

602 HÖVELMANN ET AL.

http://clinicaltrials.gov


2.4 | Assessments

Plasma concentrations of dasiglucagon were determined with a vali-

dated assay using liquid chromatography with tandem mass spectrom-

etry. The lower limit of quantification was 10.0 pmol/L. Commercial

glucagon concentration was determined using a validated radioimmu-

noassay (Eurodiagnostica AB, Malmö, Sweden), performed on a 2470

Wizard Automatic Gamma Counter (Perkin Elmer, Waltham, MA,

USA) with a lower limit of quantification of 4.7 pmol/L.

An on-site laboratory glucose analyser (Super GL, Glucose Analyser;

Dr. Müller Gerätebau GmbH, Freital, Germany) was used to determine

PG levels and for calculation of PD endpoints. IgG- and IgM-

dasiglucagon and IgG- and IgM-glucagon antibodies were measured with

a validated ELISA (YBS, York, UK; assay sensitivity for anti-dasiglucagon

and anti-glucagon concentrations: 13600 and 11800 ng/L, respectively)

and a cell-based validated neutralizing antibody assay (BioAgilytix Labo-

ratories, Durham, NC, USA) was used for the detection of neutralizing

antibodies to dasiglucagon and commercial glucagon.

2.5 | Endpoints

To evaluate early PK and PD effects, the areas under the curve

(AUCs) in the first 30 minutes post-dosing were analysed for plasma

dasiglucagon and commercial glucagon concentrations (AUC0-30min)

and PG concentrations (area under the effect curve, AUE0-30min). Like-

wise, PG excursions at 30 minutes (CE3 0min) post-dose as well as time

to half maximum concentration effect (t50%CE, early) were analysed. Pri-

mary PK endpoints comprised the total (AUC0-240min) and maximum

(Cmax) plasma dasiglucagon and commercial glucagon concentrations,

as well as time to maximum concentration (tmax). To correct for endog-

enous glucagon concentrations, all commercial glucagon concentra-

tions were baseline-adjusted. Other PK measures were analysed using

total concentrations to infinity (AUC0-inf). Further analysis referred to

terminal elimination rate constant (λz) which allowed the determina-

tion of terminal plasma elimination half-life (t½), total body clearance,

volume of distribution, and mean residence time. Primary PD effects

were analysed using total PG area under the effect curves

(AUE0-240min), maximum PG excursions (CE) and time to maximum

excursions (tCEmax). Key secondary PD endpoints were time to reach

a PG increase of ≥1.1 mmol/L (20 mg/dL; TPG_increase_≥1.1 mmol/L) and

percentage of patients who reached a PG increase of ≥1.1 mmol/L

within 30 minutes post-dose. In addition, time to reach PG concentra-

tion of ≥3.9 mmol/L (70 mg/dL; TPG_≥3.9 mmol/L) was determined for

the hypoglycaemic conditions.

2.6 | Statistical analyses

No formal sample size calculation was performed for the present

exploratory study. A sample size of 17 randomized patients was con-

sidered to be sufficient to describe the PK and PD characteristics of

dasiglucagon and commercial glucagon.

The PK/PD endpoints were log-transformed and comparisons

were made between dasiglucagon/commercial glucagon and between

hypoglycaemic/euglycaemic conditions by using a linear model

ANOVA, with treatment as well as glycaemic state, dose, their interac-

tion, period, sequence and patient-within-sequence as fixed effects.

Least squares means of treatments, for each glycaemic state and

doses as well as the differences of the means were calculated and

90% confidence intervals (CIs) were estimated and back-transformed

(exponentially transformed) in order to find the estimated ratios and

CIs of responses. As tmax and tCEmax were neither normally nor log-

normally distributed, point estimates for median differences between

treatments and corresponding 90% CIs were calculated according to

Hodges and Lehmann, and comparisons were made using the Wil-

coxon signed rank test.

Dose proportionality of Cmax and the AUCs of dasiglucagon were

analysed using a power model by means of a regression analysis with

the log-transformed endpoint as response and log-dose as a fixed

effect. The estimated slope of the regression was calculated. If 1 was

included in the 95% CI, dose proportionality was assumed.

All statistical analyses were performed using the SAS® System for

Windows, version 9.4 (SAS Institute Inc., Cary, North Carolina). PK

characteristics were calculated using WinNonlin, version 7.0 (Certara,

Princeton, New Jersey).

3 | RESULTS

3.1 | Patient disposition and characteristics

After finalization of the latest protocol version, 17 patients with

T1DM were randomized and treated with trial products. All patients

completed the trial and were included in the PK and PD analysis. Four

profiles (two with 0.2 mg commercial glucagon, one with 0.03 mg

dasiglucagon and one with 0.2 mg dasiglucagon) were excluded from

the PK/PD analysis at the blinded data review meeting before data-

base lock because of the use of a wrong PK assay, assumed insuffi-

cient dosing or other important protocol deviations. The final analysis

set comprised 184 PK and 183 PD profiles.

In the first six patients included in the study, higher intravenous

insulin infusion rates had been used, which led to high hypoglycaemia

rates; therefore, the protocol was changed and these first six patients

were withdrawn and excluded from data analysis. All 23 patients

exposed to the trial drug were included in the safety analysis

(Table S1, Supporting Information).

3.2 | PK results

The PK profile of dasiglucagon was characterized by a rapid increase

with similar exposure to commercial glucagon in the first 15 minutes

(Figure 1). Dasiglucagon reached maximum concentrations later than

commercial glucagon (30 vs 15 minutes, based on medians over all

doses). After tmax, dasiglucagon concentration decreased, with a t1/2

of ~0.4 to 0.7 hours compared with a t1/2 of 0.25 hours with commer-

cial glucagon (Table 1 and Figure 1), resulting in substantially (ie, 1.4-

to 4-fold) higher values for dasiglucagon for AUC0-30min, AUC0-240min,

AUC0-inf and Cmax at euglycaemic conditions (Table 1 and Table S2,

Supporting Information). No substantial differences were observed for

dasiglucagon PK characteristics between euglycaemic and hypogly-

caemic conditions.
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Dasiglucagon met the dose proportionality criteria for AUC0-240

and AUC0-inf. For Cmax and AUC0-30 the upper limit of the 95% CI was

slightly below 1, which may be attributed to a relatively high early

plasma exposure per mg in the lower dose groups (as indicated by an

increased AUC0-30min/AUC0-240min ratio) compared with the higher

dose groups (Table S3, Supporting Information).

3.3 | PD results

The PD responses after dasiglucagon were characterized by a dose-

dependent and rapid increase in PG concentration, reaching maximal

PG concentrations ~50 to 90 minutes after administration, both in

euglycaemic and hypoglycaemic conditions. The overall glucodynamic

response (AUE0-240min) after dasiglucagon administration was 2- to

4-fold higher than that of equal doses of commercial glucagon admin-

istration; whereas differences in CEmax were 1.47- to 1.85-fold higher

(Table 2 and Table S2, Supporting Information).

At similar (mg) doses, the glucodynamic responses during the first

30 minutes (AUE0-30min) were higher after dasiglucagon than after com-

mercial glucagon administration. In line with the PK results, time to maxi-

mum effect or half maximum of concentration effect were reached later

with dasiglucagon (Table 2 and Table S2, Supporting Information).

FIGURE 1 Pharmacokinetic profiles. Mean plasma concentration profiles and SEM at euglycaemia (A) and at hypoglycaemia (B) after single

subcutaneous doses of dasiglucagon and commercial glucagon (Eli Lilly)
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The median time (range) to increase PG by at least 1.1 mmol/L

was below 20 (18-19.5) minutes at both euglycaemia and hypoglycae-

mia with 0.03 mg dasiglucagon and ranged from 9 to 15 minutes with

the higher doses. Hypoglycaemia was corrected to PG ≥3.9 mmol/L

within median times of 14 and 10 minutes with 0.03 and 0.08 mg

dasiglucagon, respectively, and within 6 minutes with 0.2 mg dasiglu-

cagon. All patients (100%) achieved a PG level of at least 3.9 mmol/L

within 30 minutes post-dose at dose levels of 0.08 mg and above. For

the lowest dose level (0.03 mg) this was achieved by the majority of

patients (70.6%; Table 2 and Figure 2).

3.4 | Safety

All doses of dasiglucagon were safe and well tolerated. As expected,

both commercial glucagon and dasiglucagon showed mainly gastroin-

testinal side effects (nausea and vomiting) which were more frequent

with higher dosing. Nausea and vomiting were more frequent with

dasiglucagon than with commercial glucagon when comparing the

same dose levels in terms of mg administered. At the lowest dose

levels, nausea was observed in 5% to 10% of patients and vomiting in

0% to 5% of patients. At the highest dose levels, up to 50% of patients

experienced nausea and up to 25% experienced vomiting. Other less

frequent non-hypoglycaemic treatment emergent adverse events

were equally distributed across treatment and dose levels. Injection

site reactions were only observed with commercial glucagon. All seven

injection site reaction events observed were mild and transient, with

only one reaction lasting >30 minutes (Table S4, Supporting

Information).

A total of 18 hypoglycaemic events (in 17 completers) occurred

with dasiglucagon [over the range of small doses (0.03-0.2 mg)] com-

pared with 26 hypoglycaemic events with commercial glucagon, in

particular with the lower doses (Table S4). The median start time of

intravenous glucose infusion post-dosing to treat hypoglycaemia ran-

ged from 2.4 to 3.8 hours for dasiglucagon versus 2.2 to 3.2 hours for

commercial glucagon (post hoc analysis; Table S5, Supporting Informa-

tion). No serious adverse events occurred, and all adverse events were

either of moderate or mild intensity.

Positive antidrug antibody and neutralizing antidrug antibody

titres towards commercial glucagon and dasiglucagon were observed

in one patient at the follow-up visit, after this patient had received a

total of three commercial glucagon and eight dasiglucagon administra-

tions. These antidrug antibody titres disappeared when reassessed

7 months after the last dosing.

4 | DISCUSSION

The present study showed that a stable aqueous formulation of dasi-

glucagon 4 mg/mL provided dose-dependent and rapid increases in

PG concentrations in both hypoglycaemic and euglycaemic baseline

conditions across all doses tested (0.03-0.6 mg) in adults with T1DM.

Importantly, at the same small doses (0.03-0.2 mg) the early glucody-

namic responses indicated a rapid increase, which occurred earlier and

was higher compared with commercial glucagon at the same dose

levels. It should be noted that time to maximum glucose excursionT
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(tmax) was slightly longer for dasiglucagon, whereas overall glucose

response (AUE240min) showed a longer-lasting and greater maximum

effect (CEmax) compared with commercial glucagon. These findings

showed that dasiglucagon had titratable and clinically relevant PD

responses, enabling, even at small doses, future use in DHAP systems.

It could be hypothesized that the higher overall glycaemic response

with dasiglucagon versus commercial glucagon could reduce the

incidence of recurrent hypoglycaemia, further supporting its suitability

for use in DHAP systems. Glucagon doses needed in artificial pancreas

settings are aimed at preventing hypoglycaemia and therefore are typi-

cally much smaller than those used for rescue treatment of severe

hypoglycaemia. Previously published data showed that native glucagon

boluses as small as 100 to 300 μg potently raised PG by 2.2 to

4.8 mmol/L (40-86 mg/dL) from insulin-induced mild hypoglycaemia.21

FIGURE 2 Pharmacodynamic profiles. Mean plasma glucose concentration profiles and SEM at euglycaemia (A) and at hypoglycaemia (B) after

single subcutaneous doses of dasiglucagon and commercial glucagon (Eli Lilly)
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We previously found that dasiglucagon showed similar early PD

responses to those of GlucaGen® after insulin-induced hypoglycaemia

at corresponding rescue size doses and that higher exposure of dasiglu-

cagon was reflected by a higher glucose response (AUE).19 In line with

this, the present study showed similar characteristics of dasiglucagon

(4 mg/mL) to those of the previously tested 1-mg/mL formulation.

The higher bioavailability of dasiglucagon compared with com-

mercial glucagon has also been observed in non-clinical data22 and

may be attributable to the tendency for glucagon to fibrillate, also

after it is injected into the subcutaneous compartment, thereby lead-

ing to less glucagon being absorbed.

A feasibility trial has been performed with dasiglucagon deliv-

ered by a DHAP system (as developed by Beta Bionics, Boston,

Massachusetts) and results showed glycaemic responses similar to

those of native glucagon during 8-hour test conditions using high

insulin exposures under fasting conditions, combined with structured

exercise.23 In that study, both dasiglucagon and native glucagon

were effectively able to counteract hypoglycaemia under the chal-

lenging conditions.

A major barrier to the development of DHAP systems has been

the unstable nature of native glucagon. Currently available glucagon

formulations start degrading and form fibrils shortly after reconstitu-

tion, meaning that glucagon has to be replaced every day24,25 to avoid

a loss in glucagon efficacy or pump occlusions attributable to

fibrils.26,27 This has led to the search for stable liquid glucagon formu-

lations not requiring reconstitution.28–31 Until now, “in-use” drug sta-

bility and compatibility in an infusion-pump (G-Pump) has been shown

for dimethylsulfoxid (DMSO) glucagon, which demonstrated sufficient

efficacy at all three doses tested (0.3, 1.2 and 2.0 μg/kg) compared

with GlucaGen; however, DMSO glucagon was associated with signifi-

cantly more erythema and pain at the infusion site compared with

GlucaGen. The majority of reactions were mild or moderate, but may

limit the clinical utility of DMSO glucagon.30 Furthermore, initial pre-

clinical reports indicate that the BioChaperone technology allows the

formulation of stable ready-to-use liquid formulations of human gluca-

gon suited for rescue therapy of severe hypoglycaemia.31,32 Recent

clinical data showed safety and efficacy of two BioChaperone formu-

lations, with only slightly slower effects than GlucaGen in people with

T1DM.33

Glucagon concentrations in short-term DHAP studies rarely

exceeded the physiological fasting ranges and there were no major

safety concerns.34 The small doses of dasiglucagon tested in the pre-

sent study showed very good tolerability and did not raise any signifi-

cant safety concerns. The higher incidence of gastrointestinal side

effects observed with dasiglucagon compared with glucagon at com-

parable milligram doses might be caused by a higher potency of the

administered dasiglucagon doses. Integrating glucagon into a DHAP

system may further protect against hypoglycaemia, help achieve near-

physiological glycaemic control and improve quality of life in people

with diabetes mellitus; however, extended monitoring of long-term

dasiglucagon use in DHAP systems will be needed. The safety profile

of long-term use of dasiglucagon in animals supports human testing of

dasiglucagon in DHAP systems.35 So far, the clinical trial data have

shown that dasiglucagon confers a low risk of immunogenic reactions.

In the present study, one sample with transient low-titre positive

antidrug antibody to commercial glucagon and dasiglucagon was

detected. As a result of the crossover trial design, the low-titre anti-

drug antibody induction could not be associated with a specific treat-

ment. As no apparent clinical effects on PK/PD characteristics or

adverse events were observed, the clinical relevance of this finding

remains questionable.

A strength of the present study is the inclusion of patients with

T1DM, who are the most sensitive and relevant target population for

hypoglycaemia rescue/prevention and DHAP therapy. Patients with

T1DM were selected to avoid the confounding influence of endoge-

nous insulin and to reduce the effect of counter-regulation to hypogly-

caemia, which might be more pronounced in healthy patients with a

fully intact endogenous glucagon production.3,36,37 A controlled setting

was needed to establish comparable baseline conditions across differ-

ent doses and treatments as well as for different glycaemic states, a

pre-requisite for valid comparisons. By creating different glycaemic

states, the design was not intended to reproduce “real-life” conditions

that most often comprise insulin dosing errors, strenuous exercise,

and/or alcohol consumption.38 High prevailing insulin concentrations

(in hypoglycaemic settings) may prevent very low doses of glucagon

(such as the 0.03-mg dose in the present study) from significantly

increasing glucose output and may attenuate the early glucodynamic

response relative to the response at euglycaemic conditions and relative

to the responses at higher doses39 (Table 2); however, at higher doses

of dasiglucagon, the insulin on board apparently did not impair the

glucagon-induced increase in PG level. This trial design confirmed that a

stable dose-dependent PG response, independent of different glycae-

mic baseline conditions, could be demonstrated for dasiglucagon, as

already described for native glucagon.40 In the previous trial, dasigluca-

gon doses from 0.1 to 1 mg were used and a linear PK dose–response

relationship was demonstrated.19 There was an indication of a sigmoidal

dose–response curve for the PD profile which was mainly attributable

to a lower response with the 1-mg dose, whereas the 0.6-mg dose was

only slightly below the expected linear response. For the recent trial,

we observed a higher slope of the dose–response relationship for dasi-

glucagon compared with commercial glucagon for PK and PD variables

(PK-AUC[0-240min] was in the range of 3- to 4-fold, whereas this ratio

was ~2-fold for PD-AUE[0-240min]). The use of two different analytical

methods for GlucaGen (radioimmunoassay) and dasiglucagon liquid

chromatography mass spectrometry (LCMS) might be deemed a limita-

tion of the present study. Nevertheless, differences in PK characteris-

tics might be expected when two different molecular entities are

compared, and the use of a specific assay for dasiglucagon could also

be regarded as an advantage because any interference with endoge-

nous glucagon was avoided. Overall, the PD dose–response relationship

is the important variable for patient treatment.

The small sample size could be regarded as a limitation of the

study; however, a crossover design was chosen in order to reduce var-

iability and increase the power as each patient served as their own

control. The chosen sample size in combination with the crossover

design (thereby excluding inter-individual confounders)38 was still suf-

ficient to demonstrate small differences in early exposure and glucose

response.

In conclusion, the present study showed that dasiglucagon in a

stable liquid formulation of 4 mg/mL had PK and PD properties
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suitable for use in a DHAP device, with a higher bioavailability than

native glucagon. Dasiglucagon quickly and effectively increases PG

concentrations from euglycaemic and hypoglycaemic baseline condi-

tions in a dose-dependent fashion, with clinically relevant effects

already observed with small doses. Further clinical trials to evaluate

use of dasiglucagon in an automated DHAP system are underway.
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