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Background: Dasiglucagon is a novel glucagon analog that is stable in aqueous formulation and approved 

for use in severe hypoglycemia. Concentration QTc analyses are critical for assessing risk of drug-induced 

QTc prolongation and potential for fatal cardiac arrhythmias such as torsades de pointes. 

Objective: The aim of this study was to determine whether dasiglucagon treatment resulted in any clini- 

cally relevant effect on cardiac repolarization in healthy volunteers. 

Methods: This double-blind, placebo-controlled, dose-escalation Phase I trial was conducted at a single 

center in Germany between November 2018 and June 2019. Sixty healthy volunteers aged 18 to 45 years 

were randomized within dose cohorts to receive intravenous dasiglucagon, intravenous placebo, or sub- 

cutaneous dasiglucagon. In the intravenous administration cohorts, doses ranged from 0.03 mg to 1.5 mg. 

The subcutaneous administration cohort received the approved 0.6 mg dose. In the intravenous adminis- 

tration cohorts, serial electrocardiograms were extracted from continuous Holter monitors at prespecified 

time points beginning the day before dosing and through 24 hours postdose. Heart rate, PR interval, and 

QRS duration were evaluated. Concentration-QT analyses corrected by Fridericia’s formula (QTcF) were 

performed using both a linear mixed-effects and a maximum estimated effect (E max ) model. 

Results: At the doses studied, dasiglucagon did not have any clinically relevant effect on heart rate, PR 

interval, or QRS duration. A minor prolongation of the QTcF interval was observed without any clear dose 

or concentration dependency. Both the linear and E max models predicted mean and 90% CIs of placebo- 

corrected change in QTcF remained below 10 ms (the threshold of regulatory concern), although the 

linear model did not fit the data well at low dasiglucagon plasma concentrations. In the E max model, 

the E max of dasiglucagon was 3.6 ms (90% CI, 1.23–5.95 ms), and the amount to produce half the effect 

of E max ) was 426.0 pmol/L (90% CI, −48.8 to 900.71 pmol/L). The treatment effect-specific intercept was 

−0.44 ms (90% CI, −2.37 to 1.49 ms). The most frequently observed treatment-emergent adverse events 

reported in the trial were gastrointestinal disorders such as nausea and vomiting. 

Conclusions: Dasiglucagon does not cause clinically relevant QTc prolongation in concentrations up to 

≈30,0 0 0 pmol/L, a level 5-fold higher than the highest observed plasma concentrations in clinical trials 

investigating use of the approved 0.6 mg SC dose. ClinicalTrials.gov Identifier: NCT03735225; EudraCT 

identifier: 2018-002025-32. ( Curr Ther Res Clin Exp . 2022; 83:XXX–XXX) 

© 2022 Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The classic physiologic role of glucagon involves stimulating 

epatic glucose production to maintain euglycemia in concert with 
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011-393X/© 2022 Published by Elsevier Inc. This is an open access article under the CC
nsulin. 1 Both glucagon and insulin play central, essential, and 

nterdependent roles in the regulation of plasma glucose, along 

ith extended effects on fat and protein metabolism and en- 

rgy balance. Glucagon acts to counterregulate the blood glucose- 

owering effects of insulin by stimulating glycogenolysis and glu- 

oneogenesis in the liver. 1 As a result, pharmacologic preparations 

f glucagon are often used to treat severe hypoglycemia induced 

y glucose-lowering therapies. However, the physiologic effects of 

lucagon are not constrained to a strictly glucoregulatory role. 
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Preclinical studies and noncontrolled trials suggest that in- 

ravenous administration of supraphysiologic concentrations of 

lucagon can increase heart rate, blood pressure, and heart con- 

ractility. 2–4 These positive chronotropic and inotropic effects form 

he basis for clinical use of glucagon to treat overdoses induced by 

ardioinhibitory drugs such as beta blockers and calcium channel 

lockers. 4 Elevated levels of glucagon may also be associated with 

hronic tachycardia, which, in addition to recurrent hypoglycemia, 

s a risk factor for cardiovascular morbidity. 5–7 Therefore, it is im- 

ortant to understand any potential chronotropic effects of novel 

harmacologic agents that regulate glucose metabolism and blood 

lucose levels. 

Dasiglucagon is a novel glucagon analog that is stable in aque- 

us solutions and is approved as a rescue treatment for severe hy- 

oglycemia. 8 , 9 Median time to plasma glucose recovery following 

nsulin-induced hypoglycemia with dasiglucagon is comparable to 

hat achieved with reconstituted lyophilized glucagon. 9 Given that 

asiglucagon retains selectivity and potency at the glucagon recep- 

or, it is important to understand any potential chronotropic con- 

equences of dasiglucagon treatment. 

In clinical development programs, it is critical to determine via 

onclinical and clinical studies whether a drug may exert harm- 

ul effects on cardiac repolarization (eg, due to drug-induced ion 

hannel blockade) potentially resulting in fatal arrythmias such as 

orsades de pointes. Nonclinical studies with dasiglucagon have not 

aised any cardiac safety concerns: dasiglucagon had no effect on 8 

ifferent human cardiac ion channels (including human ether-a-go- 

o related gene [hERG]) in vitro and showed no potential for QTc 

rolongation in a cardiovascular telemetry study in dogs at plasma 

oncentrations up to ≈200 times higher than what is observed in 

uman beings at a rescue dose of 0.6 mg. 

For clinical studies, International Council for Harmonisation of 

echnical Requirements for Pharmaceuticals for Human Use (ICH) 

uidelines recommend a concentration QTc modeling approach 

hat employs a prespecified linear mixed-effects model. 10 Notably, 

hysiologic changes over a normal range of blood glucose lev- 

ls in relation to activities such as meal ingestion can give rise 

o minor fluctuations in the corrected QT interval. 11–15 This phe- 

omenon is likely a result of a complex interplay among glu- 

ose, insulin, C-peptide, and the activation of the autonomic ner- 

ous system. 11 , 14 , 15 In the present study, we sought to determine 

hether there is any clinically relevant effect of dasiglucagon on 

ardiac repolarization in healthy volunteers. This article presents 

n interpretation of clinical manifestations and ECG findings based 

n concentration QT analyses corrected by Fridericia’s formula 

QTcF) to assess the potential effect of dasiglucagon on the QT in- 

erval. 

ethods 

tudy design 

In this randomized, double-blind, placebo-controlled, dose- 

scalation Phase I trial (NCT 03735225; EudraCT 2018-002025-32), 

ealthy adult volunteers received either intravenously adminis- 

ered dasiglucagon, intravenously administered placebo, or subcu- 

aneously administered dasiglucagon. The primary objective of the 

rial was to evaluate the safety and tolerability of ascending doses 

0.03 mg to 1.5 mg) of dasiglucagon via intravenous administration. 

n open-label, noncontrolled subcutaneous administration cohort 

as included to assess the bioavailability of dasiglucagon following 

ubcutaneous compared with intravenous administration. In terms 

f ECG findings, the primary objective was to evaluate any poten- 

ial effect by dasiglucagon on cardiac repolarization (ie, QTc inter- 

al), whereas the secondary ECG objective included assessing the 
2 
ffect of dasiglucagon on other quantitative ECG parameters, such 

s heart rate (HR), PR interval, and QRS duration. 

The trial was conducted at a single site in Germany between 

ovember 2018 and June 2019. Within the intravenous adminis- 

ration cohorts, the administered doses of dasiglucagon (4 mg/mL) 

ere 0.03 mg, 0.1 mg, 0.3 mg, 0.6 mg, and 1.5 mg. Six additional 

tudy participants were included in the 0.6 mg dose cohort due 

o possible improper intravenous dose administration. Participants 

ere assigned a random number on the day of dosing after eligi- 

ility was confirmed according to the dosing day exclusion criteria. 

ilution of dasiglucagon was performed with vehicle by unblinded 

ersonnel of a contracted vendor, who prepared a syringe with the 

ose determined by randomization for each participant on the day 

f dosing. Treatments were formulated in identical aqueous solu- 

ions, and all doses were thereafter administered by blinded trial 

ersonnel. Dasiglucagon was provided in a prefilled syringe for 

ubcutaneous administration and in vials for intravenous admin- 

stration. 

The trial protocol and other information provided to study vol- 

nteers were approved by an independent ethics committee and 

he responsible competent authority (Bundesinstitut für Arzneimit- 

el und Medizinprodukte). This study was conducted in accordance 

ith ethical principles according to the Declaration of Helsinki and 

CH guidelines with written informed consent obtained from par- 

icipants before trial enrollment. Participants were informed that 

hey were free to withdraw from the trial at any time at their own 

iscretion without necessarily giving reasons. 

articipants 

Participants included healthy male and female adult volunteers 

ged 18 to 45 years weighing between 60 and 90 kg. Volunteers 

ere eligible to participate if systolic blood pressure was ≥90 mm 

g and ≤140 mm Hg, diastolic blood pressure was ≤90 mm Hg, 

nd pulse rate was ≥50 and ≤90 bpm after at least 5 minutes’ rest 

n a supine position. Furthermore, if 12-lead ECG with QTcF was 

 450 ms, PR interval was < 220 ms, and QRS duration was < 110

s, volunteers were eligible to participate in the study. 

ntravenous dosing 

Healthy volunteers were screened between 21 and 3 days be- 

ore dosing with the trial drug. Eligible participants attended a sin- 

le dosing visit involving an overnight stay and Holter ECG moni- 

oring 24 hours pre- and postdose. All ECG data were collected us- 

ng a Global Instrumentation (Manlius, New York) M12R ECG con- 

inuous 12-lead digital recorder. 16 

The intravenous route of administration was chosen to increase 

he time between ECG extractions and nausea and vomiting ex- 

ected to occur 2 to 3 hours after administration of dasiglucagon, 

 time frame that did not coincide with the expected t max of 

asiglucagon. Participants in the intravenous administration cohort 

asted for at least 8 hours before drug administration and were 

iven the option of a 25 g granola bar snack (112 kcal: fat = 4.3 

, carbohydrates = 16.4 g, sugar = 6.1 g, and protein = 1.6 g) at 1.5

ours postinjection and standard meals at 4 hours, 8 hours, and 

2 hours postinjection. The time points at which study volunteers 

ere permitted to eat did not coincide with ECG time points. 

oses of dasiglucagon were administered in a sentinel manner 

nd ranged from 0.03 mg to 1.5 mg. After intravenous administra- 

ion, blood was collected for pharmacokinetic (PK) measurements 

t predefined time points over a period of 4 hours. Blood sampling 

or PK measurements was paired with ECG data extractions from 

ontinuous Holter ECG monitoring. Blood samples were collected 

redose and at 5, 10, 15, 20, 25, 35, 50, and 60 minutes after trial 

rug administration for plasma glucose determination. 
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ubcutaneous dosing 

In the subcutaneous administration cohort, 0.6 mg IV 

asiglucagon was administered in the abdomen via a prefilled 

yringe. Blood was subsequently collected for PK measurements at 

redefined time points over a period of 5 hours. 

ontinuous 12-lead ECG assessment 

A Holter device was applied to all participants on the day be- 

ore dosing, and participants were resting in a supine position for 

t least 15 minutes before each ECG extraction. Replicate 12-lead 

CGs were extracted at a central ECG laboratory (ERT, Rochester, 

ew York) at 45, 30, and 15 minutes predose and paired with PK 

amples at 5, 10, 15, 20, 25, 40, 60, 80, 100, 120, 140, 180, and

40 minutes and 24 hours postdose. ECGs were performed at cor- 

esponding time points on day −1 but were not relevant due to 

ack of an HR effect (mean placebo-corrected change from baseline 

 ��] HR was < 10 bpm). This informed the decision to correct the 

T interval using Fridericia’s formula rather than using other cor- 

ection methods such as optimized HR-corrected QT interval or in- 

ividualized HR-corrected QT interval. The TQT Plus method was 

sed to identify periods of stable HR in the 5-minute extraction 

indow to ultimately generate up to 10 nonoverlapping 10-second 

CG replicates within each nominal prespecified time point. TQT 

lus is an advanced computer-assisted and statistical process uti- 

ized to extract ECGs from continuous 24-hour recordings. 17 The 

rimary analysis lead was lead II, followed sequentially by lead 

2 and lead V5 if the primary lead was nonanalyzable. Categori- 

al T-wave morphology analysis and measurement of PR interval 

nd QRS duration were analyzed by a cardiologist in 3 of the 10 

CG replicates at each time point. 

ther safety assessments 

In addition to 12-lead ECG, safety was monitored throughout 

he study by means of adverse event (AE) recording, vital sign 

easurements, clinical laboratory evaluations, physical examina- 

ions, and monitoring for injection site reactions. Antibody forma- 

ion was assessed at the dosing visit (before dosing) and at up 

28 days after dose) using a multitiered assessment approach. 18 

n antidasiglucagon antibody-positive participant was defined as a 

omeone with at least 1 treatment-induced or treatment-boosted 

titer increase above 5-fold) antidasiglucagon antibody-positive 

ample at any time during the treatment or follow-up observation 

eriod. 

tatistical methods 

In general, data for placebo were pooled across cohorts, 

hereas data for dasiglucagon were analyzed by dose for intra- 

enous administration cohorts or by route of administration (sub- 

utaneous vs intravenous) for the 0.6 mg dose cohort specifically. 

ll planned statistical analyses for PK and pharmacodynamic (PD) 

nd points were exploratory, and a confirmatory statistical analy- 

is was not intended. As an exploratory analysis, dose proportion- 

lity of C max and AUCs of dasiglucagon administered intravenously 

ere analyzed using a power model by means of a regression anal- 

sis with the log-transformed end point as a response and log- 

ose as a fixed effect. The estimated slope of the regression was 

stimated. Dose proportionality was supported if the 90% CI was 

ithin the critical interval for slope. Absolute bioavailability was 

stimated using a linear model (SAS software [SAS Institute, Cary, 

orth Carolina], procedure = Mixed) for the total exposure (AUC) of 

.6 mg SC formulation in comparison to the 0.6 mg IV formulation 
3 
f dasiglucagon. No inference statistical analyses were performed 

n PD end points. 

HR correction of the QT interval was calculated based on Frid- 

ricia’s formula (QTcF = QT/(RR(sec)) 1/3 ). 19 By-time point analyses 

ere based on a linear mixed-effects model with change from 

aseline ( �) QTcF as the dependent variable; time point, treat- 

ent, and time-by-treatment interaction as fixed effects; and base- 

ine QTcF as a covariate. For HR, PR interval, and QRS duration, a 

imilar model was used as described for �QTcF and was based on 

hange from baseline postdosing. By-time point analyses of HR and 

TcF were performed, including data from participants with typical 

ntravenous PK profiles to allow for a proper evaluation of a poten- 

ial dose-dependent effect. The relationship between plasma con- 

entrations of dasiglucagon and �QTcF was also quantified using 

 linear mixed-effects modeling approach evaluating all available 

ntravenous administration data. The model included �QTcF as the 

ependent variable, time-matched concentrations of dasiglucagon 

s a continuous covariate, centered baseline QTcF as an additional 

ovariate, treatment and time point as categorical factors, and a 

andom intercept and slope per participant. The Kenward-Roger 

ethod was used to estimate the degrees of freedom. The slope of 

asiglucagon (the regression parameter for the concentration), and 

he treatment effect-specific intercept (defined as the difference 

etween dasiglucagon-treated and placebo) were estimated to- 

ether with the 2-sided 90% CI. In line with regulatory guidelines, 

he primary hypothesis for the analysis was that dasiglucagon does 

ot cause a clinically relevant QTc effect by demonstrating that the 

pper bound of the 2-sided 90% CI for placebo-corrected �QTcF 

 ��QTcF) was < 10 ms at the geometric mean C max for the highest 

ose level in the trial (1.5 mg dasiglucagon). 10 An upper bound of 

0 ms represents the threshold of regulatory concern and is chosen 

o provide reasonable assurance that the mean effect of the study 

n the QTc interval is not > 5 ms (drugs that prolong the mean QTc 

nterval by around 5 ms or less do not appear to cause torsades de 

ointes). 10 

Additional exploratory analyses included assessment of a possi- 

le delayed effect (hysteresis) and fitting a model with the original 

erm and a quadratic term for dasiglucagon concentration and test- 

ng the quadratic term at the 2-sided 5% level. The quadratic term 

as found to be statistically significant at the .05 level ( P = 0.0313) 

nd thus indicated that a linear model may not be appropriate. 

herefore, a maximum estimated effect (E max ) model was also ap- 

lied to the data to further explore the concentration-QTc relation- 

hip for dasiglucagon. 

All statistical analyses were performed using the SAS System for 

indows, version 9.3 or higher (SAS Institute Inc). PK characteris- 

ics were calculated using Phoenix WinNonlin version 8.0 (Certara, 

rinceton, NJ). No formal sample size calculation was performed 

or this study. 

esults 

articipant disposition and demographic characteristics 

In all, 141 volunteers were screened; of those, 60 were ran- 

omized and received a single dose of the trial drug (n = 6 

asiglucagon × 7 dose cohorts; n = 3 placebo × 6 dose cohorts) (see 

upplemental Figure 1. The majority of participants were White 

97%) and 52% were women. Mean age was 30 years and mean 

ody weight was 72.7 kg ( Table 1 ). Baseline ECG parameters were 

imilar among all participants. Mean HR across dose groups ranged 

rom 55.7 to 62.9 bpm. Mean QTcF varied between 388.1 and 402.9 

s. Mean PR interval varied between 134.7 and 157.3 ms, and 

ean QRS duration varied between 102.3 and 107.2 ms. 
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Table 1 

Demographic and baseline characteristics of the full analysis population (N = 60). ∗

Characteristic Dasiglucagon Placebo (n = 18) Full analysis 

population (n = 60) 

Dose, mg 0.03 IV 

n = 6 

0.1 IV 

n = 6 

0.3 IV 

n = 6 

0.6 IV 

n = 12 

1.5 IV 

n = 6 

0.6 SC 

n = 6 

Age, y 35.0 

(25-45) 

30.8 

(21-45) 

23.3 

(18-30) 

32.4 

(25-42) 

33.3 

(23-40) 

27.8 

(23-41) 

28.3 

(18-43) 

30 

(18-45) 

Body weight, 

kg 

76.05 

(65.7-84.1) 

70.30 

(60.0-80.7) 

71.48 

(61.9-79.7) 

73.24 

(63.8-85.6) 

74.87 

(63.3-89.8) 

72.67 

(62.8-83.6) 

71.67 

(60.1-89.9) 

72.7 

(60.0-89.9) 

IV = intravenous; SC = subcutaneous. 
∗ Values are presented as mean (range). 
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K and PD 

The PK properties of dasiglucagon over a range of 0.03 mg 

o 1.5 mg were predictable in healthy volunteers. AUC and C max 

ere dose-proportional across the intravenous administration dose 

ohorts. AUC during the first 240 minutes (AUC 0–240 ) for intra- 

enous dasiglucagon ranged from 251 to 13,656 h 

∗pmol/L across 

ose groups, whereas AUC 0–300 for SC 0.6 mg dasiglucagon was 

357 h 

∗pmol/L. AUC 0–∞ 

for the subcutaneous cohort was approx- 

mately half of that for the 0.6 mg IV dose cohort (2362 vs 4633 

 

∗pmol/L). Therefore, the absolute bioavailability of dasiglucagon 

ollowing subcutaneous administration in the abdomen was ≈51%. 

ith the exception of the 0.03 mg dose cohort, the dasiglucagon 

 max was higher following intravenous administration than follow- 

ng subcutaneous administration ( Figure 1 A). However, within 30 

o 35 minutes, dasiglucagon concentrations in the intravenous ad- 

inistration cohorts had declined to near 0. By 35 minutes, plasma 

asiglucagon concentrations in the subcutaneous administration 

ohort had peaked at 1534 pmol/L. Dasiglucagon was rapidly elim- 

nated following both routes of intravenous and subcutaneous ad- 

inistration with a terminal t ½ of approximately 18 and 30 min- 

tes, respectively. 

Plasma glucose levels increased after dasiglucagon adminis- 

ration in all dose groups. The observed mean maximum glu- 

ose concentrations (C max, glucose ) after IV administration ranged 

rom 135 mg/dL (0.03 mg) to 160 mg/dL (1.5 mg). Median time 

o C max, glucose ranged from 17.5 minutes (0.03 mg) to 42.5 min- 

tes (1.5 mg) and increased with ascending doses of intravenous 

asiglucagon ( Figure 1 B). Subcutaneous administration dosing was 

ssociated with higher plasma glucose levels (172 mg/dL) than in- 

ravenous dosing. 

R and cardiac conduction 

At the studied doses, dasiglucagon did not exert a substantial 

R effect (mean ��HR was < 10 bpm) ( Figure 2 ). Mean ��HR 

as small across all dose groups, ranging from –7.0 bpm at 5 

inutes postdose in the 0.03 mg dose group to 7.5 bpm at 24 

ours postdose in the 0.6 mg dose group. At the doses investigated, 

asiglucagon did not have a clinically relevant effect on either PR 

nterval or QRS duration. 

ardiac repolarization: By-time point analysis 

Because dasiglucagon did not exert a substantial effect on HR, 

ridericia’s formula was chosen as the QT correction method. The 

reatest change in placebo-corrected �QTcF ( ��QTcF) was ob- 

erved within the first 40 minutes postdose, in which plasma 

asiglucagon concentrations rapidly declined to near 0, and again 

80 minutes to 24 hours postdose, in which plasma dasiglucagon 

oncentrations were negligible ( Figure 3 ). Within the first 40 min- 

tes postdose, the largest mean ��QTcF were observed in the 4 
4 
ighest dose groups but without a clear dose- or concentration- 

ependent relationship. Mean ��QTcF ranged from −3.4 ms (90% 

I, −8.96 to 2.23) at 40 minutes postdose in the 0.03-mg dose 

roup to 6.2 ms (90% CI, 1.07 to 11.23) at 25 minutes postdose 

n the 0.1-mg dose group. Between 60 and 120 minutes post- 

ose, mean ��QTcF was largely negative across all dose groups. 

�QTcF exceeded 10 ms at 180 minutes postdose in the 1.5-mg 

13.4 ms [90% CI, 8.55 to 18.16]) and 0.1-mg (12.3 ms [90% CI, 7.19 

o 17.34]) dose cohorts. This effect was mainly driven by a negative 

lacebo response at this time point as shown in Supplemental Fig- 

re 2 ( �QTcF over time). Dasiglucagon plasma concentrations were 

egligible at this time point, and there was again no clear dose or 

oncentration dependency. 

ardiac repolarization: Concentration-QTc analysis 

The initial concentration-QTc analysis utilizing a linear regres- 

ion model with a random slope and intercept assigned per par- 

icipant did not fit the data well at low dasiglucagon plasma 

oncentration levels. In a goodness-of-fit plot, the majority of 

asiglucagon concentration observations clustered around 0, and 

�QTcF varied without relation to concentration. However, the 

inear model did predict that the mean and 90% CI of ��QTcF re- 

ained below 10 ms across all observations. The estimated pop- 

lation slope of the concentration-QTc relationship was −0.0 0 0 02 

s per pmol/L (90% CI, −0.0 0 0 080 to 0.0 0 0 049) with a treatment

ffect-specific intercept of 0.8 ms (90% CI, −1.05 to 2.56). Neither 

lope nor the treatment effect-specific intercept was statistically 

ignificant at the 0.1 level. 

An E max model was subsequently fitted as per the protocol and 

tatistical analysis plan. The E max model similarly predicted that 

oth mean and 90% CI of ��QTcF remained below 10 ms across 

ll observations ( Figure 4 and Table 2 ). The E max of dasiglucagon 

as 3.6 ms (90% CI, 1.23 to 5.95; P = 0.0137), and the amount that 

roduces half the effect of E max was 426.0 pmol/L (90% CI, −48.8 

o 900.71). The treatment effect–specific intercept was −0.44 ms 

90% CI, −2.37 to 1.49). Both the amount that produces half the 

ffect of E max and the treatment effect-specific intercept were not 

tatistically significant at the 0.1 level. 

As shown in Figure 4 , the vast majority of data points were be- 

ow a dasiglucagon plasma concentration of 30,0 0 0 pmol/L, with 

nly 6 observations above 30,0 0 0 pmol/L. There was no indication 

f a clinically relevant QTc prolongation in the concentration range 

rom 30,0 0 0 to 80,0 0 0 pmol/L (ie, 90% CI of ��QTcF remained be-

ow 10 ms for all observations), but due to the limited number of 

bservations, data in this high concentration range should be in- 

erpreted with caution. 

afety 

A total of 33.3% (14 out of 42) and 11.1% (2 out of 18) of par-

icipants reported treatment-emergent AEs (TEAEs) after adminis- 

ration of dasiglucagon and placebo, respectively. All TEAEs were 
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Figure 1. Pharmacokinetic (PK) and pharmacodynamic response to intravenous (IV) and subcutaneous (SC) dasiglucagon. (A) Log-transformed dasiglucagon plasma concen- 

trations over time in healthy volunteers (n = 34) with typical PK profiles receiving dasiglucagon SC 0.6 mg or IV 0.03 to 1.5 mg. Data are presented as geometric mean and 

95% CI. (B) Plasma glucose concentrations over time in healthy volunteers with typical PK profiles (n = 52) receiving placebo or dasiglucagon SC 0.6 mg or IV 0.03 to 1.5 mg. 

Data are presented as mean and 95% CI. 

m

m

n

n

t

i

h

t

0

t

o

o

e

T

p

c

p

t

c

t

n

D

p

a

a

i

s

w

t

e

(

m

m

ild to moderate in intensity, and all TEAEs were resolved. The 

ost frequently observed TEAEs reported in both the subcuta- 

eous and intravenous administration dasiglucagon cohorts were 

ausea (9 participants), vomiting (4 participants), headache (2 par- 

icipants), extravasation (2 participants), and dizziness (2 partic- 

pants). Nausea and vomiting occurred more frequently at the 

igher dose levels. These events had an onset of 1.5 to 2.5 hours af- 

er dasiglucagon administration and resolved within 3 hours. In the 

.6 mg SC cohort, which is the approved route of administration, 

wo-thirds of participants (4 out of 6) experienced nausea and half 

f participants (3 out of 6) vomited. Notably, no ECG-related TEAEs 

r TEAEs in the system organ class “cardiac disorders” occurred. No 

ffect on vital signs or safety laboratory parameters were observed. 

wo injection site reactions were reported: a case of spontaneous 

ain (0.1 mg IV group) and a hematoma (0.6 mg SC group). Both 

ases were mild and considered possibly related to investigational 

roduct by the investigator. 

One volunteer had positive test results for antidasiglucagon an- 

ibodies at predose and follow-up visits. However, because the in- 
5 
rease in titer at follow-up compared with predose was < 5-fold, 

he response was not classified as treatment-boosted. There was 

o cross-reactivity to endogenous glucagon. 

iscussion 

This study investigated the potential effect of dasiglucagon ex- 

osure on the QT interval and other ECG parameters in 54 healthy 

dult volunteers. Dasiglucagon had no clinically relevant effect on 

ny ECG parameters studied at any of the investigated doses rang- 

ng from 0.03 mg to 1.5 mg IV. Dasiglucagon did not exert a sub- 

tantial chronotropic effect (mean ��HR was < 10 bpm). In line 

ith ICH E14 and US Food and Drug Administration recommenda- 

ions, a concentration-QTc analysis was performed using a mixed- 

ffects linear model. 

The upper bound of the 2-sided 90% CI for ��QTc was < 10 ms 

ie, below the threshold of regulatory concern) at the geometric 

ean of C max for the highest dose levels studied. Based on this 

odel, a clinically relevant effect on QTcF was excluded in the 
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Figure 2. Placebo-corrected change from baseline in heart rate ( ��HR) over time. ��HR across prespecified ECG time points in healthy volunteers with typical pharma- 

cokinetic (PK) profiles receiving either placebo or dasiglucagon IV 0.03 to 1.5 mg (n = 46) is shown. Least squares mean and 90% CI based on a linear mixed-effects model: 

�HR = time + treatment + time ∗ treatment + baseline HR is reported. A compound symmetry covariance structure was used to specify the repeated measures (time within 

participant). 

Figure 3. Placebo-corrected change from baseline in QTcF ( ��QTcF) over time. ��QTcF across prespecified ECG time points in healthy volunteers with typical pharma- 

cokinetic (PK) profiles receiving either placebo or dasiglucagon IV 0.03 to 1.5 mg (n = 46) is shown. Least squares mean and 90% CI based on a linear mixed-effects model: 

�QTcF = time + treatment + time × treatment + baseline QTcF is reported. A compound symmetry covariance structure was used to specify the repeated measures (time 

within participant). 
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oncentration range up to ≈30,0 0 0 pmol/L, below which the vast 

ajority of observations were made. However, the mixed-effects 

inear model provided a poor fit to the data at low concentrations 

f dasiglucagon and an E max model was therefore explored, as 

respecified in the protocol and statistical analysis plan. In the 

 max model, an effect on ��QTcF exceeding 10 ms could also be 

xcluded in the concentration range up to ≈30,0 0 0 pmol/L. 

In the analysis evaluating QTcF over time, a small delay was ob- 

erved between dasiglucagon peak concentrations and the small 

ncreases in ��QTcF observed during the first 40 minutes post- 
6 
ose for dasiglucagon doses of ≥0.1 mg. During this time period, 

asiglucagon plasma concentrations rapidly declined to near zero. 

t is therefore possible that this delay represents a delayed effect 

f dasiglucagon on the QTc interval (ie, hysteresis) or a PD effect 

ediated by an increase in plasma glucose. 

In the initial 60 minutes after intravenous dosing, the increase 

n ��QTcF coincided temporally with increases in plasma glu- 

ose (see Supplemental Figure 3), indicating that the PD effect 

f dasiglucagon (ie, increased hepatic glucose output) could be at 

lay. An association between increases in plasma glucose levels 
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Figure 4. Scatterplot of observed dasiglucagon plasma concentrations and placebo-adjusted change from baseline in QTc by Fridericia’s formula ( �QTcF) from the estimated 

maximum effect (E max ) model. The relationship between the individually observed dasiglucagon plasma concentrations and estimated placebo-adjusted �QTcF is shown. 

Data are from all participants receiving either placebo or dasiglucagon IV 0.03-1.5 mg (N = 54). The solid red line with dashed red lines denotes the model-predicted 

mean ��QTcF with 90% CI. The blue squares, red triangles, green diamonds, brown homedowns, purple stars, and black circles denote the pairs of observed dasiglucagon 

plasma concentrations and estimated placebo-adjusted �QTcF by participants for the 0.03 mg IV dasiglucagon, 0.1 mg IV dasiglucagon, 0.3 mg IV dasiglucagon, 0.6 mg IV 

dasiglucagon, 1.5 mg IV dasiglucagon, and placebo treatment groups, respectively. The individually estimated placebo-adjusted �QTcF i,j equals the individual �QTcF i,j for 

participant i administered with dasiglucagon at time point j minus the estimation of time effect at time point j . 

Table 2 

Placebo-corrected change from baseline in predicted concentration-QT analyses cor- 

rected by Fridericia’s formula ( ��QTcF) in all intravenous (IV) administration co- 

hort participants at geometric mean peak concentration of dasiglucagon, from the 

maximum estimated effect model (n = 36). ∗

Dasiglucagon 

IV dose, mg 

Geometric mean C max of 

dasiglucagon, pmol/L 

��QTcF estimate, ms 

0.03 568.1 (223.32 to 1445.32) 1.61 ( −0.45 to 3.68) 

0.1 2391.3 (1425.88 to 4010.42) 2.61 (0.26 to 4.97) 

0.3 6456.6 (2053.26 to 20303.05) 2.93 (0.40 to 5.47) 

0.6 10217.9 (5481.17 to 19047.88) 3.01 (0.42 to 5.60) 

1.5 57895.6 (46386.06 to 72260.93) 3.13 (0.45 to 5.80) 

∗ Values geometic mean C max and ��QTcF are presented as mean (90% CI). 
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nd QTc interval prolongation has been previously reported, with 

nother study indicating that C-peptide, released as part of the 

ounterregulatory response to elevated glucose levels, has the op- 

osite effect. 11 , 13 Thus, the observed first peak in ��QTcF in our 

tudy is likely to be a physiologic response to the PD effect of 

asiglucagon resulting from a complex interplay between glucose 

nd counterregulatory responses (eg, increases in insulin and C- 

eptide levels). Because neither insulin nor C-peptide were mea- 

ured in the initial 60 minutes after intravenous dosing, further 

esearch would be required to fully understand this interplay. 

The second peak of ��QTcF, when dasiglucagon plasma con- 

entrations were near 0, was largely driven by a negative placebo 

esponse at 180 minutes postdose. It cannot be ruled out that the 

onsumption of a snack at 90 minutes may have also played a role, 

ecause food intake is known to influence the QT interval. 12 , 14 , 20 , 21 

owever, because plasma glucose levels were not measured be- 

ond 60 minutes postdosing, it is not possible to associate this sec- 
7 
nd peak in ��QTcF with elevated plasma glucose levels. Another 

otentially confounding variable is the onset of nausea and vom- 

ting 1.5 to 2.5 hours postdose. However, our data do not support 

 causal relationship between AEs of nausea and/or vomiting and 

Tc prolongation because only 4 of the 28 volunteers receiving an 

ntravenous injection of dasiglucagon and contributing to the by- 

ime point analysis experienced AEs of nausea and/or vomiting. 

It is important to note that even at high dose levels up to 

.5 mg, dasiglucagon did not exert a significant effect on HR. 

his is in contrast to evidence from preclinical studies suggesting 

hat pharmacologic levels of glucagon in the microgram to mil- 

igram range are associated with positive cardiac chronotropic ef- 

ects. 3 Clinical studies regarding cardiac effects of glucagon per- 

ormed in humans are few and limited to small, specific popula- 

ions of patients with heart failure. These studies also lacked con- 

rol groups and were performed without randomization and blind- 

ng, and interindividual differences typically exceed 50%. 3 Taken 

ogether, these factors make results from available clinical stud- 

es difficult to interpret. Generally, the stimulating effects of supra- 

hysiologic doses of glucagon ( > 1 mg) in humans do not exceed 20 

inutes and increase HR to varying degrees. 3 The lack of any ob- 

erved chronotropic effect with high doses of a novel hypoglycemia 

escue agent is particularly reassuring for a patient population at 

ncreased risk for cardiovascular morbidity and mortality. 

This study assessed the potential effect of dasiglucagon on 

he QT interval in healthy volunteers. The intravenous route of 

dministration was chosen to increase the time between ECG 

xtractions and the onset of nausea and vomiting expected 

o occur 2 to 3 hours after drug administration. An effect of 

asiglucagon on ��QTcF exceeding 10 ms was excluded in the 

bserved intravenous administration concentration range up to 
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30,0 0 0 pmol/L. It is important to note that there were a limited 

umber of observations (n = 6) in the concentration range of 

 30,0 0 0 to 80,0 0 0 pmol/L dasiglucagon. Taken together with the 

bserved minor QTc prolongation, it may be necessary to interpret 

ata in this high concentration range with caution. However, 

uch high concentrations far exceed the maximum concentrations 

50 0 0–60 0 0 pmol/L) observed in any clinical trial with 0.6 mg 

asiglucagon administered as the approved single subcutaneous 

ose. This would also be the case should, as specified in the 

rescribing information, an additional dose be required 15 minutes 

fter the first dose due to the absence of a response. 22 Other 

imitations in this study include a small number of participants 

nrolled in the subcutaneous administration cohort to determine 

bsolute bioavailability and lack of a positive control. Although 

CH E14 revision R3 allows for concentration-response analyses 

o be performed on data from trials conducted without a positive 

ontrol, 10 this study could have been strengthened by including a 

irect measure of assay sensitivity or an active comparator arm to 

nhance the confidence with which clinically relevant differences 

n QT prolongation were detected. This therapeutic agent was also 

ssessed in a highly controlled investigational inpatient setting, 

hich may not fully reflect real-world settings and outcomes. 

The strengths of this study include multiple trial design ele- 

ents to deal with potential bias, including randomization, blind- 

ng, and use of a concurrent placebo control group. ECG data were 

nalyzed at a central ECG laboratory in a blinded manner and in- 

luded a methods bias sensitivity analysis. 17 The purpose of this 

nalysis was to determine whether the expert precision QT method 

sed to evaluate QTc introduced a negative bias that could have 

nderestimated QT prolongation. Concentration-QTc analysis was 

ased on a robust modeling approach, and ECG data were derived 

rom continuous, replicate ECGs captured at multiple time points 

ostdosing. An important problem to address in QT interval mea- 

urement is intrinsic variability, which can result from several fac- 

ors, including posture changes and food intake. Intrinsic variability 

as minimized in this study by collecting multiple ECGs at both 

aseline and several time points postdosing while volunteers were 

n a supine position and by regulating ingestion of food. 

onclusions 

Dasiglucagon was generally safe in healthy volunteers, even at 

oses up to 1.5 mg IV. The most frequently reported TEAEs were 

ausea and vomiting, which are known side effects that occur with 

lucagon receptor agonism. No effect on vital signs, safety labora- 

ory parameters, or antidasiglucagon-induced or -boosted antibody 

ormation was observed in study volunteers. PK properties of in- 

ravenous dasiglucagon were predictable across a wide dose range 

0.03–1.5 mg), and dasiglucagon had no clinically relevant effects 

n studied ECG parameters. Therefore, an effect of dasiglucagon on 

�QTcF exceeding 10 ms was excluded in the observed concen- 

ration range up to ≈30,0 0 0 pmol/L, a level 5-fold higher than the 

ighest observed plasma concentrations in clinical trials investigat- 

ng use of the approved 0.6 mg SC dose. 
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