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AbsTrACT
Objectives reperfusion immediately after reopening 
of the infarct-related artery in st-segment elevation 
myocardial infarction (steMi) may cause myocardial 
damage in addition to the ischaemic insult (reperfusion 
injury). the gap junction modulating peptide danegaptide 
has in animal models reduced this injury. We evaluated 
the effect of danegaptide on myocardial salvage in 
patients with steMi.
Methods in addition to primary percutaneous coronary 
intervention in steMi patients with thrombolysis in 
myocardial infarction flow 0–1, single vessel disease 
and ischaemia time less than 6 hours, we tested, in a 
clinical proof-of-concept study, the therapeutic potential 
of danegaptide at two-dose levels. Primary outcome 
was myocardial salvage evaluated by cardiac Mri after 
3 months.
results From november 2013 to august 2015, a 
total of 585 patients were randomly enrolled in the 
trial. imaging criteria were fulfilled for 79 (high dose), 
80 (low dose) and 84 (placebo) patients eligible for 
the per-protocol analysis. Danegaptide did not affect 
the myocardial salvage index (danegaptide high 
(63.9±14.9), danegaptide low (65.6±15.6) and control 
(66.7±11.7), P=0.40), final infarct size (danegaptide 
high (19.6±11.4 g), danegaptide low (18.6±9.6 g) and 
control (21.4±15.0 g), P=0.88) or left ventricular ejection 
fraction (danegaptide high (53.9%±9.5%), danegaptide 
low (52.7%±10.3%) and control (52.1%±10.9%), 
P=0.64). there was no difference between groups with 
regard to clinical outcome.
Conclusions administration of danegaptide to patients 
with steMi did not improve myocardial salvage.
Trial registration number nct01977755; Pre-results.

InTrOduCTIOn
In patients with ST-segment elevation myocardial 
infarction (STEMI), the recommended therapy 
is primary percutaneous coronary intervention 
(PCI).1 Although acute restoration of myocardial 
blood flow is overall beneficial, it may in itself jeop-
ardise the myocardium. This phenomenon, known 
as reperfusion injury, may account for up to 50% 

of myocardial infarct size, a major determinant of 
prognosis in patients with STEMI.2 

A number of therapeutic interventions have been 
suggested to attenuate the extent of reperfusion 
injury.3 These are referred to as cardioprotective 
reperfusion strategies, and in experimental settings, 
several compounds have proven efficacious.3 
However, although successful also in smaller sized 
surrogate trials, no compound has proven successful 
on clinical outcome.4 5 It has therefore been difficult 
to translate explorative results into specific treatment 
modalities, and well-documented cardioprotective 
strategies are still missing.

Connexin-43 is a major component of gap junc-
tions that propagate signalling from cell to cell. 
Connexin-43 promotes ischaemic preconditioning 
and has also been shown to protect cardiomyocyte 
mitochondria.6 The dipeptide danegaptide increases 
gap junctional conductance by interaction with 
connexin-43.7 It reduces myocardial infarct sizes in 
dogs and pigs ischaemia reperfusion models.8 There-
fore, danegaptide could be a relevant candidate to 
address reperfusion injury in human.9

In addition to PCI in patients with STEMI, we 
tested, in a phase two clinical proof-of-concept 
study, the effect of danegaptide administered at two 
different dose levels relative to placebo on myocar-
dial salvage.

MeThOds
Between November 2013 and August 2015, 
585 patients with STEMI were enrolled into a single-
centre, double-blinded, randomised, placebo-con-
trolled trial to investigate the efficacy and safety of 
danegaptide at two different dose levels to patients 
undergoing PCI.

Patients underwent standard treatment provided 
to patients with STEMI undergoing PCI at Copen-
hagen University Hospital Rigshospitalet, Denmark, 
in addition to the experimental treatment.

The trial (EudraCT number 2013-002312-27) was 
conducted in accordance with Declaration of Helsinki 
and International Conference on Harmonisation 
Good Clinical Practice. The trial is registered at  Clin-
icalTrials. gov, registration number NCT01977755. 
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Zealand Pharma A/S, Denmark, funded the study and supplied the 
study drug.

sTudy pOpulATIOn And TrIAl desIgn
Patients ≥18 years presenting with  symptoms within 12 hours 
of onset were eligible. STEMI was defined by one of following 
findings at ECG: (A) minimum 0.2 mV ST-segment elevation in 
two or more leads (V1–V4), (B) new left bundle branch block 
with minimum of 0.1 mV concordant ST segment elevation, (C) 
minimum 0.1 mV ST-segment elevation in two or more limb 
leads (II, III and aVF, I, aVL), (D) minimum 0.1 mV ST-segment 
elevation in two or more leads (V4-V6). All patients provided 
informed consent prior to any trial-related procedures. Patients 
were excluded if in cardiogenic shock within 24 hours prior to 
randomisation, had been administered thrombolytics, had prior 
revascularisation in the same coronary artery as present culprit, 
needed a staged treatment of coronary artery disease or other 
procedures to treat heart disease, had known malignancy with a 
life expectancy of less than 2 years or if they had contraindica-
tion to cardiac MRI (CMR).

Patients were randomised before angiography to ensure early 
initiation of danegaptide infusion and thus obtain sufficient 
plasma concentration at the time of reperfusion. Sequentially 
numbered containers were used. All persons involved in the study 
were blinded to the allocated treatment. All patients fulfilling 
imaging criteria received CMR at day 2 and at a follow-up visit 
90 days after the PCI.

Patients with thrombolysis in myocardial infarction (TIMI) 
flow grades 2–3 at admission had already experienced reperfu-
sion and did not qualify for the imaging per-protocol (PP) popu-
lation. Renal function should correspond to eGFR >30 mL/
min, and other lesions than the culprit should angiographically 
be <70% in larger coronaries to avoid possible remote precon-
ditioning from ischaemia behind these stenoses. Finally, in the 
imaging population, there should be less than 6 hours between 
onset of symptoms and successful PCI. The PP population was 
strictly prespecified and unchanged during the course of the 
study.

Follow-up visits took place after 2 weeks (telephone visit) after 
approximately 30 days (local hospital follow-up) and finally 
after 90 days at the index hospital (Rigshospitalet).

Randomisation continued to ensure that at least 195 patients 
would receive the day 2 CMR. The PP population for the 
primary analysis consisted of patients who had data available 
for calculation of the primary efficacy endpoint and no critical 
protocol violations. The trial was closed after all patients had 
completed day 90 visit.

Separate assessment of patients with TIMI flow 2–3, other 
stenosis >70% and time of ischemia >6 hours from the primary 
efficacy analysis population is an enrichment strategy in line 
with recent recommendations on phase 2 trials in prevention of 
reperfusion injury.10

sTAndArd TreATMenT
Patients were pretreated with aspirin (300 mg orally or 500 mg 
intravenous), heparin (10.000 units intravenous) and either 
prasugrel (60 mg orally), ticagrelor (180 mg orally) or clopido-
grel (600 mg orally). Bivalirudin was preferably administered 
before PCI if no contraindications were present. Treatment with 
glycoprotein IIb/IIIa inhibitors was allowed at the discretion 
of the operator. Additional heparin could be administered to 
maintain activated clotting time (ACT) >250 s. In all patients, 

drug-eluting stent implantation was recommended. All patients 
received 12 months of dual antiplatelet therapy.

experIMenTAl TreATMenT
Patients were treated with danegaptide low dose (intravenous 
2.5 mg bolus injection followed by 7.5 mg infused over 6 hours), 
danegaptide high dose (intravenous 7.5 mg bolus injection 
followed by 22.5 mg infused over 6 hours) or placebo. Bolus 
injections were administered at least 10 min prior to the PCI 
procedure. The infusion was administered over 6 hours, starting 
no later than 15 min after the bolus injection.

The selection of doses was based on extrapolation of the effi-
cacious doses in a porcine model of ischaemia reperfusion injury8 
and modelling using pharmacokinetic parameters obtained from 
two phase 1 trials with danegaptide (data not published). The 
duration of infusion was 6 hours to allow continuous exposure 
during the PCI procedure and the first hours after revascularisa-
tion to optimise chances of tissue salvage.

At the end of the procedure and after 7–12 hours, blood 
samples were drawn to analyse plasma danegaptide.

endpOInTs
primary endpoint
The primary endpoint was mean myocardial salvage index (MSI) 
evaluated at day 90. MSI was defined as (area at risk – final infarct 
size)/area at risk. Area at risk (AAR) was assessed as oedema visu-
alised by CMR using T2-weighted short tau inversion-recovery 
sequence at day 2. Final infarct size was assessed as hyperen-
hanced myocardial tissue using gadolinium-enhanced images at 
day 90. The CMR was performed as previously described.11 
If the AAR by CMR was different across the three treatment 
arms, it could be claimed that danegaptide potentially influenced 
AAR. An alternative method for assessing the AAR endpoint was 
therefore based on the modified Alberta Provincial Project for 
Outcome Assessment in Coronary Heart Disease (APPROACH) 
score as derived from coronary angiography performed shortly 
before PCI.12 The assessment was performed blinded by two 
independent investigators. In case of discordant assessment, the 
investigators reached a consensus agreement.

secondary CMr endpoints
Key secondary CMR endpoints included: absolute infarct size 
(day 2 and day 90), left ventricular ejection fraction (LVEF) (day 
2 and day 90) and microvascular obstruction by CMR at day 2.

non-imaging endpoints
Non-imaging endpoints were measured on all patients and 
included arrhythmias, ST-segment resolution by ECG at 60 min 
after PCI and fraction of patients having ≥70% ST-segment reso-
lution at 60 min, area under the curve for cardiac biomarkers 
for creatine kinase-MB and Troponin T (TnT) calculated for 
the 48 hours period after PCI. Clinical endpoints comprised 
all-cause mortality, cardiac death, heart failure and reinfarc-
tion. Heart failure was assessed as new onset or worsening heart 
failure during index admission or readmission for heart failure 
during the 90-day follow-up.

safety endpoints
Safety signals were monitored blinded by an independent Data 
Safety Monitoring Board.

A Clinical Events Committee was responsible for adjudi-
cation of major adverse clinical events (cardiac death, new or 
worsening heart failure during the initial hospitalisation and 
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rehospitalisation due to heart failure) as well as selected safe-
ty-related events relevant for the indication (myocardial rein-
farction, stent thrombosis and stroke).

sample size and statistical analysis
Sample size was calculated from  the assumption that the MSI 
in the placebo-treated patients would be 0.62 and that danegap-
tide would improve MSI by 15% giving to 0.71.13 With a power 
of 80%, type 1 error of 5%, common SD of 0.16, a minimum 
sample size of 51 patients per imaging group was required. It 
was assumed that 75% of the randomised patients with CMR 
scan at day 2 after PCI would complete day 90 CMR scan and 
be eligible for the primary analysis. This implied 70 patients per 
treatment arm, amounting a total of 210 patients with day 2 
CMR scan. The 210 patients with day 2 CMR scan and the addi-
tional requirements of pre-PCI TIMI flow 0/1 and <70% stenosis 
in other vessels and less than 6 hours of ischaemia was thus the 
essential sample size. Approximately 35% of randomised patients 
were expected to fulfil these requirements, corresponding to 600 
patients randomised.

The assumption that 75% of the patients would complete both 
the day 2 and day 90 CMR was after monitoring the drop-out 

rate changed to at least 80%. Thus, the target number of patients 
with day 2 CMR scan was reduced to 195 patients, which would 
still ensure at least 51 patients per treatment group for the 
primary analysis.

Statistical analyses (SAS software, V.9.4) were performed on 
two distinct analysis populations. The full analysis set comprised 
all intention-to-treat patients who received (1) at least one dose 
of trial drug and (2) had at least one valid postbaseline efficacy 
endpoint. The primary analysis of the primary efficacy parameter 
was based on the per-protocol (PP) population. The PP popula-
tion for the primary analysis consisted of patients who had data 
available for calculation of the primary efficacy endpoint and no 
critical protocol violations.

The MSI as well as the APPROACH score and other imaging 
endpoints were analysed using an analysis of covariance model 
with treatment group, gender and TIMI 0–1 pre-PCI as indepen-
dent factors and relative infarct size at baseline together with age 
as covariates. Final infarct size was analysed in a simple linear 
regression on AAR at baseline, with the regression depending on 
treatment group.

For the PP population, baseline characteristics were 
compared across the treatment arms using the Wilcoxon test in 

Figure 1 Consort flow chart. AAR, area at risk; CMR, cardiac MRI; FAS, full analysis set; PP, per protocol.
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the continuous and Fisher’s exact test in the categorical case. 
Similar procedures were used to compare baseline characteris-
tics between the PP and the non-PP groups. Overall occurrences 
of adverse events and deaths were compared using a Poisson 
assumption.

resulTs
study population
Between November 2013 and December 2015, 585 patients 
were randomised to high dose danegaptide (n=184), low dose 
danegaptide (n=206) or placebo (n=195). Figure 1 shows the 
consort flow chart. All together 57 (high dose), 60 (low dose) 
and 52 (placebo) fulfilled the PP imaging criteria for analysis for 
the primary endpoint.

Baseline, angiographic and procedural characteristics are 
shown in table 1. The randomisation groups from the PP set 
were well balanced except from more patients being smokers 
in the danegaptide high dose arm (P=0.005). In the non-PP 
set, patients were older, had longer symptom to first medical 
contact, longer door to balloon, longer bolus drug administra-
tion (IMP) to first wire, longer time of ischaemia, more collateral 
flow, more thrombectomy and less stent implantation (table 1).

Plasma concentrations of danegaptide from all patients closely 
reflected the dose in the three treatment groups with the highest 
danegaptide concentration in the danegaptide high group (mean 
451±369 ng/mL) at the first time point, lower concentration 
in the danegaptide low group (mean 141±48.4 ng/mL) and no 
plasma danegaptide in the placebo group (figure 2).

Table 1 Baseline clinical, angiographic and procedural characteristics

Full analysis set (n=585) per-protocol set (n=169) 

p values*
danegaptide high
(n=184)

danegaptide low
(n=206)

placebo
(n=195)

danegaptide 
high
(n=57)

danegaptide 
low
(n=60)

placebo
(n=52)

Age (years) 60.5±11.6 60.0±11.1 61.0±10.9 57.0±10.5 57.3±9.1 56.0±9.7 0.776

BMI (kg/m2) 27.3±3.8 26.9±4.1 27.4±4.3 27.7±4.6 26.8±4.3 27.6±4.2 0.560

Male 145 (78.8) 160 (77.7) 146 (74.9) 46 (80.7) 47 (78.3) 45 (86.5) 0.509

Current smokers 83 (45.1) 87 (42.2) 80 (41.0) 34 (59.6) 20 (33.3) 17 (32.7) 0.005

Killip Class I 178 (96.7) 198 (96.6) 192 (98.5) 56 (98.2) 60 (100.0) 52 (100.0) 0.645

Diabetes mellitus 16 (8.7) 22 (10.7) 23 (11.8) 4 (7.0) 5 (8.3) 6 (11.5) 0.747

Family history of IHD 70 (38.0) 82 (39.8) 79 (40.5) 24 (42.1) 27 (45.0) 24 (46.2) 0.924

History of stroke 5 (2.7) 7 (3.4) 12 (6.2) 3 (5.3) 0 (0.0) 3 (5.8) 0.142

Hypercholesterolaemia 31 (16.8) 28 (13.6) 35 (17.9) 7 (12.3) 11 (18.3) 4 (7.7) 0.265

Hypertension 70 (38.0) 61 (29.6) 79 (40.5) 24 (42.1) 13 (21.7) 15 (28.8) 0.054

Symptoms to first medical contact time 
(h)

0.9 (0.0–10.6) 0.9 (0.0–9.8) 1.0 (0.0–31.2) 0.8 (0.0–4.3) 0.9 (0.0–4.1) 1.0 (0.0–4.2) 0.721

First medical contact to hospital arrival 
(h)

1.1 (0.2–4.3) 1.1 (0.0–22.3) 1.2 (0.1–4.0) 1.0 (0.2–4.3) 1.0 (0.4–2.2) 1.0 (0.3–4.0) 0.747

Door-to-balloon time (h) 0.5 (0.2–1.9) 0.5 (0.2–2.6) 0.5 (0.2–3.0) 0.5 (0.2–1.9) 0.4 (0.3–2.6) 0.5 (0.3–1.6) 0.400

Bolus IMP to first wire (h) 0.3 (0.1–1.3) 0.3 (0.1–1.2) 0.3 (0.2–0.9) 0.3 (0.2–0.8) 0.3 (0.2–0.6) 0.3 (0.2–0.8) 0.135

Total ischaemic time (h) 2.6 (1.2–12.7) 2.6 (0.7–10.0) 2.7 (1.2–32.7) 2.4 (1.2–5.8) 2.4 (1.3–5.9) 2.8 (1.2–5.9) 0.626

  Total ischaemic time <2 houra 38 (23.2) 41 (21.8) 35 (19.1) 13 (22.8) 15 (25.0) 12 (23.1) 0.464

  Total ischaemic time 2–<3 hours 62 (37.8) 74 (39.4) 70 (38.3) 28 (49.1) 23 (38.3) 16 (30.8)

  Total ischaemic time 3–<4 hours 23 (14.0) 32 (17.0) 32 (17.5) 7 (12.3) 13 (21.7) 13 (25.0)

  Total ischaemic time 4–<6 hours 29 (17.7) 27 (14.4) 32 (17.5) 9 (15.8) 9 (15.0) 11 (21.2)

  Total ischaemic time >6 hours 12 (7.3) 14 (7.4) 14 (7.7) 0 (0.0) 0 (0.0) 0 (0.0)

Left anterior infarct 76 (41.3) 80 (38.8) 83 (42.6) 26 (45.6) 26 (43.3) 28 (53.8) 0.820

Left circumflex infarct 22 (12.0) 23 (11.2) 35 (17.9) 5 (8.8) 7 (11.7) 4 (7.7)

Right coronary infarct 68 (37.0) 86 (41.7) 70 (35.9) 26 (45.6) 27 (45.0) 20 (38.5)

Collateral flow (Rentrop grade 2/3) 9 (4.9) 9 (4.4) 11 (5.6) 2 (3.5) 5 (8.3) 1 (1.9) 0.310

TIMI grade 3 after procedure 156 (95.7) 183 (96.8) 179 (97.8) 56 (98.2) 60 (100.0) 50 (96.2) 0.204

Thrombectomy 70 (41.7) 76 (40.2) 82 (43.6) 28 (49.1) 29 (48.3) 26 (50.0) 1.000

Stent implantation 151 (89.9) 168 (88.9) 169 (89.9) 56 (98.2) 58 (96.7) 52 (100.0) 0.775

Medical therapy at discharge

  ACE inhibitor 66 (36) 76 (37) 72 (37)

  Beta blocking agents 178 (97) 193 (94) 195 (100)

  Acetylsalicylic acid 184 (100) 205 (100) 195 (100)

  Clopidogrel 21 (11) 20 (10) 26 (13)

  Prasugrel 53 (29) 76 (37) 68 (35)

  Ticagrelor 104 (57) 107 (52) 98 (50)

  Statins 176 (96) 196 (95) 190 (97)

Data are presented as mean±SD, median (range) or N (%), unless otherwise indicated. 
*P values for test of equality across treatment arms in the PP set are derived from the Wilcoxon test or Fisher’s exact test. 
BMI, body mass index; h, hours; IHD, ischaemic heart disease; IMP, investigational medicinal product; N, number of patients; TIMI, thrombolysis in myocardial infarction. 
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primary endpoint
The result of the primary endpoint is shown in table 2. MSI 
was approximately 60%–65%, and no significant differences 
between allocation groups were found (P=0.40) or variant MSI 
(P=0.64). Due to one extreme outlier, the mean of the AAR as 
evaluated by CMR as well as by modified APPROACH score was 
numerically larger in the control group (table 2).

In a regression analysis of infarct size plotted against AAR, the 
lines for the three treatment groups were indifferent (P>0.05, 
figure 3). In all groups, the infarct size correlated with AAR 
(control: r2=0.753, P<0.0001, danegaptide high: r2=0.496, 
P<0.0001 and danegaptide low: r2=0.407, P<0.0001).

secondary endpoints
Secondary CMR endpoints did not reveal significant differ-
ences between assignment groups (table 2), nor did non-im-
aging secondary endpoints (AUCCKMB,48 (danegaptide high 
(3830±2749 µg×h/L), danegaptide low (3468±2499 µg×h/L) 
and control (3246±2621 µg×h/L), P=0.13); AUCTnT,48, 
(danegaptide high (167 568±156 757 ng×h/L), danegap-
tide low (175 173±161 646 ng×h/L) and control 

(164000±1 70 992 ng×h/L), P=0.82); presence of 70% ST-seg-
ment resolution after 60 min (danegaptide high 89 patients 
(65.4%), danegaptide low 104 patients (68.0%) and control 93 
patients (61.6%), P=0.51)).

There was no difference between groups with regard to 
all-cause mortality (1.6%, 1.5%, 2.1%, P=0.90), cardiac death 
(1.6%, 1.5%, 2.1%, P=0.90), reinfarction (0.5%, 1.0%, 1.0%, 
P=0.66) after 90 days or development of heart failure (7.1%, 
4.9%, 4.1%, P=0.44).

safety endpoints
Danegaptide was well tolerated. Few side effects were reported. 
All adverse events, serious adverse events or deaths were not 
different between groups (table 3).

dIsCussIOn
The present study investigated the effect of two doses of danegap-
tide as adjuvant therapy to primary PCI in patients presenting 
with STEMI and TIMI flow 0–1 within 6 hours of symptom 
debut. The trial was adequately sized for its purpose. The primary 

Figure 2 Danegaptide concentrations at end of PCI procedure 
and 7–12 hours after PCI procedure. PCI, percutaneous coronary 
intervention.

Table 2 Outcomes evaluated with cardiac MRI

Full analysis set set (n=169)

p valuesdanegaptide high (n=57) danegaptide low (n=60) placebo (n=52)

CMR AAR (%LV) 35.6±10.8 37.4±11.4 39.2±13.8 0.333

CMR AAR (g) 54.7±24.3 55.4±21.5 64.4±40.0 0.460

Acute infarct size (%LV) 21.7±10.6 21.2±9.7 24.2±13.0 0.575

Acute infarct size (g) 33.5±20.4 33.5±20.4 33.5±20.4 0.416

Final infarct size (%LV) 14.0±7.1 13.7±6.7 15.4±7.7 0.950

Final infarct size (g) 19.6±11.4 18.6±9.6 21.4±15.0 0.880

Presence of MVO 40 (72.7) 39 (67.2) 37 (72.5) 0.638

LVEF 90 days (%) 53.9±9.5 52.7±10.3 52.1±10.9 0.638

MSI 63.9±14.9 65.6±15.6 66.7±11.7 0.395

Modified APPROACH score 26.8±11.0 27.7±11.4 30.4±11.4 0.147

Variant MSI 42.2±33.9 45.4±28.5 45.7±33.6 0.637

Data are presented as mean±SD or n (%).
MSI calculated as: (CMR AAR (g) – final infart size (g))/CMR AAR (g).
Variant MSI calculated as: (modified APPROACH (%) – final infarct size (%))/modified APPROACH (%).
P value derived from the Kruskal-Wallis non-parametric test excluding one extreme outlier.
AAR, area at risk; CMR, cardiac MRI; LV, left ventricle; LVEF, left ventricular ejection fraction; MSI, myocardial salvage index; MVO, Micro Vascular Obstruction.

Figure 3 Final infarct size as a function of AAR. Infarct size correlated 
well with AAR for all treatment groups (control: r2=0.753, P< 0.0001, 
danegaptide high: r2=0.496, P<0.0001, danegaptide low: r2=0.407, 
P<0.0001). AAR, area at risk.
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endpoint, MSI by CMR, did not differ between treatment groups, 
and therefore, in this clinical proof-of-concept trial, we were not 
able to confirm results from promising preclinical experiments.8 
In STEMI, reperfusion may in itself jeopardise the myocardium,14 
and therefore, a relevant cardioprotective strategy should reduce 
cardiomyocyte damage and increase salvage. Since left ventricular 
function is pivotally dependent on vital myocardium, markers of 
the integrity of the left ventricle are important measures. However, 
in addition to the results of the primary endpoint LVEF, micro-
vascular obstruction and ST-segment resolution all remained indif-
ferent between the allocated groups. 

Previous pharmacological interventions have in small-sized 
proof-of-concept studies been shown to reduce reperfusion injury 
and improve myocardial salvage. These include exenatide,13 atrial 
natriuretic peptide,7 cyclosporine A,4 metoprolol15 and adenosin.16 
Connexin-43, the predominant connexin isoform myocytes, is 
found in three different locations: (1) as the constituent protein 
of gap junctions, which are essential for metabolic and electro-
chemical coupling between cardiomyocytes9; (2) non-junctional 
connexin-43 haemichannels are involved in volume regulation and 
contribute to the development of oedema during ischaemia/reper-
fusion17; and (3) connexin-43 has been identified in cardiomyocyte 
mitochondria. Preclinical studies indicate that opening of the mito-
chondrial permeability transition pore in the inner mitochondrial 
membrane plays a major role in reperfusion injury.18 Based on these 
mechanisms, connexin-43-modulating peptides like danegaptide 
should be potential candidates for cardioprotection in human.

However, there are several explanations for the neutral 
finding in the present study. Treatment dose regimen was 

based on extrapolation of the efficacious doses in animal 
models8 and human exposure from two phase 1 studies (data 
not shown) of danegaptide administered intravenously as 
a 24-hour infusion to healthy subjects. These investigations 
were mainly performed to evaluate side effects. In addition, 
reperfusion injury is established immediately and within 
minutes after reopening of the coronary artery19 and there-
fore any protecting compound should ideally be present in the 
target area (myocardium at risk) at the time of reperfusion. In 
the absence of sufficient collaterals (only 5% of patients had 
Rentrop 2–3 in the present study), and in the absence of ante-
grade flow (TIMI flow 0–1 by definition), arrival of danegap-
tide may succeed the reperfusion damage and consequently act 
to late.

A number of experimental studies have shown cardiopro-
tection from different compounds and techniques.3 However, 
no treatments have been implemented within the particular 
aspect of STEMI handling. This may be considered enigmatic 
per se, but it has to be remembered that differences exist 
between animal models and clinical settings. First, in contrast 
to human, animals are naive with regard to ischaemia, medica-
tion, comorbidity and risk factors. Second, in animal studies, 
AAR is large since these models use proximal or mid LAD 
occlusion to establish ischaemia, whereas in the present study, 
included arteries could be either LAD or other territories. 
Patients with small myocardium at risk may not benefit from a 
strategy that addresses reperfusion injury. Finally, events rates 
are decreasing in a modern STEMI era due to short transpor-
tation times, effective antiplatelet therapy and state of the art 

Table 3 Summary of adverse events (AEs)

danegaptide high (n=184)
n (%) e

danegaptide low (n=206)
n (%) e

placebo (n=195)
n (%) e

p values
Overall difference between
arms (poisson e/n)

All AEs 170 (92.4) 897 197 (95.6) 949 178 (91.3) 913 0.461

Deaths 3 (1.6) 3 3 (1.5) 3 4 (2.1) 4 0.899

Serious AEs 31 (16.8) 39 43 (20.9) 61 42 (21.5) 55 0.220

AEs leading to discontinuation 0 (0.0) 0 1 (0.5) 1 0 (0.0) 0

Severity of AEs

Mild 158 (85.9) 621 188 (91.3) 623 164 (84.1) 646

Moderate 91 (49.5) 252 105 (51.0) 283 100 (51.3) 245

Severe 15 (8.2) 24 27 (13.1) 43 16 (8.2) 22

Relationship

Possible 9 (4.9) 13 11 (5.3) 16 10 (5.1) 14

Probable 1 (0.5) 1 1 (0.5) 1 1 (0.5) 2

Unlikely 169 (91.8) 880 196 (95.1) 931 178 (91.3) 896

Not assessable 3 (1.6) 3 1 (0.5) 1 1 (0.5) 1

Most frequent AEs*

Blood creatinine increased 21 (11.4) 22 23 (11.2) 25 21 (10.8) 21

Chest discomfort 20 (10.9) 25 26 (12.6) 27 21 (10.8) 25

Chest pain 29 (15.8) 32 30 (14.6) 34 35 (17.9) 39

Constipation 19 (10.3) 20 25 (12.1) 27 22 (11.3) 22

Contusion 11 (6.0) 11 13 (6.3) 13 22 (11.3) 22

Dizziness 15 (8.2) 16 23 (11.2) 23 23 (11.8) 24

Dyspnoea 44 (23.9) 52 50 (24.3) 56 38 (19.5) 41

Fatigue 37 (20.1) 37 30 (14.6) 31 32 (16.4) 33

Headache 19 (10.3) 21 13 (6.3) 13 10 (5.1) 11

Hypotension 29 (15.8) 29 32 (15.5) 33 26 (13.3) 26

Insomnia 34 (18.5) 34 31 (15.0) 31 34 (17.4) 34

The DSMB met to review data safety packages non-blinded when day 30 data were available for 30, 200 and 400 patients.
*AEs included in the table are AEs reported by  ≥10% of patients in any treatment group. 
DSMB, Data Safety Monitoring Board; E, number of AEs; n, number of patients with AE; N, number of patients in safety analysis set; %, percentage of patients with AE.
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PCI. In general, patients treated with primary angioplasty have 
well preserved LVEF subsequently.20 Thus, any incremental 
effect of a new treatment may be difficult to obtain.

limitations
CMR in acute setting of STEMI may be cumbersome, since the 
sickest patients may defer acceptance. This introduces a risk of 
selection bias since patients at higher risk probably are more likely 
not to accept or complete CMR. The concentration of danegaptide 
may not have reached a therapeutic level, and thus administration 
of the drug already in the ambulance could have been favourable. 
However, since circulating levels matched expectations, this seems 
unlikely. AAR by T2-weighted imaging may vary the first 7 days 
after a STEMI and be reduced in 24 hours21 with a risk of under-
estimation of AAR. However, other studies find it unchanged 
within the first 7 days.22 Moreover, the size of AAR measured in 
the present study is in the same range as reported in other papers. 
We acknowledge the limitation of T2-weighted imaging, and for 
the same reason we also used angiography (modified APPROACH 
score). Thus, we feel quite convinced that any potential effect of 
danegaptide is not blunted by the use of T2-weighted imaging. 
Difference in the number of patients randomised to each group 
(184 vs 206 vs 195) is greater than 10%. Randomisation proce-
dures were prespecified and unchanged during the course of the 
study. The difference must to the best of our interpretation be due 
to chance.

COnClusIOn
Danegaptide did not improve myocardial salvage in patients with 
STEMI treated with primary PCI.

Key messages

What is already known on this subject?
 ► Reperfusion injury is still a matter of importance since 
patients who suffer this outcome from primary percutaneous 
coronary intervention end up with large final infarct sizes. In 
addition, despite promising animal studies, no single agent 
has been approved for this indication.

What might this study add?
 ► The study could not confirm that the gap junction modulating 
peptide danegaptide reduces reperfusion injury in human  
ST-segment elevation myocardial infarction (STEMI).

how might this impact on clinical practice?
 ► As reperfusion injury is a complex pathophysiological 
incidence in STEMI, with a poor prognosis, it cannot be 
excluded that addressing other targets pharmaceutically 
could be beneficial.
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