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This Clinical Study Synopsis is provided for patients and healthcare professionals to increase 
the transparency of Bayer's clinical research. This document is not intended to replace the 
advice of a healthcare professional and should not be considered as a recommendation. 
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Healthcare Professionals should always refer to the specific labelling information approved for 
the patient's country or region. Data in this document or on the related website should not be 
considered as prescribing advice. 
The study listed may include approved and non-approved formulations or treatment regimens. 
Data may differ from published or presented data and are a reflection of the limited information 
provided here. The results from a single trial need to be considered in the context of the totality 
of the available clinical research results for a drug. The results from a single study may not 
reflect the overall results for a drug. 
 
 
 
 
 
The following information is the property of Bayer HealthCare. Reproduction of all or part of 
this report is strictly prohibited without prior written permission from Bayer HealthCare. 
Commercial use of the information is only possible with the written permission of the proprietor 
and is subject to a license fee. Please note that the General Conditions of Use and the Privacy 
Statement of bayerhealthcare.com apply to the contents of this file. 
 

 



  
Clinical Trial Results Synopsis 

 Study No. 11615 Page: 1 of 15 
 

Date of study report: 02 JUN 2008 

Study title: Proof of concept study to investigate the impact of BAY 58-2667 given 

intravenously in patients with acute decompensated chronic congestive heart 

failure  

Sponsor’s study 
number: 

11615 

NCT number: Not applicable 

EudraCT number: 2005-004473-14 

Sponsor: Bayer HealthCare 

Clinical phase: Phase II 

Study objectives: Part A  

Primary objective  

 To investigate the hemodynamic and subjective effects on dyspnea as 

well as well-being of the subjects following 3 intravenous (IV) doses of 

BAY 58-2667 given over 2 h per dose step in a dose escalation manner.  

Secondary objectives  

 To investigate the safety, tolerability, pharmacodynamics (PD), and 

pharmacokinetics (PK) of the respective dose levels.  

Part B  

Primary objective  

 To investigate the hemodynamic effects of BAY 58-2667 given IV over 

6 h.  

Secondary objectives  

 To investigate the safety, tolerability, PD, PK, and subjective effects on 

dyspnea of the respective dose levels of BAY 58-2667. 

Test drug: Cinaciguat (BAY 58-2667) 

Name of active 
ingredient(s): 

Cinaciguat  

Dose: Part A 

Doses (D) for Cohort 1: D1=50 µg/h/, D2=100 µg/h/, D3=200 µg/h/subject 

for 2 h per dose step, i.e., 6 h total infusion duration. 

Doses for Cohort 2: D4=100 µg/h/, D5=200 µg/h/, D6=400 µg/h/subject for 

2 h per dose step, i.e., 6 h total infusion duration. 

Planned Cohort 3 was skipped and dosing for Part B started based on the 

results of Cohort 1 and 2. 
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 Part B: Doses were 100, 200, 400 µg/h/subject (or lower doses following 

the 100 µg/h starting dose depending on systolic blood pressure [SBP]) for 

2 h per dose step, i.e., 6 h total infusion duration. 

Route of  
administration: 

IV infusion of solution of BAY 58-2667 

Duration of treatment: In each cohort, infusion duration was of 2 h at each dose level and a total 

infusion duration of 6 h per subject 

Reference drug: Not applicable 

Background treatment: The basic medication given during the run-in phase consisted of inhalative 

oxygen, diuretics, and morphine, if required. 

Indication: Decompensated chronic congestive heart failure (CHF) 

Diagnosis and main 
criteria for inclusion: 

 Critically ill subjects, male (older than 18 years) and female (older than 

55 years), admitted to hospital with decompensated chronic CHF and 

clinical indication for parenteral pharmacotherapy with invasive 

hemodynamic monitoring and a Pulmonary capillary wedge pressure 

(PCWP) of ≥18 mmHg.  

 Postmenopausal female subjects or women without child bearing 

potential based on surgical treatment like bilateral tubal ligation, bilateral 

ovariectomy, or hysterectomy. 

Study design: This was a multicenter, open-label study comprising of 2 parts (Parts A and 

B). Part A consisted of 2 cohorts (Cohort 1 and 2), where BAY 58-2667 was 

given intravenously over 2 h per dose step, for a total of 6 h, in a dose 

escalation manner in each cohort. For Part B, starting dose level of 

BAY 58-2667 was the optimal dose chosen from Part A. Dose titration in an 

individual subject in both Part A and B was stopped or the dose reduced 

once SBP had fallen below the target blood pressure of 100 mmHg. 

Methodology: For each subject the study included a run-in phase in which subjects were 

admitted to the hospital. Primary diagnostic procedures, indication for the 

treatments, and selection for the participation in this trial was done along 

with administration of basic medication. Run-in phase was followed by an 

investigational part where baseline measurements were taken and study drug 

administered. For treatment, subjects either entered Part A (Cohort 1or 2) or 

Part B and received IV infusion of study drug in a dose-escalation manner 

depending on cohort or part of the study as described above. The 

investigational part of the study ended 8 h after the start of infusion of the 

study drug with additional safety measurements about 24 h thereafter. The 

planned duration of the study was about 3 months for Part A and 4 months 

for Part B.   

Hemodynamic measurements and blood sampling (PK) were done at the 

following time points: 

 At the end of run in: Baseline measurement: 0d00 
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 Thereafter 0.5, 1.0, and 2.0 h after each dose step, i.e., 

 D1: 0d00:30, 0d01, 0d02 

 D2: 0d02:30, 0d03, 0d04 

 D3: 0d04:30, 0d05, 0d06 

 After stop of infusion: 0d06:30, 0d07, 0d08. 

The same schedule was applicable for Cohort 2 and Part B.  

In case the dose was not changed at 0d02 and 0d04, the measurements at 

0d02:30 and 0d04:30 were skipped in Part B.  

Blood sampling for biochemical analyte measurement was done up to 24 h 

after start of infusion. 

Two days after administration of study drug or before discharge from 

hospital, a follow-up was performed.  

Safety and tolerability of investigational product were monitored throughout 

the study. 

Study center(s): The study was conducted at 7 centers in Germany. 

Publication(s) based on 
the study (references): 

Lapp H, Mitrovic V, Franz N, Heuer H, Buerke M, Wolfertz J, et al. BAY 

58–2667, a soluble guanylate cyclase activator, improves cardiopulmonary 

haemodynamics in acute decompensated heart failure and has a favourable 

safety profile. BMC Pharmacol. 2007;7(Suppl 1): S9. 

Lapp H, Mitrovic V, Franz N, Heuer H, Buerke M, Wolfertz J, et al. 

Cinaciguat (BAY 58-2667) improves cardiopulmonary hemodynamics in 

patients with acute decompensated heart failure. Circulation. 2009 Jun 

2;119(21):2781-8. 

Boerrigter G and Burnett JC Jr. Soluble guanylate cyclase: not a dull 

enzyme. Circulation. 2009 Jun 2;119(21):2752-4. 

Study period: Study Start Date: 03 MAY 2006 

 Study Completion Date: 21 MAY 2007 

Early termination: Not applicable 

Number of subjects: Planned: 30 subjects in Part A (10 subjects in each 

planned 3 cohorts); 30 subjects in Part B 

Analyzed:  60 subjects (27 subjects in Part A [12 in 

Cohort 1 and 15 in Cohort 2] and 

33 subjects in Part B) 

Criteria for evaluation  

Efficacy:  Not applicable 

Safety: Subjective tolerability was evaluated by recording of AEs. AEs were  
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 classified according to their seriousness, severity (mild, moderate, severe), 

relationship to investigational product. The AEs were coded using Medical 

Dictionary for Regulatory Activities (MedDRA) Version 8.1. The objective 

tolerability was evaluated by the incidence of abnormal findings in 

measurements of vital parameters (HR and blood pressure), ECG, and 

laboratory findings (hematology, clinical chemistry). 

Clinical pharmacology: Pharmacodynamics: 

Primary PD parameter 

 Pulmonary capillary wedge pressure (mmHg)  

Secondary PD parameters: 

 Subjective dyspnea and well-being score (7-point Likert Scale) 

 Hemodynamic measurements 

 Swan-Ganz hemodynamics 

 Measured: Mean right atrial pressure (RAPmean, mmHg); systolic, 

diastolic, and mean pulmonary artery pressure (PAPsyst, PAPdiast, 

PAPmean), HR, cardiac output (CO); systemic blood pressure, i.e., 

systolic, diastolic blood pressure and mean arterial pressure (SBP, 

DBP, MAP) 

 Calculated: Pulmonary vascular resistance (PVR); pulmonary 

vascular resistance index (PVRI); systemic vascular resistance (SVR); 

systemic vascular resistance index (SVRI); cardiac index = CO/body 

surface area (BSA) 

 Impedance cardiography: Stroke volume (SVimp), cardiac output 

(COimp), heart rate (HRimp), cardiac index  

 Biochemical parameters: Noradrenaline, adrenaline, N-terminal ANP, N-

terminal BNP, cyclic guanosine monophosphate (cGMP), and plasma 

renin activity (PRA)  

 Functional classification according to NYHA (New York Heart 

Association)  

Pharmacokinetics: 

Primary PK parameters (for both Part A and B) 

 Drug concentration in plasma after 2,4, and 6 h of start of infusion 

(C_2 h, C_4 h, and C_6 h); area under curve (AUC) from time 0-2 h, 

2-4 h, and 4-6 h after start of infusion (AUC0-2, AUC2-4, and AUC4-6); 

and AUC0-2, AUC2-4, and AUC4-6 divided by dose (AUC0-2/D, AUC2-4/D, 

and AUC4-6/D)  

Secondary PK parameters (for both Part A and B) 

 Area under the plasma concentration vs time curve from zero to infinity  
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 after single dose (AUC), AUC divided by dose per kg body weight  

 (AUCnorm), AUC from time 0 to the last data point (AUC0-tn), maximum 

drug concentration in plasma after single dose (Cmax), maximum drug 

concentration in plasma after single dose administration divided by dose 

(mg) per kg body weight (Cmax,norm), mean residence time after an IV 

administration (MRTiv), time to reach maximum drug concentration in 

plasma after single dose (tmax), half-life associated with the terminal 

slope (t1/2), total body clearance of drug from plasma calculated after IV 

administration (CL), apparent volume of distribution at steady state 

(Vss), and apparent volume of distribution during terminal phase (Vz). 

Statistical methods: Analysis sets 

All subjects who pass the intended dosage regimens over the complete 

period of 6 h without major changes vs protocol were included in the 

evaluation of pharmacodynamics.  

All subjects with valid pharmacokinetic data were included in the evaluation 

of pharmacokinetics. 

All subjects who received at least one dose of the trial medication were 

included in the safety evaluation. 

Demographic and other baseline characteristics 

Summary statistics (arithmetic mean, standard deviation [SD], median, 

minimum and maximum for quantitative variables) were presented by 

dosage regimen. Frequency tables for qualitative data were provided.  

Safety variables  

Descriptive methods used for quantitative data were summary statistics 

(arithmetic mean, SD, median, minimum, and maximum) for the original 

data as well as for the difference to baseline. Frequency tables were provided 

for qualitative data. The incidence of treatment-emergent AEs were 

summarized by dosage regimen using MedDRA. 

An interim safety assessment was planned after the completion of each 

cohort in Part A before starting with the next cohort or Part B. 

Pharmacodynamic parameters  

Results for PD data were displayed utilizing summary statistics and figures. 

The exploration of the results for Swan-Ganz hemodynamics included the 

evaluation of a possible PCWP-reducing effect of BAY 58-2667. Therefore 

the change of this variable from baseline (calculated as “PCWP end of 

infusion-PCWP start of infusion”) was displayed. The associated one-sided 

90% confidence interval (-∞, c) was calculated for Part B assuming that the 

observations for PCWP followed a normal distribution.  

Pharmacokinetic parameters 

The concentration vs time courses of BAY 58-2667 were summarized 
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separately for each dosage regimen. The following statistics were calculated 

for each of the sampling points: arithmetic mean; SD and coefficient of 

variation (CV); geometric mean; geometric standard deviation 

(retransformed SD of the logarithms) and CV; and minimum, median, and 

maximum value and the number of measurements. 

Individual and mean plasma-concentration vs time curves were plotted using 

both linear and semi-logarithmic scale. PK characteristics (tmax excluded) 

were summarized by the statistics mentioned above. Tmax was described 

utilizing minimum, maximum, and median as well as frequency counts. 

Substantial 
protocol changes: 

The study was conducted according to the final study protocol, Version 3 

from 20 FEB 2006 and included no substantial amendments. 

Subject disposition and baseline 

Out of the 71 subjects enrolled into the study, 11 subjects failed screening and a total of 60 subjects 

were included in the study and were valid for safety analysis. Forty-five subjects were valid for PD 

analysis and 44 subjects (88%) were valid for PK analysis. Mean overall age of the subjects was 

65.8 years (range 36.0-87.0) with a BMI of 27.98 kg/m
2
 (5.18 SD). In Part A, Cohort 1, 12 subjects, 

10 men and 2 women (mean age 69.2 years, range: 50-87 years), were included and completed the 

study. In Part A, Cohort 1, 8 subjects were valid for PD and PK analyses, and 12 subjects were valid for 

safety analyses. In Part A, Cohort 2, 15 subjects, 14 men and 1 woman (mean age 65.5 years, range: 

41-84 years), were included. Seven subjects (47%) discontinued study drug prematurely, 6 subjects 

(40%) due to adverse events and 1 subject (7%) was lost to follow-up. In Part A, Cohort 2, 7 subjects 

were valid for PD and PK analyses, and 15 subjects were valid for safety analyses. In Part B, 

33 subjects, 31 men and 2 women (mean age 64.7 years, range: 36-81 years), were included; 30 subjects 

(91%) completed the study; 1 subject discontinued study drug permanently due to an adverse event; 

1 subject died; and 1 subject was lost to follow-up. In Part B, 29 subjects were valid for PD analyses; 

30 subjects for PK analyses; and 33 subjects were valid for safety analyses. 

Efficacy evaluation 

Not applicable 

Safety evaluation 

Twenty-four of 60 subjects (40%) reported 42 treatment-emergent AEs (TEAEs). Twenty-seven AEs 

were of mild, 13 of moderate, and 2 of severe intensity. Thirteen subjects experienced 14 drug-related, 

TEAEs. Eleven drug-related AEs were of mild and 3 of moderate intensity. The 3 moderate drug-related 

AEs were hypotension (n=2) and dyspnea (n=1).  

Tables 1 and 2 below display the proportion of subjects with incidence of TEAEs and drug-related 

TEAEs, respectively. 
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Table 1: Proportion of subjects with treatment-emergent adverse events (all subjects valid for 

safety, n=60) 
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Table 2: Proportion of subjects with treatment-emergent, drug-related adverse events (all subjects 

valid for safety, n=60) 

 

The 2 severe TEAEs were also serious AEs (SAEs): cardiac failure, which resulted in death, and 

myocardial infarction, which resolved after remedial drug therapy. Cardiac failure occurred 5 days after 

the last dose of study drug following elective surgery for implantable cardioverter defibrillator 

exchange. One subject experienced an SAE, i.e., moderate intracardiac thrombus. The investigators 

considered all SAEs as not related to study drug treatment. Four subjects discontinued study drug 

treatment permanently due to 5 AEs: hypotension (n=2), dyspnea (n=1), back pain (n=1), and 

respiratory failure (n=1). The investigators considered all events apart from back pain and respiratory 

failure as related to study drug treatment.  

Laboratory abnormalities were typical of the study population selected, i.e., critically ill subjects 

admitted to hospital with decompensated chronic CHF, and the study population did not reveal any 

suspicion for a specific laboratory abnormality related to BAY 58-2667 treatment. In particular, there 

was no indication of serum creatinine increases related to BAY 58-2667 treatment. Mean changes vs 

baseline in HR, SBP, DBP, and MAP during the 6-h BAY 58-2667 treatment and the subsequent 2-h 

follow-up period were limited in all 3 treatment groups as were changes in HR, SBP, and DBP up to 

05d00h00min. Although changes vs baseline in single subjects were pronounced, increases in HR and 

decreases in SBP, DBP, and MAP did not result in critically high HR or low blood pressure values. It is 

of note that, in Part B, maximum HR values detected at baseline and after 6 h of infusion were virtually 

identical, i.e., 116 and 115 bpm. No clinically relevant influence of BAY 58-2667 on ECG parameters 

including QTc was detected. 

Clinical pharmacology evaluation 

Pharmacodynamic evaluation:  

Single IV infusion doses of 50-400 µg/h BAY 58-2667 over 2 h per dose level were administered (total 

infusion time: 6 h). Part A was a dose-escalation in 2 cohorts and served as dose finding for Part B. In 

Part B, “real-life” dose-titration of BAY 58-2667 was performed, i.e., all subjects started on 100 µg/h 
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BAY 58-2667 IV for 2 h. Subsequently, the dose was individually titrated to achieve a clinically 

relevant decrease in PCWP >4 mmHg, whereas SBP was to remain >100 mmHg.  

Swan-Ganz hemodynamic results of Part A are summarized for Cohort 1 (50, 100, 200 µg/h for 2 h per 

dose step) and Cohort 2 (100, 200, 400 µg/h for 2 h per dose step) in Tables 3 and 4 below. (Please note 

that, in Tables 3-5, the mean difference between 00d00h00min and 00d06h00min was calculated as the 

mean of the individual differences and not as the difference of the means at 00d00h00min and 

00d06h00min).  

Based on the pronounced hemodynamic effects at a dose of 400 µg/h in Cohort 2 and the assessment of 

safety by the data and safety monitoring board, skipping the originally planned third cohort of Part A 

with higher doses and proceeding with Part B was recommended. Swan-Ganz hemodynamic results for 

the entire group of subjects treated in Part B are summarized in Table 5. This analysis included the 

results of the 3 subgroups, i.e., subjects with a final dose of 400 µg/h (n=16), 200 µg/h (n=12), and 

50 µg/h (n=2).  

Table 3: Swan-Ganz hemodynamic parameters (mean values, all patients of Part A, Cohort 1 [50, 

100, 200 µg/h for 2 h per dose step], valid for PD, n=8) 

 

Table 4: Swan-Ganz hemodynamic parameters (mean values, all patients of Part A, Cohort 2 

[100, 200, 400 µg/h for 2 h per dose step], valid for PD, n=7) 
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Table 5: Swan-Ganz hemodynamic parameters (mean values, all patients of Part B (starting dose 

100 µg/h for 2 h titrated up to 200 µg/h for 2 h and 400 µg/h for 2 h if SBP >110 mmHg], valid for 

PD, n=30) 

 

Subjective well-being in comparison to baseline was assessed by the dyspnea score. Results are 

presented in Tables 6, 7, and 8 for Part A Cohort 1, Part A Cohort 2, and Part B, respectively.  

Table 6: Dyspnea score (all subjects of Part A, Cohort 1 [50, 100, 200 µg/h for 2 h per dose step], 

valid for PD, n=8) 

 

Table 7: Dyspnea score (all subjects of Part A, Cohort 2 [100, 200, 400 µg/h for 2 h per dose step], 

valid for PD, n=7) 

 

Table 8: Dyspnea score (n/n [%], all subjects of study Part B [starting dose 100 µg/h for 2 h 

titrated up to 200 µg/h for 2 h and 400 µg/h for 2 h if SBP >110 mmHg] valid for PD, n=30) 
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In all subjects valid for PD in Part B (n=30), mean PCWP was reduced from 25.0 mmHg at baseline to 

17.2 mmHg after 6 h of BAY 58-2667 infusion, mean HR increased by 4.4 beats per minute (bpm) 

(range: -23-28), and SBP decreased by 13.9 mmHg (range: -44 to19) during that time. It is of note that 

maximum HR values detected at baseline and after 6 h of infusion were virtually identical, i.e., 116 and 

115 bpm.  

Similar results were determined in the 2 subgroups of subjects with a final dose of 400 µg/h (n=16) and 

200 µg/h (n=12). In the 2 subjects with a final dose of 50 µg/h, PCWP decreased by 7 and 14 mmHg 

during the 6 h of infusion. The upper 90% confidence limit of -7.15 mmHg showed that the PCWP 

results after 6 h of infusion differed significantly from PCWP results at baseline (00d00h00min) (all 

subjects valid for PD in Part B). For 27 of 30 subjects (90%), the decrease in PCWP from baseline to 

end of infusion was ≥4 mmHg. Similar results were detected in the subgroup of subjects with a final 

dose of 400 µg/h (n=16). Both subgroups with a final dose of 200 µg/h and 400 µg/h were 

homogeneous with regard to demographic data and baseline values of Swan-Ganz hemodynamics.  

Subjects were asked about their well-being in comparison to their baseline conditions. Questioning was 

done before hemodynamic measurements of the respective time point were performed. Please note that 

this assessment was neither double-blinded nor placebo-controlled. After 6 h of BAY 58-2667 infusion 

in Part B, 26 of 30 subjects (87%) reported an improvement in their well-being; 18 h after end of 

infusion (01d00h00min), 28 of 30 subjects (93%) reported an improvement. No clear dose-response 

relationship was detected in CHF patients and their NYHA classification. No subject reported 

deterioration in the dyspnea score.  

Stroke volume, cardiac output (SVimp*HRimp), and cardiac index measured by impedance cardiography 

were poorly correlated to Swan-Ganz hemodynamics with Spearman correlation coefficients of 0.4046, 

0.4754, and 0.3330, respectively.  Although changes vs baseline in some vasoactive hormones, such as 

adrenaline, noradrenaline, and PRA, were statistically significant in Part B, neurohormonal activation by 

BAY 58-2667 was limited and clinically irrelevant. There were virtually no changes vs baselines in 

mean N-terminal ANP and N-terminal BNP in either cohort of Part A or in Part B. Consistent mean 

increases in plasma cGMP were detected in both cohorts of Part A and in Part B at the end of infusion 

(00d06h00min). These changes lasted up to 01d00h00min in Cohort 2 of Part A and Part B. 

Pharmacokinetic evaluation:  

Tables 9 and 10 summarize the results as geometric means, geometric coefficients of variation (%CV), 

and ranges of the PK parameters for BAY 58-2667 by treatment in all subjects valid for PK (n=44) and 

the 3 subgroups of subjects valid for PK in Part B (n=29), respectively.  

On an average, subjects with acute decompensated chronic CHF had a reduced BAY 58-2667 clearance, 

most probably due to impaired cardiac output and reduced liver blood flow in these patients, leading to 

higher AUC and Cmax values (individually up to 50%) than reported previously in healthy young male 

subjects. Otherwise, PK behavior was similar, especially the fast increase in plasma concentrations after 

start of infusion and rapid decline of concentrations after stop of infusion with concentrations at or 

below 1 µg/L at 1-2 hours after end of infusion. BAY 58-2667 pharmacokinetics were of moderate 

inter-individual variability. Plasma concentration and AUC results suggested dose-proportionality in the 

dose range administered, i.e., 50-400 µg/h. In deviation from the protocol, the pharmacokinetic 

parameter Cmax/D was not determined. 
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Table 9: Pharmacokinetic parameters of BAY 58-2667 in plasma (geometric mean/%CV [range], 

all subjects valid for PK, n=44) 
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Table 10: Pharmacokinetic parameters of BAY 58-2667 in plasma (geometric mean/%CV [range], 

all subjects of Part B valid for PK, n=29) 

 

Overall conclusions 

In this study, Swan-Ganz hemodynamics and dyspnea score demonstrated that single IV infusion doses 

of 50-400 µg/h BAY 58-2667 over 2 h per dose level (total infusion time: 6 hours) were effective in 

decreasing PCWP and increasing subjective well-being.  
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Subjects with acute decompensated chronic CHF had on average a reduced BAY 58-2667 clearance, 

most probably due to impaired cardiac output and reduced liver blood flow in these patients, leading to 

higher AUC and Cmax values (individually up to 50%) than previously reported in healthy young male 

subjects. Otherwise, PK behavior was similar to that reported in the healthy young male subjects.   

Single IV infusion doses of 50-400 µg/h BAY 58-2667 over 2 h per dose level (total infusion time: 6 h) 

were safe and generally well tolerated in critically ill subjects admitted to hospital with decompensated 

chronic CHF. No maximum tolerated dose of BAY 58-2667 was detected in this study. 


