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   Investigator Statement 

Protocol Short Title: BioVAT-HF 

EudraCT No.: 2019-000885-39 

Protocol Version No: V 1.0 

Trial Site:  

I confirm that I have read the Clinical Trial Protocol (CTP) and hereby commit to adhering to all 
actions and terms as specified in the relevant sections of the clinical, ethical and general 
paragraphs. 

I confirm that I and my colleagues will comply with the local legislation (in Germany, the German 
Drug Law with the appropriate amendments). I further confirm that the clinical trial will be carried 
out in compliance with the Declaration of Helsinki and ICH-GCP guidelines.  

I acknowledge that all confidential information contained in this document will not be used for any 
other purpose other than the evaluation or conduct of the clinical investigation without the prior 
written consent of the Sponsor. 

Under my supervision I put copies of this CTP and possible updates as well as access to all 
information regarding the carrying out of this clinical trial at the disposal of my colleagues; in 
particular I will promptly forward all information from the Sponsor in relation to pharmaceutical 
safety (SUSARs, SmPC and IB updates, if applicable) to my colleagues.  

I confirm that I and my colleagues were informed by a responsible scientist about the results and 
expected risks of the pharmacological and toxicological examination associated with the clinical 
trial. 

I will discuss this CTP in detail with my colleagues and ensure that they are comprehensively 
informed about the trial compound/preparation and the execution of the trial.  

I confirm that I will be responsible for supervising any individual or party to whom I delegate study 
tasks conducted at the trial site. 

Furthermore I commit myself not to commence patient enrolment prior to approval of the 
competent authorities (CA) and acceptance by the responsible Independent Ethics Committee 
(IEC).  

 

     

Date  Name (in CAPITALS)  Signature of Investigator 

 
 

     

Date  Name (in CAPITALS)  Signature of Deputy 
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Synopsis 

TITLE OF TRIAL Safety and Efficacy of Induced Pluripotent Stem Cell-derived 
Engineered Human Myocardium as Biological Ventricular Assist 
Tissue in Terminal Heart Failure  

SHORT TITLE BioVAT-HF 
EUDRACT NO 2019-000885-39 
UMG REGISTRATION 
NUMBER 

02289 

HEALTH CONDITION 
STUDIED 

Terminal heart failure 

PHASE  Phase I/II 
OBJECTIVE(S) Primary objective: 

 to assess safety and efficacy of Engineered Human 
Myocardium (EHM) in patients with terminal heart failure 
(HFrEF EF ≤35%) with or without RV dysfunction (TAPSE <16 
mm) 

Secondary objective: 
 to assess effects of EHM-grafts on disease-specific events 

and symptoms 
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TREATMENT(S) Experimental intervention/Index test: 
Implantation of EHM on dysfunctional left or right ventricular 
myocardium in patients with HFrEF (EF ≤35%).  
 
Phase I: Dose Finding Cohort to determine the Minimally Effective 
Dose and Optimally Effective Dose Range, and if possible the Safe 
Maximal Dose of EHM.  
 
Phase II: Refinement Cohort to specify the most optimal EHM target 
heart wall, i.e., the left ventricle (LV) or the right ventricle (RV). 
 
Phase III: Expansion Cohort to collect proof-of-concept data as to 
efficacy of EHM mediated remuscularization/augmentation of the LV or 
RV. 
 
Epicardial implantation will be via a minimal invasive left lateral 
thoracotomy performed as standalone procedure in case of LV 
targeting and concomitant to a scheduled open chest LV surgery if the 
RV is targeted. This strategy will reduce confounding effects as to the 
interpretation of EHM efficacy data.  
 
Duration of intervention per patient: 

 Baseline visit and start of immune suppression (calcineurin 
inhibitor and corticosteroid) 7±3 days before EHM implantation  

 Implantation of EHM: 1 h according to experience from 
preclinical studies and similar surgical procedures (i.e., 
epicardial pacemaker lead placement) 

 12 months follow-up 
 

Note: After the final study visit, patients will be further monitored by 
their treating physician. Immune suppression (calcineurin inhibition) 
will be continued until end-of-life if evidence for efficacy without safety 
concerns can be obtained within the 12 month study period (corticoids 
will be weaned-off after 3-6 months according to guidelines for immune 
suppression in organ heart transplantation). The treating physician is 
requested to report clinically relevant observations to the principal 
investigator. After 12 month follow-up, study patients will be enrolled in 
a separate registry study (BioVAT-registry set up by the Study Center) 
until end of life for the documentation of long-term outcome. 
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 Follow-up per patient: 
 17 segment high-resolution echocardiography and/or MRI (if 

possible) to study global and regional heart/graft function 
(before EHM implantation as well as 2 weeks, 1 month, 2 
months, 6 months, and 12 months after surgery) 

 Biomarkers: CK, CK-MB, cTnT, CRP, IL-6, and NT-proBNP; in 
addition, experimental assessment of graft derived DNA for the 
monitoring of graft retention/rejection (before EHM implantation 
as well as 2 weeks, 1, 3, 6, and 12 months after surgery)  

 Telemetric monitoring via Implantable Cardioverter Defibrillator 
(ICD)- or Cardiac Resynchronization Therapy-Defibrillator 
(CRT-D)-devices with event recorder for the whole duration of 
the study.  

 Pathology to obtain data on graft survival, integration, and 
maturation upon heart transplantation or death (according to 
patient consent). 

 If clinically indicated: FDG-PET (Fluorodeoxyglucose-Positron-
Emission Tomography) at 12 months to assess heart and EHM 
graft vitality. 

 If clinically indicated: Monitoring of pulmonary artery pressure 
with a CardioMEMS HF Device (St. Jude Medical) or a similar 
device. 

 Accompanying measures: 
 Therapeutic drug monitoring (TDM) to verify effective trough 

levels of accompanying immune suppressive drugs (calcineurin 
inhibitors) according to the proceeding in orthotopic heart 
transplantation (ISHLT Guidelines; Costanzo et al. 2010), i.e.,  
Tacrolimus: 10-15 ng/ml at the time of implantation maintained 
for 2 month followed by a reduction to 8-12 ng/ml until 6 months 
and finally a reduction to 5-10 ng/ml in stable patients  
or 
Cyclosporine A: 275-375 ng/ml at the time of implantation 
maintained for 6 weeks followed by a reduction to 200-350 
ng/ml until week 12 and then followed by a reduction to 150-
300 ng/ml until 6 months and then followed by a further 
reduction to maintenance levels at 150-250 ng/ml. 

 Biomarker analysis to monitor rejection: CK/CK-MB, cTnT, 
circulating cell-free allograft DNA (experimental method; liquid 
biopsy)  

 Monitoring of specific allograft immune responses: donor 
specific antibodies (DSA) 
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INCLUSION CRITERIA 1. HFrEF (EF ≤ 35%) as assessed by high-resolution 
echocardiography or MRI 

2. No realistic chance or not eligible for heart transplantation 
3. At least one hypo- or dyskinetic segment to demark the implant 

target area 
4. Stable disease condition allowing for an elective left-lateral 

mini-thoracotomy (for LV applications) or open-chest surgery 
(for RV applications) for a clinically indicated intervention on the 
LV (e.g., coronary bypass surgery, valve repair, mechanical 
circulatory support device implantation) with concomitant RV 
dysfunction, diagnosed using the Tricuspid Annular Plane 
Systolic Excursion (TAPSE) index <16 mm (Rudski et al. 2010).  

5. 18-80 years of age 
6. Previous implantation of an ICD or CRT-D with event recorder 
7. New York Heart Association (NYHA) Class III or IV under 

optimal medical therapy  
8. Willingness and ability to give written informed consent 
9. Female subjects of childbearing potential must agree to use 

acceptable method(s) of contraception for the full study 
duration. 

EXCLUSION 
CRITERIA 

1. Contraindication to immunosuppressive drugs (e.g. known 
history of unresolved cancer, hepatitis B/C, HIV, HTLV1)  

2. Hypertrophic cardiomyopathy (HCM) 
3. Terminal kidney failure (stage 4; GFR <30 ml/min) 
4. Terminal liver failure (Child-Pugh stage C; score >10) 
5. Alloimmunisation against EHM implant cells  
6. Autoimmune disease 
7. History of stroke 
8. Reduced life expectancy in the short term due to non-cardiac 

disease 
9. Simultaneous participation in another interventional trial 
10. Pregnant or breastfeeding females 
11. Known or suspected alcohol and/or drug abuse 
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ENDPOINTS Primary efficacy endpoint: 
Evidence for anatomical and functional muscular augmentation of 
target myocardium determined as enhanced target heart wall thickness 
(HWT) and thickening fraction (HWTF) 
 
Key secondary endpoint: 

 Recurrent HF hospitalizations  
 

Further secondary endpoints: 
 Identification of a Minimal Effective Dose (Dose Finding Cohort) 
 Identification of the Optimal Effective Dose Range (Dose 

Finding Cohort)  
 Ejection Fraction 
 Functional status in patients as determined by six-minute walk 

test (6MWT), hand-grip strength, and cardiopulmonary stress 
testing (VO2max) 

 Patient reported outcomes assessed by NYHA classification, 
quality of life score (MLHFQ, KCCQ, EQ-5D), and physical 
score (SF-36) 

 All-cause and cardiovascular mortality 
  Assessment of safety: 

 Frequency of major adverse cardiac events (MACE; non-fatal 
myocardial infarction, non-fatal stroke and cardiovascular 
death) 

 Frequency and severity of arrhythmic events 
 Incidence of immune rejection (allograft DNA, CK/CK-MB, 

cTnT)  
 Incidence of mechanical perturbation of ventricular function by 

EHM graft 
 Identification of a Safe Maximal Dose (SMD) or Maximum 

Tolerated Dose (MTD) in Dose Finding Cohort 
TRIAL DESIGN Combined, open-label, 3-stage, phase I/II safety and efficacy study 
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STATISTICAL 
ANALYSIS 

Primary Endpoints:  
Primary efficacy analyses are based on the changes in HWT/HWTF 
between baseline and 2 weeks, 1 month, 3 months, 6 months and 12 
months after implantation. To test for a time effect a generalized linear 
mixed model will be employed for each of the two primary endpoints. 
In case of detecting a time effect this is followed by Dunnett-type 
pairwise comparisons to baseline.  
 
Secondary endpoints: 
Secondary endpoint analyses will be similar as the analyses of the 
primary endpoint and comprise of Gaussian longitudinal models 
evaluating changes over time from baseline prior to EHM implantation. 
For recurrent event data such as HF hospitalizations appropriate 
regression models such as the negative binomial regression model or 
the semiparametric LWYY model will be used.  
 
Safety: 
The maximal feasible dose (MFD; 20 g EHM comprised of 800 million 
cells) was chosen conservatively based on preclinical experience in 
Rhesus macaque and allometric scaling considerations. The 
probability of dose-limiting toxicity will be modelled by a Bayesian two-
parameter logistic regression model. Safety events will be summarized 
as rates with 95% confidence intervals. Survival will be displayed as 
Kaplan-Meier curve and analyzed using a Cox proportional hazards 
model exploring the prognostic quality of the biomarkers assessed at 
baseline. 

 Effect size assumed for estimation of sample size:  
A sample size of 30 patients (including 5 + 25 from the Refinement and 
Expansion Cohorts) yields a power of 80% (90%) in a pre-post 
comparison of means at a two-sided significance level of 10% given a 
standardized mean difference (Cohen’s d) of 0.47 (0.55).  

SAMPLE SIZE 
 

Phase I: n = 18 (max.), in dose cohorts of 2-
4 patients 

 

Phase II:  n=10 (5 with LV and 5 with RV 
EHM placement) 

Phase III:  n=25 (additional patients with LV or 
RV EHM placement) 

To be assessed for eligibility: n = 65 
To be allocated to trial: n = 53 
To be analysed: n = 53 

TRIAL DURATION Time for preparation of the trial : 6 months 
Recruitment period (part I to part 
III):  

30 months 

First patient in to last patient out:  42 months 
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Post processing after LPO: 6 Months 
Duration of the entire trial:  54 months 
Duration of surgical intervention 
per patient: 

1 hour (according to experience 
from preclinical studies and similar 
surgical procedures) 

Follow up duration per patient: 12 months 
PLANNED DATES 
 

Enrolment of first patient, first 
patient in (FPI) 

4st  quarter 2020 

Enrolment of last patient, last 
patient in (LPI) 

2rd quarter 2023 

End of trial defined as last 
patient last visit (LPLV) 

2rd quarter 2024 

Final statistical analysis 4st quarter 2024 

Planned interim analysis Interim analysis will be performed 
after end of study phase I and 
phase II. 

PARTICIPATING 
SITES 

3 sites (Göttingen, Lübeck, Bad Oeynhausen) are planned in 
Germany. 

FUNDER(S) The trial is funded by the DZHK (Deutsches Zentrum für Herz-
Kreislauf-Forschung e.V.) 
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Table 1 Visit schedule and assessments – Flowchart 

Visits Title in eCRF 
Study 

registration 
(Visit 1) 

Baseline   
(Visit 2) 

Start of Immun-
supression 

(Visit 3) 

Implantation 
(Visit 4) 

Follow Up 1 
(Visit 5) 

Follow Up 2 
(Visit 6) 

Follow Up 3 
(Visit 7) 

Follow Up 4 
(Visit 8) 

Follow Up 5 
(Visit 9) 

 
                Time 
Section Month -4 to -1 Day -10 to -5 Day -10 to -4 Day 0 

2 weeks  
(± 2 days) 

1 months  
(± 7 days) 

3 months  
(± 7 days) 

6 months  
(± 7 days) 

12 months  
(± 7 days) 

Informed Consent  x         

Inclusion / Exclusion Criteria  x x1        

Medical History   x        

DZHK basic data set   x2  x3 x3 x3 x3 x3 x3 

Concomitant heart failure 
medications   x  x x x x x x 

Patient registration eCRF  x         

Adverse events 
documentation     x x x x x x 

Laboratory assessments 

CBC with differentials and 
platelet count   x  x x x x x x 

CRP, IL6   x  x x x x x x 

Liver panel   x  x x x x x x 

Albumin   x  x x x x x x 

Serum Creatinine   x  x x x x x x 

PTT or PT/INR as applicable   x  x x x x x x 

Plasma free haemoglobin; 
Iron   x  x x x x x x 

Troponins, CK, CK-MB   x  x x x x x x 

NT-proBNP   x  x x x x x x 

Pregnancy Test (for females 
of childbearing potential)   x        

Blood draw for allograft DNA 
assessment   x   x x x x x 

HLA/KIR-Typing   x        

Donor Specific Antigens   x    x x x x 
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Further assessments / Scores 

12-lead ECG   x  x x x x x x 

Transthoracic 
Echocardiography (TTE)   x  x x x x x x 

Cardiac-MRI4    x   x x x x Cardiac-
MRI4  

Cardiopulmonary exercise 
testing  

 

x 
 

 x x x x 
Cardiopulmo

nary 
exercise 
testing 

Hand grip strength   x   x x x x Hand grip 
strength 

6 minute walking test   x   x x x x 6 minute 
walking test 

EuroSCORE II and/or Logistic 
EuroSCORE I5  

 

(x) 

 

 (x) (x) (x) (x) 

EuroSCORE 
II and/or 
Logistic 

EuroSCORE 
I5 

Positron-Emission 
Tomography (FDG-PET)6  

 

(x) 
 

     
Positron-
Emission 

Tomography 
(FDG-PET)6 

Quality of life questionnaires (patient reported outcome) 

MLHFQ   x   x x x x MLHFQ 

SF-36    x   x x x x SF-36  

KCCQ   x   x x x x KCCQ 

EQ-5D   x   x x x x EQ-5D 

Treatment / therapy 

Surgical Procedure     x     Surgical 
Procedure 

ICD/CRTD-event recorder 
readout  

 

x 

 

x x x x x 

ICD/CRTD-
event 

recorder 
readout 

TDM Calcineurin Inhibitors  
 

 
x 

x x x x x 
TDM 

Calcineurin 
Inhibitors 
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DZHK-Biobanking Data Set7  
 

x 
 

     
DZHK-

Biobanking 
Data Set7 

1check if In- / Exclusion criteria are still valid 
2according to DZHK-SOP-K-01 “Basisdatensatz – Anamnese / Klinische Diagnosen / Körperliche Untersuchung“ 
3a reduced data set of the DZHK-SOP-K-01 “Basisdatensatz – Anamnese / Klinische Diagnosen / Körperliche Untersuchung“ needs to be collected as defined in chapter 7.6.2 
4Patients with devices may or due to other circumanstances might not be eligible to MRI investigations. For these patients see further instructions in chapter 7.8.8 
5only if site uses it as a standard risk calculator 
6only if done according to standard of care 
7Collection of biological samples according to patient consent  
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   Responsibilities 

 
Sponsor Institution: University Medical Center Göttingen 
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Representative: Rainer Bredenkamp 

Head of Clinical trial unit (Studienzentrum UMG) 
On behalf of the Board of Directors 

Address: Von-Bar-Str. 2/4, 37075 Göttingen 
Telephone: +49(0)551 39 60812 
Fax:  +49(0)551 39 60846 
E-mail: studienzentrum-umg@med.uni-goettingen.de 

Coordinating Investigator 
"Leiter der Klinischen 
Prüfung/LKP”  
(in accordance with 
German Drug Law) 

Name: Prof. Wolfram-Hubertus Zimmermann 
Institution: University Medical Center Göttingen 

Institute of Pharmacology and Toxicology 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 5781 
E-mail: w.zimmermann@med.uni-goettingen 

IMP Manufacturer Name: PD Dr. Joachim Riggert 
Institution: University Medical Center Göttingen 

Department of Transfusion Medicine 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 9615 
E-mail: jriggert@med.uni-goettingen.de 

Biostatistician Name: Prof. Dr. Tim Friede 
Institution: University Medical Center Göttingen 

Department of Medical Statistics 
Address: Humboldtallee 32+34, 37073 Göttingen 
Telephone: +49(0)551 39 4990 
E-mail: tim.friede@med.uni-goettingen.de 

Pharmacovigilance Institution: University Medical Center Freiburg (ZKS) 
Address: Elsässer Str. 2, 79105 Freiburg 
Fax:  +49 (0) 761 270-74390 
E-mail: zks.pv@list.uniklinik-freiburg.de 

Projectmanager (PM) Name: Dr. Florian Walker 
Institution: University Medical Center Göttingen 

Clinical trials unit (Studienzentrum UMG) 
Address: Von-Bar-Str. 2/4, 37075 Göttingen 
Telephone: +49(0)551 39 60825 
Fax:  +49(0)551 39 60846 
E-mail: florian.walker@med.uni-goettingen.de 

Monitoring (CRA(s)) Institution: University Medical Center Göttingen 
Clinical trials unit (Studienzentrum UMG) 

Address: Von-Bar-Str. 2/4, 37075 Göttingen 
Telephone: +49 (0)551 39 60833 
Fax:  +49(0)551 39 60846 
E-Mail: biovat@med.uni-goettingen.de 
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Data management Name: Sabine Hanß 
Institution: University Medical Center Göttingen 

Institute of Medical Informatics 
Address: v. Siebold-Str. 3, 37075 Göttingen 
Telephone: +49(0)551 39 61547 
E-mail: sabine.hanss@med.uni-goettingen.de 

Data Safety  Monitoring 
Board 

Name: Prof. Stefan Janssens 
Institution: University Hospital and KU Leuven 

Department of Cardiovascular Sciences 
Profession: Physician 
Address: UZ Herestraat 49, 3000 Leuven, Belgium 
Telephone: +32 16 344235 
Fax:  +32 16 344240 
E-mail: stefan.janssens@med.kuleuven.be 
Name: Prof. Philippe Menasché 
Institution: Service de Chirurgie Cardio-vasculaire 

Hôpital Européen Georges Pompidou 
Profession: Physician 
Address: 20, rue Leblanc, 75015 Paris, France 
Telephone: 01 56 09 36 22/29 62 
E-mail: philippe.menasche@aphp.fr 
Name: Prof. Sarah Zohar 
Institution: INSERM U1138, Equipe 22 

Centre de Recherche des Cordeliers 
Profession: Biostatistician 
Address: 15 rue de l’école de Médecine, 75006 Paris, 

France 
Telephone: +33 1 44 27 92 03 
E-mail: sarah.zohar@inserm.fr 

Dose Determining 
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Name: Prof. Wolfram-Hubertus Zimmermann 

Institution: University Medical Center Göttingen 
Institute of Pharmacology and Toxicology 

Profession: Physician 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 5781 
E-mail: w.zimmermann@med.uni-goettingen 
Name: Prof. Gerd Hasenfuß 
Institution: University Medical Center Göttingen 

Klinik für Kardiologie und Pneumologie 
Profession: Physician 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 20400 
E-mail: rfaber@med.uni-goettingen.de 
Name: Prof. Ingo Kutschka 
Institution: University Medical Center Göttingen 

Klinik für Thorax-, Herz- und Gefäßchirurgie 
Profession: Physician 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 66000 
E-mail: ingo.kutschka@med.uni-goettingen.de 
Name: Prof. Tim Friede 
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1 Background and rationale 

Heart failure is the most common cause of death. The underlying disease mechanism is a loss of 
heart muscle cells, which correlates with reduced heart function. Approximately 2 million patients 
in Germany, 6.5 million patients in Europe, and 23 million patients globally are diagnosed with 
heart failure. Due to its positive correlation with life expectancy and the dramatic demographic 
changes of our aging population, prevalence of heart failure will further increase.  

Incidence of heart failure is reported to be at ~300,000 new cases/year in Germany. Mortality is 
despite advances in pharmacological and interventional heart failure therapy 20% within 1 and 
50% within 5 years upon the initial diagnosis (Lopez Sendon and Montoro, 2015). Heart 
transplantation is the only curative option with excellent outcome (80% 5-year survival rates; 
ISHLT-Registry data). Shortage of donor organs results in ~300 orthotopic heart transplantations 
(OHTs) per year in Germany. There is an estimated need for ~8.000 OHT per year in Germany 

Heart failure patients upon listing for heart transplantation present a 12 month survival of 80% and 
a 24 month survival of 70% (Hsich et al., 2016). Once under inotrope support in advanced heart 
failure, average life expectancy is 1.1 years if eligible and 9.4 months if ineligible for OHT (Long 
et al., 2014).  

In addition to reduced life expectancy, quality of life in patients living with advanced heart failure 
is greatly reduced and was found to be comparable to the quality of life in patients with acute 
aphasic stroke (Franzen-Dahlin et al., 2010; Nieminen et al., 2015).  

The socioeconomic burden of heart failure is anticipated to increase markedly; e.g., direct and 
indirect cost associated with heart failure were $28 billion in the US in 2010 with an anticipated 
increase to $78 billion by 2030 (Lopez Sendon and Montoro, 2015). Ischemic heart disease is the 
main cause of heart failure and the leading contributor to disability-adjusted life years (DALYs; 
(Murray et al., 2012)). 

Because of the enormous medical unmet need for new treatment options various technical and 
regenerative therapeutic approaches, like, e.g., artificial hearts, xenotransplantation of hearts, 
implantation of a mechanical pump device (left ventricular assist device, LVAD), and more recently 
cell- and tissue-based regenerative therapies have emerged. Cell- and tissue-based repair 
approaches aim at the reconstitution of heart muscle in situ and therefore at long lasting 
therapeutic improvement of heart failure by bona fide remuscularization. Based on constantly 
rising numbers of patients suffering from heart failure and the limited availability of donor hearts 
or therapeutic alternatives, the development of regenerative, cell-/tissue-based therapeutic 
approaches is warranted.  

The BioVAT-HF trial will test the hypothesis that cardiomyocyte implantation via engineered 
human myocardium (EHM), the proposed investigational medicinal product (IMP; designated 
“Biological Ventricular Assist Tissue” or BioVAT), results in sustainable remuscularization and 
biological enhancement of myocardial performance in the failing heart. EHM are constructed from 
defined mixtures of induced pluripotent stem cell (iPSC)-derived cardiomyocytes and stromal cells 
in a bovine collagen type I hydrogel. Comprehensive preclinical testing confirmed the rationale for 
the clinical translation of the myocardial remuscularization strategy by EHM implantation. The 
patient target population for EHM therapy is patients suffering from advanced heart failure with 
reduced ejection fraction (HFrEF; EF: ≤35%) and no realistic option for heart transplantation. 
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1.1  Scientific background 

Despite encouraging results from recent studies investigating the implantation of embryonic stem 
cell-derived cardiac progenitor cells (Menasche et al., 2018) and exosome therapeutics (Liu et al., 
2018b), there is a common understanding that direct integration of cardiomyocyte implants would 
be the most promising option if successfully translated into the treatment of patients with endstage 
heart failure. As to cardiomyocyte delivery and retention, tissue engineering-based cardiomyocyte 
delivery has a clear advantage over direct intramyocardial injection (Nguyen et al., 2016; Riegler 
et al., 2015). In addition, there is comprehensive preclinical evidence for safety and efficacy of 
tissue engineered heart repair with EHM and EHM precursors obtained by the applicant’s lab in 3 
preclinical animal species (rat, mouse, and Rhesus macaque): 

1) Rat model with uncompromised heart function (Zimmermann et al., 2002) 

2) Rat model of chronic (severe) heart failure after permanent LAD occlusion (Zimmermann et al., 
2006) 

3) Mouse model of acute myocardial infarction by permanent LAD occlusion (Didie et al., 2013) 

4) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Riegler et al., 2015) 

5) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Qin et al., 2016) 

6) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Tiburcy et al., 2017) 

7) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (extension of Tiburcy 
et al., 2017 with focus on EHM patch retention; data presented in IMPD) 

8) Rhesus macaque model with uncompromised heart function (data presented in IMPD)  

Additional pilot studies were performed in pig models, but found to be of no predictive value 
because of limited xenograft retention, despite administration of comprehensive immune 
suppression regimens. 

The preclinical in vivo studies 1-8 collectively provide the rationale for the BioVAT-HF trial. Study 
1 demonstrated feasibility and safety of Engineered Rat Myocardium (ERM) allograft implantation 
under immune suppression in a healthy rat model. Study 2 demonstrated electromechanical 
integration, safety and efficacy of ERM allografts in a rat model of chronic heart failure. Safety and 
efficacy was further confirmed in a mouse model of subacute myocardial infarction and the 
application of pluripotent stem cell-derived Engineered Mouse Myocardium (EMM) allografts 
(Study 3). Studies 2 and 3 employed MRI and echocardiography to document efficacy of ERM 
and EMM allograft-based heart repair by detection of an enhancement of thickness and 
contractility of the target heart wall, in line with the proposed mode of action. Studies 4-7 
established and validated GMP-compatible EHM as well as EHM xenograft retention upon 
implantation in immunocompromised nude rats. Long term engraftment for more than 6 months 
without unwanted effects was demonstrated in study 4. In contrast to rodent allografts 
(Zimmermann et al., 2006), reliable evidence for electromechanical integration of human 
xenografts could not be obtained, which is in-line with data from other groups using guinea pig 
(Weinberger et al., 2016) or rat (Gerbin et al., 2015). In the rat xenograft study (study 4), enhanced 
left ventricular ejection fraction (+5%) was observed to be independent of the implantation of 
contractile or non-contractile EHM. These findings confirmed earlier findings (studies 2 and 3) in 
that mechanical stabilization of the ventricular wall or indirect (paracrine) effects of the epicardial 
patch on the underlying myocardial milieu may be of therapeutic value, which was however inferior 
to the therapeutic effects observed in rodent models of heart failure and contractile ERM as well 
as EMM allograft implantation (studies 2 and 3). In a pivotal Rhesus macaque allograft study 
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(study 8), Engineered Non-Human Primate Myocardium (ENHPM) allografts thickened the target 
heart wall by ~1 and ~5 mm in a dose dependent manner (1x and 5x EHM assemblies, 
respectively). The augmentation of the target heart wall was sustained for the whole study duration 
(up to 6 months) with no evidence for arrhythmia, tumor formation, perturbation of heart 
performance, and immune suppression related side effects.  

Detailed post mortem analyses in the 14 Rhesus macaques implanted with 1x (n=7) or 5x (n=7) 
ENHPM grafts revealed terminally differentiated chondrocytes and osteocytes in 5 of the 14 
ENHPM implanted Rhesus macaques (1 of 7 with 1x ENHPM and 4 of 7 with 5x ENHPM). 
Impurities in the Rhesus macaque iPSC-cardiomyocytes differentiations were identified by bulk 
and single cell RNA-sequencing as cause for these observations. Comparative RNA sequencing 
analyses to the human iPSC-derived cardiomyocytes populations did not reveal evidence for 
similar impurities in the GMP process. Importantly, osteochondral differentiations were never 
observed in preclinical in vitro and in vivo studies with EHM (Riegler et al. 2015; Qin et al. 2016; 
Tiburcy et al. 2017), including a combined GLP toxicity, tumorigenicity, biodistribution study (refer 
for details to IMPD). Adaptations of the NHP-iPSC-differentiation process provided cardiomyocyte 
populations with markedly reduced transcriptional heterogeneity and similar cardiomyocytes purity 
as set as release criterion for the human GMP process (>90%). ENHPM allografts constructed 
from accordingly optimized Rhesus iPSC-differentiations are studied in an extension of the NHP 
Feasibility and Safety study (study 8) with 4 additional Rhesus macaques implanted with 2x EHM 
[n=3] and 5x EHM [n=1]) and un-eventful follow-up. Preclinical in vivo studies will be continuously 
conducted in parallel to clinical testing, following a bed-to-bench-to-bed (reverse translation) 
strategy.  

We consider the 5x EHM assembly, confirmed to be safely applicable as epicardial allograft to 
augment the target heart wall according to the proposed mode of action in Rhesus macaques, as 
minimal effective dose (MED) for the BioVAT-HF trial and anticipate a similar thickening of the 
target heart wall as observed in the Rhesus macaque study (~5 mm); given that the human heart 
wall has an average thickness of 6-10 mm (Kawel et al., 2012), we anticipate clinical impact with 
the predetermined MED. Considering the differences in heart and body size in Rhesus macaque 
and human (10-fold) and applying allometric scaling a 5x EHM assembly in Rhesus macaque 
resembles a 50x EHM assembly in human. With an anticipated maximal feasible dose (MFD) of 
20x EHM and no observed safety issues in the Rhesus macaque study or any of the preclinical 
studies testing EHM xenografts under non-GLP and GLP conditions, we do not anticipate graft 
related safety concerns in the BioVAT-HF trial.   

1.2 Overview of investigational medicinal product(s) (IMP(s)) 

The designated IMP is Engineered Human Myocardium (EHM) for applications as Biological 
Ventricular Assist Tissue (BioVAT). EHM are constructed from induced pluripotent stem cell 
(iPSC)-derived cardiomyocytes and stromal cells mixed at a defined ratio and suspended in a 
bovine collagen type I hydrogel. EHM are produced under GMP-conditions at the University 
Medical Center Göttingen (UMG) under the auspices of the Institute of Transfusion Medicine. An 
application for manufacturing authorization has been submitted to the local competent authority 
(LCA; Gewerbeaufsichtsamt Braunschweig) in October 2019. The manufacturing process was 
reviewed with no critical concerns by the LCA and representatives of the Paul-Ehrlich-Institute in 
January 2020. Critiques will be fully addressed before final approval of the clinical trial application.   

Two studies delivering pluripotent stem cell-derivatives to the heart of patients with heart failure 
have been registered at ClinicalTrials.gov, so far:  
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(1) the ESCORT trial (NCT02057900) tested the delivery of 5-10 million embryonic stem cell 
(ESC)-derived cardiac progenitor cells (identified by the expression of the SSEA1 surface marker) 
immobilized in a fibrin patch to the heart (n=6 patients). The study is completed and the data have 
been published (Menasche et al., 2018);  

(2) the HEAL-CHF trial (NCT03763136) is presently recruiting patients for an intramyocardial 
injection of 100 million iPSC-derived cardiomyocytes in patients with heart failure (total of 5 
patients planned; no data reported).  

A third study (UMIN000032989) on the delivery of iPSC-derived cardiomyocytes via a cell sheet 
approach has been announced (Cyranoski, 2018) with start of recruitment in 2019 (personal 
information provided by Dr. Sawa). In this trial cell sheets (0.1 x 40 mm) comprising 100 million 
iPSC-derived cardiomyocytes are delivered epicardially (n=3 patients). An extension of this trial 
(n=10 patients) is registered as jRCT2053190081. 

The epicardial implantation of EHM, IMP of the BioVAT-HF trial, has not been attempted clinically. 

For further details on IMP(s) please refer to section 9.  

1.3 Trial purpose and rationale 

To counter the irreversible and progressive loss of cardiomyocytes and effectively remuscularize 
the failing heart, cardiomyocyte therapeutics are being developed (refer to section 1.1. and 1.2). 
Human cardiomyocytes can be derived from embryonic (ESC) and induced pluripotent (iPSC) 
stem cells using scalable processes with reproducible quality (Chen et al., 2015). The suggested 
clinical route of administration is either by direct intramyocardial injection (Chong et al., 2014; Liu 
et al., 2018a; Romagnuolo et al., 2019; Shiba et al., 2016; Zhao et al., 2018) or by epicardial 
implantation of tissue engineered heart muscle (Didie et al., 2013; Riegler et al., 2015; Tiburcy et 
al., 2017; Weinberger et al., 2016; Zimmermann et al., 2006). A prerequisite for therapeutically 
effective remuscularization of the human heart is cardiomyocyte survival and sustainable retention 
after implantation. Long term retention of intramyocardially injected cells, including 
cardiomyocytes, is negligible (<1%; (Nguyen et al., 2016)). Substantially more cardiomyocytes are 
retained after delivery via an epicardial patch approach ((Riegler et al., 2015); refer also to own 
data from additional rat and NHP model data in IMPD). Approximately 0.8-1 billion cardiomyocytes 
(i.e., 25% of the left ventricle) are lost in patients with advanced stage heart failure (Gepstein, 
2002) Bergmann et al. 2015). Replacing the lost cardiomyocytes and thereby restoring heart 
function is the primary goal of cardiomyocyte therapeutics.  

For the epicardial delivery, we propose a tissue engineered product, namely EHM, for epicardial 
application as BioVAT. The EHM-IMP is composed of defined mixtures of iPSC-derived 
cardiomyocytes and stromal cells seeded in a collagen type I hydrogel, cast into custom-made 
molds to obtain a desired geometry, and conditioned by exposure to mechanical load to simulate 
the hemodynamic loading conditions during a natural contraction-relaxation cycle of the heart 
(Tiburcy et al., 2017) (refer to IMPD for details).   

The proposed primary mode of action (MoA) is functional remuscularization of the targeted 
hypokinetic heart wall (Fujita and Zimmermann, 2017a), resulting in (1) enhanced target heart wall 
thickness and (2) enhanced target heart wall thickening fraction.  

The primary target patient population comprises subjects with advanced heart failure with a 
reduced ejection fraction (HFrEF; EF ≤ 35%) despite optimal medical therapy (OMT) and 
segmental hypo- or dyskinesia of the left ventricular (LV) free wall. This patient population is 
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according to guideline recommendations protected from sudden cardiac death by implanted 
cardioverter/defibrillator (ICD) devices. Patients may be listed for heart transplantation, but are 
unlikely to receive a heart transplant due to for example age (>65 of age), blood group, and co-
morbidities or other exclusion criteria. By targeting the hypokinetic heart wall with contractile EHM, 
we aim at a functional remuscularization, which will, if successful, improve local and global heart 
function and patient outcome (mortality and quality of life).  

Preclinical allograft (Didie et al., 2013; Zimmermann et al., 2002; Zimmermann et al., 2006) and 
xenograft (Qin et al., 2016; Riegler et al., 2015; Tiburcy et al., 2017) studies in rodents and in 
Rhesus macaque (unpublished data in IMPD) have demonstrated the feasibility of EHM 
implantation onto the beating heart via a left-lateral mini-thoracotomy, using a similar route of 
administration as used for surgical Transapical Aortic Valve Implantation (TAVI), Minimally 
Invasive Direct Coronary Artery Bypass (MIDCAB) surgery, or surgical placement of epicardial 
pacemaker leads. This will expose the target patient population to a minimal surgical risk with no 
anticipated mortality (own experience and experience from others (Puglisi et al., 2004)). The 
Rhesus macaque allo- and autograft study further underscored that this route of administration 
and the implantation of clinically relevant doses of a surrogate therapeutic candidate is safe 
without unwanted side effects (no deaths, no tumor, no arrhythmia, no LV perturbation, no immune 
suppression related complications).  

Patients will receive immune suppression, using a similar protocol as found effective in the Rhesus 
macaque study and commonly used in clinical organ transplantation, i.e., (1) calcineurin inhibitors 
(e.g., tacrolimus) and (2) methylprednisolone, to prevent BioVAT allograft rejection. Surveillance 
of graft retention will be by echocardiography and MRI as well as biomarkers, including allograft-
derived cell-free circulating DNA, which we aim to establish as an “online monitor” for graft 
retention/rejection (Beck et al., 2015). Patients will be on the BioVAT-HF study protocol for 12 
months with frequent clinical investigations (biomarkers, MRI/echocardiography, quality of life 
assessments; refer to Visit schedule below). After the 12-month study period, patients will be 
included in a registry off-study until death. In line with our preclinical data (6 months data in the 
Rhesus macaque model), we anticipate that remuscularization of the failing heart will be sustained 
and as such improve heart failure symptoms, quality of life, and ultimately mortality in patients with 
heart failure. 

1.4  Rational for choice of control interventions/comparators 

This is a first-in-patient study to obtain safety and efficacy data from patients with advanced heart 
failure. The lowest EHM dose was chosen as a minimally effective dose (MED) based on the 
observed effect in the pivotal preclinical non-human primate study (unpublished; refer to IMPD). 
Data from the BioVAT-HF trial will be compared to the data from patients under standard of care. 
Given the intention to treat design of the BioVAT-HF first-in-patient trial it is not acceptable to 
include a placebo control intervention. 

1.5  Rational for dose selection 

We propose a dose finding study with the highest dose tested preclinically in large animal models 
(Rhesus macaque; 5x EHM assemblies) as a starting dose. The starting dose (minimal effective 
dose [MED]) is selected because of an anticipated and clearly discernible effect on target heart 
wall thickness (we anticipate an increase in heart wall thickness by 5 mm according to our 
observations in the Rhesus macaque study). EHM patches will be sutured to cover hypo- or 
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dyskinetic myocardium with suture points in the surrounding healthy myocardium, similarly as 
performed in previous studies (Didie et al., 2013; Riegler et al., 2015; Tiburcy et al., 2017; 
Zimmermann et al., 2002) and further refined in the completed Rhesus macaque study (refer to 
IMPD for a detailed description of the implantation procedure). To prevent potential epicardial 
bleeding events, EHM implants are stabilized with a 4.8x4.8 cm fibrinogen (5.5 mg cm2) and 
thrombin (2 I.U./cm2) coated equine collagen membrane (TachoSil®; BLA125351, 
EU/1/04/277/001-005; Takeda).  

EHM-patch assemblies will be prepared by an overlapping sandwich format strategy. The Figure 
below depicts an individual EHM patch, a schematic of an assembly of 5 EHM (low dose), and the 
strategy to stack 2 (mid dose) and 4 (high dose) layers of 5-EHM assemblies (Fig. 1): 

Figure 1 EHM dosing 

 
The BioVAT stacking strategy can be adapted according to individual clinical needs. For the dose 
escalation part of the BioVAT-HF trial multiples of 5x EHM comprising 200 (5x EHM), 400 (10x 
EHM), 600 (15x EHM), or 800 (20x EHM) million cells are considered; this may be further adapted 
as to recommendations by the dose determining committee (DDC). With the highest dose we aim 
to match the loss of cardiomyocytes as it typically occurs in advanced heart failure (Fujita and 
Zimmermann, 2017a; Gepstein, 2002).  

Patients will be under standard heart failure medication. Rejection of EHM allografts will be 
prevented by clinically established (in OHT) immune suppression (Costanzo et al., 2010), 
including calcineurin inhibition (Tacrolimus: 5-15 ng/ml or Cyclosporine A: 150-375 ng/ml) and 
corticosteroids (5-10 mg/day; 0.15 mg/kg bodyweight * day) starting 7±3 days before EHM 
implantation. Adaptations of immune suppression may be acceptable according to clinical 
recommendations. Specific criteria are defined for stopping immunosuppression and thus initiating 
graft rejection, in case of immune suppression-related complications or lack of a defined treatment 
outcome. In the ESCORT trial (Menasche et al., 2018), with a weaning of immune suppression 1-
2 months after cell implantation, and in our own studies in Rhesus macaque after withdrawal of 
immune suppression in a study subcohort (refer to IMPD) no evidence for rejection related events 
were observed.  
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1.6 Risk-benefit assessment 

Administration of immune suppression will start 7±3 days before EHM implantation. This allows 
for an individual dose adjustment of the calcineurin inhibitors to steady state levels and the 
identification of potential side effects (e.g., liver damage [increase in ALT/AST], kidney damage 
[increase in creatinine]) prior to EHM implantation. Calcineurin inhibition will be continuously 
applied throughout the study and beyond the 12 month study period if clinical follow-up suggests 
efficacy of EHM implantation without safety concerns. Corticoids (preferably methylprednisolone) 
will be maintained at low dose to avoid Cushing symptoms and weaned after 3-6 months in line 
with the proceeding in heart transplant patients.  

The surgical procedure related risk of a EHM implantation via a minimal left lateral thoracotomy is 
best compared to the low risk associated with the surgical fixation of epicardial pacemaker leads 
(experience of the participating surgical teams and for example (Puglisi et al., 2004)). Typical 
surgical complications include bleeding, adhesions, and impaired wound healing.  

The immune suppression protocol and surgical procedure were simulated in a pivotal preclinical 
Rhesus macaque allo- and autograft study at dose levels simulating the starting dose for the 
BioVAT-HF trial (5x EHM assemblies). Moreover, the 5x EHM assembly in Rhesus macaque 
represents a 50x EHM assembly dose in human according to allometric scaling (body and heart 
weight in Rhesus macaque is approximately 1/10 of the body and heart weights in human 
subjects). No critical unwanted effects (no deaths, no tumor, no arrhythmia, no perturbation of 
heart function, no immune suppression related complications) were observed at the tested doses, 
establishing a safety margin of 2.5 compared to the maximal feasible dose (MFD; 20x EHM). For 
details refer to IMPD.  

Patients will remain hospitalized for 2 weeks after EHM implantation and will be closely monitored 
for side effects, in particular for arrhythmia. Arrhythmia (ventricular tachycardia) represent the 
main complications in preclinical studies, testing iPSC-derived cardiomyocytes injections (Chong 
et al., 2014; Liu et al., 2018b; Romagnuolo et al., 2019; Shiba et al., 2016). Conversely, arrhythmia 
were not observed in preclinical studies of tissue engineered heart repair, which is most likely 
explained by the implantation of a preformed functional syncytium in tissue engineering 
approaches, rather than individual mostly spontaneous active cardiomyocytes. The observation 
of ectopy rather than re-entry in macaque models is in agreement with this assumption (Liu et al., 
2018b). Patients will be under OMT, which includes ICD/CRT-D for protection from sudden cardiac 
death. Controlled rejection of BioVAT implants by withdrawal of immune suppression will serve as 
a rescue measure if intolerable side effects occur. 

Patients will remain under standard of care, which may include inotrope treatment, mechanical 
circulatory support, and OHT as clinically indicated.    

A DSMB, comprised of external independent experts with expertise in cell-based heart repair 
studies will be charged with the oversight of the clinical trial: Prof.. P. Menasche. Paris 
(Cardiothoracic Surgeon), Prof. S. Janssens, Leuven (Cardiologist), Prof. S. Zohar, Paris 
(Statistician) have agreed to be members of the BioVAT-HF DSMB. The DSMB may recommend 
that the sponsor suspends enrolment, amends the study or discontinues the study at any time. 
Clinical investigators will report all events to the principle investigator (PI). PI will report all events 
to the sponsor and the DSMB. DSMB will review events and recommend continuation, 
modification, or discontinuation of the study. Discontinuation will be by stopping the immune 
suppression and thus initiating graft rejection. Discontinuation will be according to pre-specified 
stopping criteria such as (1) immune suppression related complications (e.g., sepsis, kidney 
failure, liver failure), (2) lack of EHM patch retention (e.g., no evidence for enhanced thickness of 
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the target hypokinetic heart segment), (3) graft related perturbations of heart function (e.g., 
sustained arrhythmia, decrease of EF, end-organ failure due to low-output syndrome), or (4) 
exaggerated disease progression (e.g., increased frequency in recurrent hospitalizations due to 
worsening of heart failure, need for sustained inotrope support). 

Preclinical studies have provided no palpable evidence for toxicity or tumorigenicity of EHM 
implantation (refer to IMPD). Potential risks associated with the nature of the IMP and companion 
treatment (immune suppression), include arrhythmia (as a result of faulty cardiomyocyte 
integration), tumor formation (as a result of pluripotent stem cell impurities), perturbation of heart 
function (as a result of mechanical compression or constriction of the heart), and immune 
suppression related side effects.   

2 Objectives and endpoints 

Table 2 Objectives and related endpoints 

 Objective Endpoint 

Primary To assess safety and efficacy of 
engineered human myocardium 
(EHM) in patients with terminal 
heart failure (HFREF EF ≤ 35%). 

Evidence for anatomical and functional 
muscular augmentation of target 
myocardium determined as enhanced 
target heart wall thickness and thickening 
fraction 

Secondary  To assess effects of EHM-grafts 
on disease-specific events and 
symptoms 

Key secondary endpoint: 
Frequency of recurrent hospitalizations for 
worsening of heart failure 
 
Further secondary endpoints: 
 Identification of a Minimal Effective 

Dose (Dose Finding Cohort) 
 Identification of the Optimal Effective 

Dose Range (Dose Finding Cohort)  
 Change of EF 
 Change in functional status in patients 

by six-minute walk test (6MWT), hand-
grip strength, and cardiopulmonary 
stress testing (VO2max) 

 Change in patient reported outcomes 
assessed by NYHA classification, 
quality of life score (MLHFQ, KCCQ, 
EQ-5D), and physical score (SF-36) 

 All-cause and cardiovascular mortality 

Safety   Frequency of major adverse cardiac 
events (MACE; non-fatal myocardial 
infarction, non-fatal stroke, and 
cardiovascular death) 

 Frequency and severity of arrhythmic 
events 
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 Objective Endpoint 
 Incidence of immune rejection (DNA, 

CK/CK-MB, cTnT, circulating cell-free 
allograft DNA)  

 Incidence of mechanical perturbation of 
ventricular function by EHM graft 

 Identification of a Safe Maximal Dose 
(SMD) or Maximum Tolerated Dose 
(MTD) in Dose Finding Cohort 

 

2.1 Evaluation of primary / secondary objectives and endpoints 

Safety and efficacy of EHM implantation will be key outcome measures. These will inform the 
strategy to advance EHM-based heart repair from early clinical testing towards routine clinical 
application. The dose finding cohort will define the Optimal Effective Dose Range. Based on our 
preclinical work and allometric scaling efforts we anticipate that EHM size, rather than toxicity, will 
be dose-limiting in the selected patient cohort. Accordingly, we consider 20 EHM the Maximum 
Feasible Dose (MFD). In a pivotal preclinical study in a non-human primate model, 1x to 5x EHM 
assemblies, representing clinical doses of 10x to 50x EHM according to allometric scaling were 
tested and found to not be associated with dose limiting toxicity. These observation provide a 
comfortable (2.5) safety margin. After determination of the optimal effective dose range (identified 
by an increase in target heart wall thickness and systolic thickening fraction), we aim at testing LV 
and RV support in a refinement cohort to address the unmet need for functional augmentation by 
muscularization in both ventricles. The expansion cohort, targeting the LV or RV according to 
DSMB recommendations, will serve to consolidate the safety and efficacy data.  

Outcome measures will be determined by MRI or echocardiography as well as recording of heart 
failure symptoms. Safety outcome will be supported by ECG and if clinically indicated pulmonary 
artery pressure telemetry recordings and biomarkers (CK/CK-MB, BNP). Enhanced heart wall 
thickness with enhanced thickening fraction as primary efficacy endpoint was chosen to best 
determine retention and function of EHM-grafts, which will be key for therapeutic impact. Heart 
wall augmentation by EHM implants has been used and validated in preclinical studies (Didie et 
al., 2013; Zimmermann et al., 2006); refer to IMPD for data from the pivotal non-human primate 
study); we further anticipate that enhanced thickness of the ventricular wall will reduce heart wall 
stress according to the LaPlace law and by implantation of contractile EHM result in biological 
ventricular assistance best assessed by an enhancement of wall thickness and systolic thickening 
fraction. As key secondary endpoint, recurrent hospitalization due to worsening of heart failure 
was chosen because it may best represent the trajectory of disease progression and quality of life 
in the proposed patient population. 

3 Clinical trial plan 

3.1 Trial design 

This is a combined, open-label, 3-stage, phase I/II safety and efficacy study investigating induced 
pluripotent stem cell-derived engineered human myocardium (EHM) as biological ventricular 
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assist tissue (BioVAT) in patients with terminal hear failure. 53 patients will be recruited over 30 
months. The study consists of three consecutive phases (Fig. 2). 

Figure 2 Trial design 

 

3.2 Treatment phases 

l patients in this trial receive induced pluripotent stem cell (iPSC)-derived EHM as BioVAT. 

Within phase I a dose finding regimen to determine the Optimally Effective Dose Range and if 
possible the Safe Maximal Dose (SMD) of EHM will be applied (Fig. 2). A minimum of 8 and a 
maximum of 18 patients will be included with 4 patients treated with the identified MFD. 5x EHM 
assemblies will be applied as starting dose. 5x EHM assemblies resulted in an augmentation of 
the target heart wall by ~5 mm in the pivotal macaque study and thus is considered a minimally 
effective dose (MED) in the BioVAT-HF study. Dose escalation may be recommended after review 
of the clinical data obtained during the first 4 weeks after treatment of the first two patients in each 
dosing cohort by the Dose Determining Committee (DDC). Multiples of 5x EHM assemblies, i.e. 
5, 10, 15, 20x EHM assemblies are considered as dosing intervals (refer to IMPD and page 26 for 
details). Up to 4 patients may be included in each dose cohort. The earliest time point for inclusion 
of a second patient in each dose cohort is 4 weeks after treatment of the first patient in the 
respective dose cohort.  

During phase II the most optimal EHM target heart wall, i.e., the left ventricle (LV) or the right 
ventricle (RV) will be specified (Fig. 2). In this phase ten patients will receive EHM-implantation on 
LV (n = 5) or RV (n = 5). RV treatment addresses the unmet need for RV support in patients 
referred to a surgical intervention on the LV (i.e., CABG, LVAD, valve reconstruction) with 
concurrent RV failure.  

After evaluation of phase II further patients (n = 25) will be included to collect proof-of-concept 
data as to efficacy of EHM mediated assistance/augmentation of the LV or RV (target heart wall 
determined in phase II) within the final phase III (Fig. 2). 
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3.3 Treatment duration 

With respect to experience from preclinical studies and similar surgical procedures the 
implantation of EHM-patches will take approximately 1 h. Immunosuppressive treatment will be 
started 7±3 days prior to the scheduled EHM implantation and continued for 12 months unless 
unwanted effects require withdrawal of immune suppression for controlled EHM rejection. Immune 
suppression will be continued off-study if patients present evidence for efficacy (i.e., enhanced 
heart wall thickness, enhanced heart wall thickening fraction, improved symptoms) without 
palpable safety concerns. Patients will be included in a registry off-study until death (BioVAT-HF 
Registry). Data from routine heart failure management will be recorded.   

3.4 Number of patients 

Up to 53 patients are planned to be enrolled in the trial (Phase I: max. 18, Phase II: 10, Phase III: 
25). 

3.5 Participating sites 

The three participating sites are highly specialized centers for heart failure therapy: 

University Medical Center Göttingen:   

PI: Prof. Dr. I Kutschka (Cardiothoracic [CT] Surgery) 

Deputy: Prof. Dr. G. Hasenfuß (Cardiology) 

 

University of Schleswig-Holstein, Campus Lübeck:   

PI: Prof. Dr. S. Ensminger (CT Surgery) 

Deputy: Prof. Dr. I. Eitel (Cardiology) 

 

Heart Center Bad Oeynhausen:    

PI: Prof. Dr. J. Gummert  (CT Surgery) 

Deputy: Prof. Dr. V. Rudolph (Cardiology) 

3.6 Recruitment rate 

The participating centers run active heart failure programs, including specific programs for OHT 
and/or LVAD implantation. Other physicians may refer patients to the study via consultation with 
the primary study center in Göttingen. The participating centers have agreed to recruit 12 
patients/year to the BioVAT-HF trial. 

3.7  Trial timetable 

Planned dates: 
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Enrolment of first patient, first patient in (FPI) 4th quarter 2020 

Enrolment of last patient, last patient in (LPI) 2nd quarter 2023 

End of trial for last patient, last patient last visit (LPLV) 2nd quarter 2024 

Final statistical analysis 3rd quarter 2024 

Planned interim analysis After end of phase I and 
phase II and after half of 
the patients in Part II+III 
with either LV or RV 
administration of EHM 
(i.e., in total 15 patients) 
have completed the 12 
month follow-up. 

4 Trial population and selection criteria 

4.1 Target population  

Patients will only be allowed to enter the trial if they provide written informed consent to their 
participation (following full explanation of the trial) (see section 5.1). 

4.1.1 Health condition studied 

Patients with terminal heart failure will be enrolled into this trial; eligible patients must present with 
reduced ejection fraction (EF ≤ 35%) and overt heart failure symptoms (NYHA III-IV), be on OMT 
with no realistic chance for heart transplantation or be ineligible for heart transplantation. A hypo- 
or dyskinetic free heart wall must be identified as target for EHM implantation. 

4.1.2 Gender distribution 

There will be no selection of patients according to gender. No evidence for differences in outcome 
are anticipated for male and female subjects. In agreement with other clinical trials in patients with 
endstage heart failure, we anticipate an overrepresentation of male subjects. 

4.2 Inclusion criteria 

Patients eligible for this trial must meet all of the following criteria:  

1. HFrEF (EF ≤ 35%) as assessed by echocardiography or MRI 
2. No realistic chance or not eligible for heart transplantation 
3. At least one hypo- or dyskinetic segment to demark the implant target area 
4. Stable disease condition allowing for an elective left-lateral mini-thoracotomy (for LV 

applications) or open-chest surgery (for RV applications) for a clinically indicated 
intervention on the LV (e.g., coronary bypass surgery, valve repair) with concomitant RV 
dysfunction, diagnosed using the Tricuspid Annular Plane Systolic Excursion (TAPSE) 
index <16 mm (Rudski et al. 2010).  
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5. 18-80 years of age 
6. Previous implantation of an ICD or CRT-D with event recorder 
7. New York Heart Association (NYHA) Class III or IV under optimal therapy  
8. Willingness and ability to give written informed consent 

4.3 Exclusion criteria 

Patients eligible for this trial must not meet any of the following criteria: 

1. Contraindication to immunosuppressive drugs (e.g. history of unresolved cancer, 
infections like hepatitis B/C, HIV, HTLV1)  

2. Hypertrophic cardiomyopathy (HCM) 
3. Terminal kidney failure (stage 4; GFR <30 ml/min) 
4. Terminal liver failure (Child-Pugh stage C; score >10) 
5. Alloimmunization against EHM implant cells  
6. Autoimmune disease 
7. History of stroke 
8. Reduced life expectancy in the short term due to non-cardiac disease 
9. Simultaneous participation in another interventional trial 
10. Pregnant or breastfeeding females 
11. Known or suspected alcohol and/or drug abuse 

5 Enrolment and patient registration 

5.1 Patient eligibility 

The investigator will inform the patient about the trial and ask the patient for his/her written consent. 
It is imperative that written consent is obtained prior to any trial-specific procedures. The 
investigator will then record the details of these trial patients on the following trial-specific lists: 

– Subject identification log: A confidential log of the names of all trial patients with the 
identification codeFehler! Textmarke nicht definiert.. However, Sponsor representatives, 
clinical research associates (CRAs), auditors and representatives of competent authorities 
(CA) must be allowed to inspect the list on request. However, Sponsor representatives, clinical 
research associates (CRAs), auditors and representatives of competent authorities (CA) must 
be allowed to inspect the list on request. 

 
Afterwards the investigator will check the in- / exclusion criteria. Only if the patient has signed the 
informed consent and meets all of the inclusion criteria and none of the exclusion criteria the 
patient is eligible for the study. 
 
Furthermore the investigator should ask the patient to provide biological samples for the DZHK-
Biobank project. A separate consent form needs to be signed for drawing biological samples for 
this project. This consent-process is independent from the BioVAT-HF-study and patients can 
participate in the BioVAT-HF without consent for the DZHK-Biobanking project 
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5.2 Patient registration  

Patient registration will be done within the eCRF(secutrial). After registration an individual Patient 
Identification number will be assigned to each patient 

6 Treatment plan and procedure  

6.1 Dosing regimen and IMP administration  

Immune suppression (calcineurin inhibitor combined with a corticoid) will be started 7±3 days prior 
to the scheduled EHM implantation. Dosing of the calcineurin inhibitor and corticoid will be daily 
per os according to standard protocols in patients with heart transplantation, i.e. Tacrolimus (5-15 
ng/ml) or Ciclosporine A (150-375 ng/ml) and Methylprednisolone (5-10 mg/day; ~0.15 mg/kg 
bodyweight * day). Trough levels for the administered calcineurin inhibitor will be assessed before 
EHM implantation and dose adjusted if needed.  

Adaptations of immune suppression, for example administration of other calcineurin inhibitors or 
other immune suppressants in clinical use in organ transplantation (e.g. MMF), may be acceptable 
if clinically indicated and recommended by the treating physician.  

EHM will be delivered individually from the manufacturing site (University Medical Center 
Göttingen) to the point-of-care and assembled to 5x, 10x, 15x, or 20x EHM assemblies at the 
point-of-care (refer to IMPD). EHM assemblies will be sutured to a TachoSil® membrane (refer to 
IMPD) and then sutured to the target heart wall via a left lateral thoracotomy. 

Table 3 Dosing schedule 

Study phase ATMP form and route 
of administration 

Dose Regimen 

Part I: Dose 
finding cohort 

Implantation of EHM 
assemblies to the LV 
composed of increasing 
EHM layers 

5x EHM 
10x EHM 
20x EHM 
 
 
Dosing 
intervals will 
be 
recommended 
by the DDC 
and may 
include an 
intermediate 
dose of 15x 
EHM  

Minimum (8 patients): 
Patient I: 5x EHM 
Patient II: 5x EHM 
Patient III:10x EHM 
Patient IV:10x EHM 
Patient V: 20x EHM 
Patient VI: 20x EHM 
Patient VII: 20x EHM 
Patient VIII: 20x EHM 
 
Maximum (18 patients): 
Patients I-IV: 5x EHM 
Patients V-VIII: 10x EHM 
Patients IX-XII: 15x EHM 
Patients XIII-XVI: 20x EHM 
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Study phase ATMP form and route 
of administration 

Dose Regimen 

Part II: 
Refinement 
cohort 

Implantation of EHM 
patches to LV and RV  

Dose for LV 
as defined in 
Part 1 
Dose for RV 
suggested by 
DDC after 
DSMB review 
(approx.. 50% 
of optimal 
dose 
determined in 
Part I) 

Patients will be included in LV 
and RV cohorts according to 
eligibility for LV or RV 
augmentation. 

Part III: 
Expansion 
cohort 

Implantation of EHM 
patches to LV or RV 
according feasibility, 
safety and efficacy 
considerations obtained 
from Part II. 

Dose 
according to 
Part II 

Extension from Part II 

6.2 Dose modification and dose delay / or dose reduction 

There will be no modifications of the IMP dose after EHM implantation. Immune suppression may 
be adapted according to clinical routine proceedings in case of evidence for immune suppression 
related toxicity (liver, kidney) or rejection. Withdrawal of immune suppression may be 
recommended in case of intolerable unwanted effects. Immune suppression dose reduction or 
withdrawal must be recorded on the appropriate eCRF page. 

6.3 Concomitant treatment/medication 

6.3.1 Permitted prior/concomitant treatment/medication 

Treatment with transfusions (red blood cells and platelets) and supportive care are permitted after 
the initiation of study treatment. 

The patient must notify the investigational site of any new medication he/she starts taking after the 
start of the trial medication. All medications (other than IMP) and significant non-drug therapies 
(including physical therapy and blood transfusions) administered after the patient starts treatment 
with IMP must be listed in the eCRF. 

6.3.2 Guidelines for rescue medications and/or non-drug therapies  
or supportive care 

Patients should receive treatment/medication appropriate to their clinical condition in an 
emergency. The following alternative treatments could be given in an emergency: 
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Withdrawal of immune suppression to initiate controlled rejection of EHM implants in case of 
intolerable side effects.   

6.3.3 Permitted concomitant therapy requiring caution and/or action 

Calcineurin inhibitors (tacrolimus and cyclosporine) are substrates of CYP3A4. Pharmacokinetic 
interactions with other CYP3A4 substrates, inhibitors and activators (such as for example HMG-
CoA reductase inhibitors) must be considered according to standard clinical practice.  

6.3.4 Prohibited concomitant therapy 

CYP3A4 accelerating drugs (e.g., St. John’s Worth) must not be administered. Patients must be 
informed about the potential need for dose modification if CYP3A4 inhibitors (e.g., macrolide 
antibiotics, HMG-CoA reductase inhibitors) are concurrently administered.  Control of trough levels 
of calcineurin inhibitors must be performed according to routine practice and dosing adjusted 
accordingly.   

6.4 Unblinding of treatment assignment 

Not applicable, trial is unblinded. 

6.5 Treatment and Follow-up after end of the trial 

Upon completion of the BioVAT-HF trial with 12 months follow-up, study subjects will be included 
in a registry off-study until death. Immune suppressive therapy will be continued according to the 
German treatment guidelines in patients with organ transplantation to prevent rejection of EHM.   

7 Visit schedule and assessments 

7.1 Flow and visit schedule 

A detailed Flowchart is provided in Table 1 Visit schedule and assessments – Flowchart 

The schedule of assessment lists all of the assessments and indicates with an “x” when they have 
to be performed. All data obtained from these assessments must be available in the patient’s 
source documentation. 

7.2 Visit and assessment windows 

During the course of the trial, visits and test procedures should occur on schedule whenever 
possible; visits that occur within a certain timeframe from the scheduled date will not constitute a 
protocol deviation. These timeframes are defined in Table 1 and the following descriptions. 
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7.3 Study registration (Visit 1, Month -4 to -1) 

The investigator is obliged to give the patient thorough information about the trial and the trial 
related assessments, and the patient should be given ample time to consider his or her 
participation. The investigator must not start any trial-specific procedure before Informed Consent 
Form (ICF) is signed and dated by both the patient (and impartial witness, if applicable) and the 
investigator. The investigator must keep the original signed ICF (a signed copy is given to the 
patient), (see section 15.3). Study registration visit is performed 4 to 1 month before Implantation.  
Patients considered eligible by the investigator will be included and registered to the trial (see 
section 5.2). 

Following data will be collected during the registration visit (please refer to section 7.8 for a precise 
definition of assessments): 

– Informed consent 
– Verification of inclusion / exclusion criteria 

7.4 Baseline (Visit 2, Day -10 to -5) 

The data that will be collected at baseline include the following (please refer to section 7.8 for a 
precise definition of assessments): 

– Verification of inclusion / exclusion criteria 
– Medical history 
– DZHK basic data set 
– Concomitant heart failure medications 

 
Laboratory assessments: 

– CBC with differentials and platelet count 
– CRP, IL6 
– Liver panel 
– Albumin 
– Serum Creatinine 
– PTT or PT/INR as applicable 
– Plasma free haemoglobin; Iron 
– Troponins (high-sensitive troponin T), CK, CK-MB 
– NT-proBNP 
– Pregnancy Test (for females of childbearing potential) 
– Blood draw for allograft DNA assessment 
– HLA/KIR-Typing 
– Donor Specific Antigens 
 
Further assessments / Scores 
– 12-lead ECG 
– Transthoracic Echocardiography (TTE) 
– Cardiac-MRI (if possible) 
– Cardiopulmonary exercise testing 
– Hand grip strength 
– 6 minute walking test 
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– EuroSCORE II; Logisitc EuroSCORE I, if site uses it as a standard risk calculator (not 
mandatory) 

– Positron-Emmission Tomography (FDG-PET) (not mandatory, only if used as standard of care) 
 
Quality of life questionnaires (patient reported outcome) 
– MLHFQ 
– SF-36  
– KCCQ 
– EQ-5D 
 
Treatment / therapy: 
– ICD/CRTD-event recorder readout 
– DZHK-Biobanking Data Set (not mandatory, only if separate Consent available) 

7.5 Start of Immunosuppression (Visit 3, Day -10 to -4) 

Immune suppression (calcineurin inhibitor combined with a corticoid) will be started 7±3 days prior 
to the scheduled EHM implantation. Dosing of the calcineurin inhibitor and corticoid will be daily 
per os according to standard protocols in patients with heart transplantation, i.e. Tacrolimus (5-15 
ng/ml) or Ciclosporine A (150-375 ng/ml) and Methylprednisolone (5-10 mg/day; 0.15 mg/kg 
bodyweight * day). 

Further data to be collected: 

-  Adverse events  

- TDM Calcineurin Inhibitors 2-3 days after start of immune suppression 

7.6 Implantation (Visit 4; Day 0) 

On this day, EHM patch implantation will be performed. Before surgical procedures following data 
has to be collected: 

– Reduced DZHK basic data set according to chapter 7.8.2 
– Concomitant heart failure medications 
– Adverse events 

 
Laboratory assessments: 
– CBC with differentials and platelet count 
– CRP, IL6 
– Liver panel 
– Albumin 
– Serum Creatinine 
– PTT or PT/INR as applicable 
– Plasma free haemoglobin; Iron 
– Troponins (high-sensitive troponin T), CK, CK-MB 
– NT-proBNP 
– Blood draw for allograft DNA assessment 
 
Further assessments / Scores 
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– 12-lead ECG 
– Transthoracic Echocardiography (TTE) 
 
Treatment / therapy: 
– ICD/CRTD-event recorder readout 
– TDM Calcineurin Inhibitors (see chapter 7.5) 

7.7  Follow up 

Following implantation of EHM as BioVAT (Visit 4), the patient will remain hospitalized for 2 weeks 
to monitor potential adverse events and adjust the calcineurin inhibitor dose according to TDM 
data obtained every day after EHM implantation. After release from the hospital, patients are 
scheduled for follow-up visits 1, 3, 6 and 12 months after BioVAT implantation. For details see 
sections below. 

7.7.1 Assessments at Visit 5 (Week 2 ± 2 days) 

– Reduced DZHK basic data set according to chapter 7.8.2 
– Concomitant heart failure medications 
– Adverse events 

 
Laboratory assessments: 
– CBC with differentials and platelet count 
– CRP, IL6 
– Liver panel 
– Albumin 
– Serum Creatinine 
– PTT or PT/INR as applicable 
– Plasma free haemoglobin; Iron 
– Troponins (high-sensitive troponin T), CK, CK-MB 
– NT-proBNP 
– Blood draw for allograft DNA assessment 
 
Further assessments / Scores 
– 12-lead ECG 
– Transthoracic Echocardiography (TTE) 
– Cardiac MRI (if possible) 
– Cardiopulmonary exercise testing 
– Hand grip strength 
– 6 minute walking test 
– EuroSCORE II; Logisitc EuroSCORE I, if site uses it as a standard risk calculator (not 

mandatory) 
 
Quality of life questionnaires (patient reported outcome) 
– MLHFQ 
– SF-36  
– KCCQ 
– EQ-5D 
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Treatment / therapy: 
– ICD/CRTD-event recorder readout 
– TDM Calcineurin Inhibitors (see chapter 7.5) 

7.7.2 Assessments at Visit 6 (Month 1 ± 7 days), Visit 7 (Month 3 ± 7 days), and Visit 8 
(Month 6 ± 7 days) 

– Reduced DZHK basic data set according to chapter 7.8.2 
– Concomitant heart failure medications 
– Adverse events 

 
Laboratory assessments: 
– CBC with differentials and platelet count 
– CRP, IL6 
– Liver panel 
– Albumin 
– Serum Creatinine 
– PTT or PT/INR as applicable 
– Plasma free haemoglobin; Iron 
– Troponins (high-sensitive troponin T), CK, CK-MB 
– NT-proBNP 
– Blood draw for allograft DNA assessment 
– Donor Specific Antigens 
 
Further assessments / Scores 
– 12-lead ECG 
– Transthoracic Echocardiography (TTE) 
– Cardiac MRI (if possible) 
– Cardiopulmonary exercise testing 
– Hand grip strength 
– 6 minute walking test 
– EuroSCORE II; Logisitc EuroSCORE I, if site uses it as a standard risk calculator (not 

mandatory) 
 
Quality of life questionnaires (patient reported outcome) 
– MLHFQ 
– SF-36  
– KCCQ 
– EQ-5D 
 
Treatment / therapy: 
– ICD/CRTD-event recorder readout 
– TDM Calcineurin Inhibitors (see chapter 7.5) 
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7.7.3 Assessments at Visit 9 (Month 12 ± 7 days) 

Assessments will be done according to visits 6 - 8. Optional, a Positron-Emission Tomography 
(FDG-PET) can be performed, if it is done according to standard of care. 

7.8 Assessments and specifications 

7.8.1 Medical history 

Stage D heart failure patients (Yancy et al., 2013) with a documented history of LVEF ≤35% are 
eligible to enrol in the BioVAT-HF trial. LVEF will be re-evaluated by echocardiography (ECHO; 
refer to description in 7.8.7) and/or magnetic resonance imaging (MRI; refer to description in 
7.8.8). Upon the baseline visit medical history is gathered according to DZHK-SOPs:  
 
DZHK-SOP-K-01 „Basisdatensatz Anamnese/Klinische Diagnosen/Körperliche Untersuchung”  
DZHK-SOP-K-02 „Anamnese/Klinische Diagnosen“  
 
Data will be reported according to the eCRF modules in DZHK-SOP-K-01 and DZHK-SOP-K-02. 

7.8.2 DZHK basic data set 

For the DZHK basic data set data collection is performed according to DZHK-SOP_K_01 
“Basisdatensatz – Anamnese/Klinische Diagnosen/Körperliche Untersuchung”. For baseline visit 
all mentioned examinations have to be performed. For all other visits a reduced data set should 
be collected. Items not necessary are marked in the distributed DZHK-SOP_K_01 
“Basisdatensatz – Anamnese/Klinische Diagnosen/Körperliche Untersuchung”. 

7.8.3 Concomitant heart failure medications 

Patients will be under optimal medical therapy, according to the most recent guidelines (i.e., at 
present the 2016 ESC Guidelines).  

7.8.4 Pregnancy Test (for females of childbearing potential) 

Recommendation by the Clinical Trial facilitation Group as to contraception and pregnancy testing 
will be followed (www.hma.eu/fileadmin/dateien/Human_Medicines/01-
About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf).  

Women of childbearing potential will be subjected to urinary pregnancy testing at baseline to 
confirm eligibility in the trial (see Table 1). During the study period women of childbearing potential 
must adhere to appropriate contraceptive measures.  

The trial treatment cannot be withdrawn after administration. The concomitant immune 
suppression can be terminated, which will result in IMP rejection.  

In case of pregnancy, the pregnancy will be followed up by the sponsor to determine outcome, 
including spontaneous or voluntary termination, details of birth, and the presence/absence of any 
birth defects, congenital abnormalities or maternal and new-born complications. 

http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
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7.8.5 Laboratory assessments 

Collection of blood and urine will be according to DZHK-SOP-B01 for obtaining:  

(A) a DZHK Basic Set  

(B) a DZHK Study Set 

From the DZHK Study Set following blood tests will be performed: 

Blood tests: 

– CBC with differentials and platelet count 
– CRP, IL6 
– Liver panel 
– Albumin 
– Serum Creatinine 
– PTT or PT/INR as applicable 
– Plasma free haemoglobin; Iron 
– Troponins (high-sensitive troponin T), CK, CK-MB 
– NT-proBNP 
– Blood draw for allograft DNA assessment 
– HLA/KIR typing 
– Donor specific antigens (DSA) 

Urinalysis: 

– Pregnancy test 

Blood and urinalysis from the DZHK Study Set will be performed by the accredited central 
laboratories of the participating study sites. For circulating cell-free allograft DNA assessment, 
blood will be sent to the Liquid Biopsy Center in Göttingen (www.liquidbiopsy.center). Details on 
all laboratory procedures, collections, shipment of samples and reporting of results, alerting of 
extreme values and notable values to the principle investigator will be provided to investigators in 
the laboratory manual. The central laboratories of the study sites will provide the sponsor with a 
copy of the laboratory certification and tabulation of reference ranges for the individually measured 
parameters. 

Details on collection and handling of laboratory samples are provided in the laboratory 
manual/instruction. 

7.8.6 ECG 

A resting 12-lead surface electrocardiogram (ECG) will be performed at all visits according to 
DZHK-SOP-K-03. Each ECG tracing will be kept in the source documents at the investigational 
site. Data will be reported according to the eCRF module in DZHK-SOP-K03. 

7.8.7 Echocardiography 

Transthoracic echocardiography will be performed at all visits according to DZHK-SOP-K-08. The 
source data will be documented at the investigational site. Data will be reported according to the 
eCRF module in DZHK-SOP-K08.   

http://www.liquidbiopsy.center/
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7.8.8 Cardiac-MRI  

Cardiac MRI will be performed at the baseline (Visit 1) and follow-up visits (Visits 3-7) if possible 
according to DZHK-SOP-K-06. Patients with devices may not be eligible to MRI investigations. In 
these patients ECHO data will be used to investigate the primary (target heart wall thickness and 
thickening fraction) and secondary (LVEF) endpoints. The source data will be documented at the 
investigational site. Data will be reported according to the eCRF module in DZHK-SOP-K06. 

7.8.9 FDG-PET (optional; not mandatory) 

Data on heart and EHM glucose metabolism will be used as additional measures for EHM graft 
survival and integration if patients are subjected to FDG-PET analyses before or during the trial 
period. FDG-PET studies will not be performed as part of the BioVAT-HF trial, but may be clinically 
indicated. The participating centers will share the obtained FDG-PET data with the principle 
investigator for ancillary analyses.  

7.8.10 Cardiopulmonary exercise testing 

Spiroergometry will be performed at the baseline (Visit 1) and follow-up visits (Visits 3-7) according 
to DZHK-SOP-K-07 if possible, i.e., if patients can be subjected to the spiroergometry. The source 
data will be documented at the investigational site. Data will be reported according to the eCRF 
module in DZHK-SOP-K07. VO2 max will be reported as secondary endpoint. 

7.8.11 EuroSCORE II; Logistic EuroSCORE I (only if site uses it as a standard risk 
calculator, not mandatory) 

The surgical risk will be estimated at the baseline visit (Visit 1) using the EuroSCOREII risk 
calculator and/or logistic EuroScoreI if implemented as a standard at the participating study sites 
(http://euroscore.org/calc.html). 

7.8.12 Hand grip strength 

Hand grip strength is measured with a hand dynamometer. Maximum hand grip strength correlates 
well with total muscle mass. Loss in muscle mass or cachexia are associated with poor prognosis. 
Hand grip strength measurements will be done according to a SOP by the Nutritional Assessment 
Platform.    

7.8.13 6 minute walking test (6MWT) 

The 6MWT will be performed at the baseline (Visit 1) and follow-up visits (Visits 3-7) according to 
DZHK-SOP-K-04 if possible, i.e., if patients can be subjected to the 6MWT. The source data will 
be documented at the investigational site. Data will be reported according to the eCRF module in 
DZHK-SOP-K04. VO2 max will be reported as secondary endpoint. 

http://euroscore.org/calc.html
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7.8.14 Assessment of quality of life 

The Quality of life of the patients will be evaluated using the following Quality of Life Questionnaire: 

MLHFQ (Minnesota LIVING WITH HEART FAILURE® Questionnaire) 
The MLHFQ is used to determine whether a treatment for heart failure is effective for improving 
quality of life by reducing the adverse impact of heart failure. The standardized questionnaire is 
comprised of 21 questions as to physical, emotional and socioeconomic ways heart failure can 
adversely affect a patient’s life. After a standardized instruction patients patient mark a 0 (zero) to 
5 scale to indicate how much each item has prevented the patient from living as he or she wanted 
to live during the past 4 weeks. Patients will be provided with a paper questionnaire at the Baseline 
(Visit 1) and follow-up visits 2-5 (Visits 4-7).  
 
SF-36 (short form 36) 
The SF-36 questionnaire is a comprehensive measure of general health status. It includes one 
multi-item scale that assesses eight health concepts: 1) limitations in physical activities because 
of health problems; 2) limitations in social activities because of physical or emotional problems; 3) 
limitations in usual role activities because of physical health problems; 4) bodily pain; 5) general 
mental health (psychological distress and well-being); 6) limitations in usual role activities because 
of emotional problems; 7) vitality (energy and fatigue); and 8) general health perceptions. Patients 
will be asked to fill in the questionnaire at Baseline (Visit 1) and follow-up visits 2-5 (Visits 4-7).  
 
KCCQ (Kansas City Cardiomyopathy Questionnaire) 
The KCCQ is a 23-item instrument that quantifies physical function, symptoms (frequency, severity 
and recent change), social function, self-efficacy and knowledge, and QoL in patients with heart 
failure. Patients will be asked to fill in the questionnaire at Baseline (Visit 1) and follow-up visits 2-
5 (Visits 4-7).  
 
EQ-5D 
EQ-5D questionnaire measures health-related quality of life in cost-effectiveness analysis. 
Patients will be asked to fill in the questionnaire at Baseline (Visit 1) and follow-up visits 2-5 (Visits 
4-7). 

7.8.15 ICD/CRTD-event recorder readout 

ECG with potential arrhythmia events will be monitored by ICD or CRT devices with in-build event 
recorders. Data will be documented at visit 2 and 4-9. 

7.9 Additional biological specimen collection 

7.9.1 Biological specimen collection for translational program 

Biological samples will only be collected during the course of the trial if the patient consents to the 
DZHK-Biobanking project. Collection of biological samples is not mandatory for participation in the 
BioVAT-HF-study.  

Detailed instructions on sample collection, processing, handling and shipment are provided in the 
DZHK-SOP-B-02 “Biomaterial Provessing Basic Set”. Following sample are included in this SOP: 
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- Serum 
- EDTA-Plasma 
- Citrate-Plasma 
- Urine 
- Buffy Coat 

8 Discontinuation criteria 

8.1 Premature termination of one of the treatment arms or the entire trial 

The sponsor/coordinating investigator is under obligation to monitor the progress of the clinical 
trial with regard to safety-relevant developments and, if necessary, initiate the premature 
termination of a treatment arm or the entire clinical trial. The sponsor/coordinating investigator will 
be supported in this responsibility by the DSMB, if necessary. 

A treatment arm or the entire clinical trial must be terminated prematurely if: 

– the benefit-to-risk ratio for the patients changes markedly, 
– the sponsor/coordinating investigator OR the DSMB considers that the termination of the trial 

is necessary, 
– indications arise that the trial patients' safety is no longer guaranteed,  
– the question(s) addressed in the trial can be clearly answered on the basis of an interim 

analysis, 
– the questions(s) addressed in the trial can be clearly answered on the basis of results of 

another trial on the same subjects, 
– an insufficient recruitment rate makes a successful conclusion of the clinical trial 

unrealisable/no longer feasible. 

If the clinical trial is prematurely terminated or suspended for any reason, the investigator should 
promptly inform the trial patients and ensure appropriate therapy and follow-up for the patients. 
Where required by the applicable regulatory requirements, the CA(s) and the IEC(s) will also be 
informed (this is usually done by the sponsor). 

8.2 Premature termination of the trial at one of the trial sites  

Both the investigator and the sponsor have the right to terminate the trial at one of the sites.  

The clinical trial can be terminated prematurely at his site by the investigator if, for instance 
unforeseeable circumstances have arisen at the trial site which preclude the continuation of the 
clinical trial, the investigator considers that the resources for continuation are no longer available, 
the investigator considers that the continuation of the trial is no longer ethically or medically 
justifiable. 

The sponsor/coordinating investigator can initiate the exclusion of a site from further participation 
if, for instance, patient recruitment is inadequate, serious problems arise with regard to the quality 
of the collected data which cannot be resolved. 

Premature termination at one of the trial sites does not automatically mean a termination of the 
trial for already enrolled trial patients. A separate decision on further treatment must be made for 
each patient, depending on the overall situation. Adequate further treatment and follow-up of 
already enrolled trial patients must be ensured. The documentation of already enrolled trial 
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patients will be reviewed for completeness and plausibility. Queries may be raised for further 
clarification before the site is closed. These queries must be answered properly by the site. The 
CA(s) and IEC(s) must be duly notified of the site´s closure, including reasons, within the specified 
period. The trial site concerned will be closed in stages by the CRA when a decision has been 
made on the further treatment of the patients concerned. 

8.3 Discontinuation of trial treatment or trial participation for individual patients 

It has to be distinguished if trial treatment of a patient has been stopped prematurely (by 
withdrawal of immune suppression or surgical removal of the EHM implant) or if the trial 
participation of a patient was stopped prematurely.  

In the case trial treatment of a patient has been stopped prematurely, further follow-up visits and 
the assessment of the trial endpoints are essential to enable an analysis of the full analysis set 
according to the intention-to-treat principle. Further visits, follow-up and documentation should 
always be striven for/ensured in this case. This includes the follow-up of AEs, the time of 
termination, the results available at that time and, if known, the documentation of the termination 
of treatment on the eCRF and in the medical record, giving reasons, a final examination and 
documentation according to the protocol (if possible). 

In the case trial participation of a patient was stopped prematurely, the conduct of further follow-
up visits is no longer possible. The documentation should be completed as far as possible under 
these circumstances, e.g. a final examination and documentation according to the protocol (if 
possible), a documentation of the premature trial termination on the CRF and in the medical 
record, giving reasons, appropriate further treatment and follow-up outside the trial should be 
ensured; inform general practitioner of the termination, if necessary (provided that the patient 
agrees). In studies that assess the survival status, an attempt should at least be made to assess 
the patient's survival status by telephone follow-up (unless informed consent for documentation 
has been withdrawn). 

8.3.1 Premature discontinuation of trial treatment 

After implantation the EHM patch can be removed by a discontinuation of immunosuppressive 
treatment or by surgical excision in case of unwanted effects.  

8.3.2 Premature termination of trial participation 

The trial patient can withdraw his/her consent at any time, without having to give reasons, and 
have his/her entire trial participation terminated prematurely. However, the prerequisite for this is 
that the patient actively terminates trial participation by withdrawing his/her consent for the follow-
up and documentation. 

The responsible investigator may only withdraw a patient from participation in the trial for the 
following reasons: 

– Extreme circumstances arise which make any trial-relevant follow-up impossible 
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9 Investigational medicinal product (IMP) 

9.1 Engineered Human Myocardium (EHM) background information 

Engineered Human Myocardium (EHM) in a clinically translatable format was introduced in 2017 
(Tiburcy et al., 2017). The production protocol was optimized for GMP production and application 
as BioVAT. The EHM protocol originates from ~25 years of preclinical development (Eschenhagen 
et al., 1997; Didie et al., 2013; Fujita and Zimmermann, 2017a, b, 2018; Riegler et al., 2015; 
Tiburcy et al., 2017; Zimmermann et al., 2000; Zimmermann et al., 2006). 

9.1.1 Preclinical data 

Feasibility, safety, and efficacy of tissue engineered heart repair was thoroughly investigated in 3 
preclinical animal species (rat, mouse, and Rhesus macaque): 

1) Rat model with uncompromised heart function (Zimmermann et al., 2002) 

2) Rat model of chronic (severe) heart failure after permanent LAD occlusion (Zimmermann et al., 
2006) 

3) Mouse model of acute myocardial infarction by permanent LAD occlusion (Didie et al., 2013) 

4) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Riegler et al., 2015) 

5) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Qin et al., 2016) 

6) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Tiburcy et al., 2017) 

7) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (extension of Tiburcy 
et al., 2017 with focus on EHM patch retention; data presented in IMPD) 

8) Rhesus macaque model with uncompromised heart function (data presented in IMPD)  

Additional pilot studies were performed in pig models, but found to be of no predictive value 
because of limited xenograft retention, despite administration of comprehensive immune 
suppression regimens. 

These studies collectively provide the rationale for the BioVAT-HF trial. Study 1 demonstrated 
feasibility and safety of Engineered Rat Myocardium (ERM) implantation under immune 
suppression in a healthy rat model. Study 2 demonstrated electromechanical integration, safety 
and efficacy of ERM allografts in a rat model of chronic heart failure. Safety and efficacy was 
further confirmed in a mouse model of subacute myocardial infarction and the application 
pluripotent stem cell-derived Engineered Mouse Myocardium (EMM) allografts (Study 3). Studies 
2 and 3 employed MRI and echocardiography to document efficacy of ERM and EMM allograft-
based heart repair by detection of an enhancement of thickness and contractility of the target heart 
wall, in line with the proposed mode of action. Studies 4-7 established and validated a human 
GMP-compatible EHM as well as retention upon implantation. In a pivotal Rhesus macaque 
allograft study (study 8), a Engineered Non-Human Primate Myocardium (ENHPM) graft dose 
dependent increase in target heart wall thickness by approximately 1 and 5 mm was observed as 
a result of the implantation of 1x and 5x ENHPM assemblies, respectively, in line with the 
observations from allograft studies 2 and 3. The augmentation of the target heart wall was 
sustained for the whole study duration (investigated for up to 6 months in the 5x ENHPM group) 
with no evidence for unwanted effects (no arrhythmia, no tumor, no perturbation of heart 
performance, no immune suppression related side effects). The observed osteochondral 
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differentiations in 5 of 14 ENHPM treated Rhesus macaque were identified as non-proliferative 
with no unwanted effects on heart function. The observation of osteochondral differentiations was 
identified as a NHP model specific finding, with no evidence for the occurrence of osteochondral 
differentiations obtained from any of the EHM implantation studies (studies 4-7), including a 
dedicated GLP toxicity, tumorigenicity and biodistribution study.  

Collectively, the preclinical data provided strong evidence for the safety and efficacy of the EHM-
based heart remuscularization strategy and the rationale for the proposed BioVAT-HF early clinical 
trial.    

9.1.2 Pharmacokinetics 

Not applicable. 

9.1.3 Pharmacodynamics 

We consider the 5x EHM assembly as minimal effective dose (MED) for the BioVAT-HF trial and 
anticipate a similar thickening of the target heart wall as observed in the Rhesus macaque study. 
Considering the differences in heart and body size in Rhesus macaque and human (10-fold) and 
applying allometric scaling a 5x EHM assembly in Rhesus macaque resembles a 50x EHM 
assembly in human. With an anticipated maximal feasible dose (MFD) of 20x EHM and no 
observed safety concerns in the Rhesus macaque study, we do not anticipate graft related safety 
concerns in the BioVAT-HF trial. 

9.1.4 Adverse reactions 

Arrhythmia (in case of irregular electromechanical integration), tumor formation (in case of the 
contamination with pluripotent stem cells), perturbation of heart performance (in case of 
compression or stiffening of the target heart wall), and immune suppression related side effects 
may be anticipated. Preclinical studies did not provide evidence for adverse reactions. 

9.2 IMP(s) pharmaceutical characteristics 

The IMP(s) used in this trial are characterised as follows, according to the applicable IB: 

Proprietary name:  Engineered Human Myocardium (EHM) 
Name of substance: Human heart muscle comprised of iPSC-derived cardiomyocytes 

and stromal cells supported to self-organize into heart muscle with 
structural, functional, and molecular properties of juvenile 
myocardium by a bovine collagen type I hydrogel environment 

Manufacturer: University Medical Center Göttingen 
Approved indications: IMP not yet approved 
Dosage form: Refer to Figure 1 
Strength: Not applicable 
Total daily dose: Not applicable 
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For further characteristics, see current version of the corresponding IB.  

9.3 Packaging and labelling 

EHM is packaged as single patch mounted on a holder in a screw container filled with 10 ml 
transport medium. EHM will be delivered directly to the point-of-care at the required quantity, i.e., 
5x, 10x, 15x, or 20x EHM patches.  

Medication labels will be in German and comply with GMP Annex 13 and legal requirements in 
Germany. 

9.4 Supply and ordering 

EHM will be ordered from the University Medical Center Göttingen. EHM will be ordered 1 - 4 
months prior to implantation by E-mail to the following address: 

BioVAT-HF.Bestellung@med.uni-goettingen.de 

9.5 Receipt and storage 

EHMs will be delivered as individual patches in a sterile screw-cap container to the point-of-care. 
After receipt, EHM will be left in the unopened screw-cap containers at room temperature until 
implantation on the day of delivery.  

Delivery of the EHM patch to the point-of-care is further described in a separate protocol. 

Upon opening the screw container at the point-of-care under aseptic conditions, EHM mounted on 
stretch devices with transport medium will be transferred into a container (e.g., a kidney dish). 
EHM will then be released from the stretch devices using a custom-made fork and transferred   
into a second container (e.g., a kidney dish) filled with Ringer Acetate solution (200 ml) for a first 
washing step using a custom-made shovel. After 10 min EHM will be transferred into a third 
container (e.g., a kidney dish) filled with Ringer Acetate solution (200 ml) for a second washing 
step using a custom-made shovel and subsequent assembly into the desired EHM dose (5x, 10x, 
15x, or 20x assemblies) in a custom-made assembly device. EHM should be implanted within 30-
60 min after opening of the screw container. 

9.6 Preparation of EHM patch  

EHMs will be delivered as individual patches in sterile screw-cap containers to the point-of-care. 
Upon opening the screw-cap container at the point-of-care under aseptic conditions, EHM 
mounted on stretch devices with transport medium will be transferred into a container (e.g., a 
kidney dish). EHM will then be released from the stretch devices using a custom-made fork and 
transferred into a second container (e.g., a kidney dish) filled with Ringer Acetate solution (200 
ml) for a first washing step using a custom-made shovel. After 10 min EHM will be transferred into 
a third container (e.g., a kidney dish) filled with Ringer Acetate solution (200 ml) for a second 
washing step using a custom-made shovel and subsequent assembly into the desired EHM doses 
(5x, 10x, 15x, or 20x assemblies) in custom-made assembly devices. Assembled EHM will be 
sutured onto a TachoSilTM membrane and subsequently transferred onto the heart. EHM should 
be implanted within 30-60 min after opening of the screw container. 
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Preparation of EHM patch is further described in a separate protocol. 

9.7 EHM Implantation 

EHM assemblies will be sutured to the target heart wall via a left lateral thoracotomy. The surgical 
access route and fixation procedure is similar to the proceeding in epicardial pacemaker lead 
implantations.  

EHM implantation is further described in a specific protocol depicting the surgical procedures. 

9.8 Return and destruction 

Unused IMP can be destroyed at the study site. 

9.9 Drug compliance and accountability 

The investigator or designee should maintain records of the delivery of the IMP, the use in 
individual trial patients, and the disposal of unused IMP(s). The investigator should ensure that 
the IMP is only used according to this protocol. 

– The investigator bears the responsibility for the proper storage in an appropriate place to which 
unauthorised persons have no access. 

– The investigator may only use the IMP for implantation in patients who have been enrolled in 
the study. Usage of the IMP for implantation in patients outside of this clinical trial is not 
permitted. 

– The investigator or designee should explain the IMP implantation to each trial patient and 
check at regular intervals whether the IMP has been rejected or not. 

– The investigator should take notice of the IMP Handling Manual, if applicable. 

9.10 Treatment adherence 

Not applicable as EHM patch is surgically implanted and cannot be removed. 

10 Safety monitoring and reporting 

10.1 Adverse Events (AEs) 

10.1.1 Definition of AEs 

An adverse event (AE) is any untoward medical occurrence in a patient administered any dose of 
a pharmaceutical product and which does not necessarily have to have a causal relationship with 
the use of the product. An AE can therefore be any unfavourable and unintended sign (including 
an abnormal laboratory finding), symptom, or disease temporally associated with the use of an 
IMP, whether or not related to the product. 

– In order to monitor the conditions of the patients from the time the patients receive the first 
dose of IMP the investigator is requested to report any untoward clinical event on the AE-page 
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of the eCRF. Any untoward medical occurrence, which occurs after the period of patient follow-
up defined in the protocol, is not considered an AE. 

– Irrespective of any causal relationship, all AEs spontaneously reported by the patient or 
observed by the investigator will be continuously documented in the medical record and on the 
designated case report form (AE eCRF page).  

– All AEs must be described by diagnosis or, if an underlying diagnosis is not known, by 
symptoms or medically significant laboratory or instrumental abnormalities. The AEs will be 
documented as shown in section 10.1.2. Please note that medical or surgical procedures (e.g., 
tooth extraction, transfusion, surgery) performed are not AEs per se; the medical condition that 
leads to the procedure is an AE; 

– Symptoms, medically significant laboratory, or instrumental (e.g. electrocardiographic) 
abnormalities of a pre-existing disease are not to be considered an AE. Occurrences of new 
symptoms or laboratory or instrumental abnormalities, as well as worsening of pre-existing 
ones, are considered AEs. 

– All AEs, no matter how intense, are to be followed up by the investigator in accordance with 
ICH-GCP until resolved or judged no longer clinically relevant, or in case of a chronic condition, 
until it is fully characterised. 

– Overdose without clinical sequelae is not to be considered an AE. For the purposes of this 
study, an overdose is defined as a single dose of IMP that exceeds the prescribed dose for 
each age range. 

10.1.2 Documentation of AEs 

Adverse events have to be documented in the eCRF starting from EHM implantation until the last 
study visit (patient's individual study end date). 

– Characterization of the event (diagnosis; if not available, symptoms) 
– Onset/end date 
– Severity according to the current version of CTCAE  

 

– Relationship to the IMP (related/not related) 

Note: According to the CIOMS VI Working group the causal relationship between the 
investigational product and the adverse event should be characterized as “related” or “not 
related” (the various gradients of relatedness offer little or no advantages in data analysis or 
regulatory reporting).  

The expression “related” means, that there is evidence or argument to suggest a reasonable 
causal relationship between the event and the administration of the study drug, e.g. close 
temporal connection, exclusion of other causes.  

The assessment “not related” is appropriate, if the SAE is clearly or most likely explained by 
other causes even if a potential relationship between study drug and the SAE cannot be 
completely excluded. 

– Serious / non-serious 
– Action taken with IMP 
– Outcome 
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10.2 Serious Adverse Events (SAEs) 

10.2.1 Definition of SAEs 

A Serious Adverse Event (SAE) is any untoward medical occurrence that results in any of the 
following outcomes: 

– Death, 
– Life-threatening situation (patient is at immediate risk of death), 
– Inpatient hospitalization or prolongation of existing hospitalization (excluding those for study 

therapy and/or assessments, placement of an indwelling catheter, social/convenience 
admissions, respite care, elective or pre-planned treatment/surgery)  

– Persistent or significant disability/incapacity, 
– Congenital anomaly/birth defect, 
– Other, medically important condition: conditions which, in the investigator's opinion, may not 

be immediately life-threatening or result in hospitalization, but may jeopardize the patient’s 
safety or may require intervention to prevent one of the other outcomes listed in the definition 
above, may also be considered serious. Examples of such conditions include: allergic 
bronchospasm requiring treatment in an emergency room or at home, unexpected convulsions 
(i.e. convulsions which cannot be explained by the underlying illness) that do not result in 
hospitalization, development of IMP dependency or drug abuse, suspected transmission of 
infectious agents by medicinal product, etc. 

Clarification of SAEs: 

– NOTE: The term “life-threatening” in the definition of “serious” refers to an event/reaction in 
which the patient was at risk of death at the time of the event/reaction; it does not refer to an 
event/ reaction which hypothetically might have caused death if it were more severe, 

10.2.2 Documentation of SAEs 

All SAEs (with the exception of the special situation described below) that starting from EHM 
implantation until the patient’s last study visit (patient's individual study end date) will be 
documented in the eCRF and on the provided SAE reporting form. 

The SAE reporting form will be processed as described in the section below.  

10.2.3 Investigator reporting requirements 

10.2.3.1 Reporting policy 

The following events must be reported by investigator to the sponsor: 

– SAEs 

The events above must be reported by fax to the following address within 24 hours after knowledge 
by the investigator: 

Pharmacovigilance 
Clinical Trials Unit 

Medical Center - University of Freiburg 
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Elsaesser Str. 2, 79110 Freiburg 
SAE Fax No. 

+49 761 270-74 390 

If only limited data are initially available, a follow-up report is required. If new information including 
outcome becomes available or e.g. relationship to IMP is reconsidered, a SAE follow-up report 
should be sent within 24 hours using the same procedure as for transmitting the initial SAE report 
(details will be provided in SAE reporting manual).  

10.2.3.2 Specific protocol exceptions to expedited SAE reporting  

As this trial involves patients suffering from severe heart failure (NYHA Class III or IV) associated 
with significant mortality/morbidity, and as the frequency of recurrent hospitalizations for 
worsening of heart failure is one of the secondary endpoints (i.e. anticipated clinical outcomes) 
thoroughly collected on the specific eCRF pages and taking into consideration recommendations 
of the CIOMS working group VI concerning management of safety information from clinical trials, 
the following events have not to be notified to the sponsor as SAEs: 

–  worsening of heart failure, except if the investigator evaluates worsening of heart failure as 
being related to the IMP, this case has to be reported to the Sponsor as a SAE;  

10.2.3.3 Reporting of patient death 

Please note that “death” is usually an SAE outcome and not an SAE per se. Only in cases where 
the clinical circumstances before the death are unknown (i.e. patient died without a determinable 
cause of death), then the diagnosis “death” itself should be reported as an SAE. In case of fatal 
outcome of an already-registered SAE, a follow-up notification must be done. 
According to section 12, subsection 6 GCP-V, in case of patient’s death the investigator must 
submit on demand all information to the competent IEC, the other IEC(s) involved, the CA and the 
sponsor, that is required for the fulfilment of their duties (note that personal data must be 
transmitted using the trial-specific patient identification number, i.e. in pseudonymised form). 

10.2.4 Sponsor reporting requirements 

The sponsor's reporting requirements are divided into expedited reporting and reporting that must 
be performed on request or annually. 

10.2.4.1 Definition of SUSARs 

The sponsor's expedited reporting requirements are particularly relevant to suspected unexpected 
serious adverse reactions (SUSARs). The definition is a combination of the definitions of serious 
adverse reaction (for seriousness criteria see section 10.2) and unexpected adverse reaction 
(adverse reaction: the nature or severity of which is not consistent with the applicable RSI. As this 
is the first in man clinical study, all SAEs judged by the investigator to be related to the IMP will be 
classified as a SUSAR. 

10.2.4.2 SUSAR/ circumstance requiring a review of the benefit/risk evaluation 

The sponsor's expedited reporting requirements comprise the following:  
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 All SUSARs must be reported within 15 days after knowledge (section 13, subsection 2 
GCP-V), 

 All SUSARs that are life-threatening or result in death must be reported within 7 days 
after knowledge (section 13, subsection 3 GCP-V), 

 All circumstances requiring a review of the benefit/risk evaluation of the IMP must be 
reported within 15 days after knowledge (e.g. expected serious adverse reaction with 
unexpected outcome, increased incidence of expected serious adverse reactions, 
SUSARs after the end of the patient's participation in the clinical trial, events in 
connection with the trial conduct or the development of the IMP which may affect the 
safety of the trial patients) (section 13, subsection 4 GCP-V). 

10.2.4.3 Development Safety Update Report (DSUR) 

In addition to the expedited reporting, the sponsor shall submit an annual report once a year or on 
request throughout the clinical trial period, according to section 13, subsection 6 GCP-V and ICH 
guideline E2F. The aim of the DSUR is to concisely describe all new safety information relevant 
for one or several clinical trial(s), to assess the safety conditions of subjects included in the 
concerned trial(s) and to evaluate whether the benefit / risk ratio is still favourable. 

10.2.5 Pregnancies 

Any pregnancy (female trial participant or female partner of male trial participant) that occurs 
during trial participation must be reported. To ensure patient safety each pregnancy must be 
reported to Pharmacovigilance CTU on the pregnancy reporting form within 24 hours of learning 
of its occurrence. The pregnancy should be followed up to determine outcome, including 
spontaneous or voluntary termination, details of birth, and the presence/absence of any birth 
defects, congenital abnormalities or maternal and new-born complications. 

11 Data handling and data management 

11.1 Data confidentiality 

Information about trial patients will be kept confidential and managed under the applicable laws 
and regulations. Those regulations require a signed patient authorization informing the patient of 
the following: 

– what protected health information (PHI) will be collected from patients in this trial; 
– who will have access to that information and why; 
– who will use or disclose that information; 
– the rights of a research patient to revoke their authorization for use of their PHI. 

In the event that a patient revokes authorisation to collect or use PHI, the investigator, by 
regulation, retains the ability to use all information collected prior to the revocation of patient 
authorization. For patients that have revoked authorization to collect or use PHI, attempts should 
be made to obtain permission to collect at least vital status (i.e. that the patient is alive) at the end 
of their scheduled trial phase.  

The data collection system for this trial uses built-in security features to encrypt all data for 
transmission in both directions, preventing unauthorised access to confidential participant 
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information. Access to the system will be controlled by individually assigned user identification 
codes and passwords, made available only to authorised personnel who have completed 
prerequisite training. 

11.2 Documentation of trial data 

11.2.1 Documentation in medical records 

The investigator will record the participation in the trial, the frequency of the trial visits, the relevant 
medical data, the concomitant treatment and the occurrence of adverse events in the medical 
record of each trial patient. 

11.2.2 Documentation in eCRF  

An electronic data capture (EDC) system will be used in this trial (called e-CRF). All data collected 
during the trial will be entered on the trial-specific e-forms by the responsible investigator, or 
designated person, as timely as possible. Data entry and data corrections on e-forms are 
automatically tracked in the audit trail created by the EDC system. 

Data corrections in the e-CRF due to queries are performed by the responsible investigator, or 
designated person, as timely as possible. 

11.3 Data management  

Data handling 

The Department of Medical Informatics at the University Medical Centre Göttingen manages the 
medical data for the DZHK (Data Handling). For this purpose, the secuTrial® system is being 
provided in which electronic case report forms (eCRF) are being modeled. The DZHK aims to 
standardise data collect on amongst its clinical studies in order to enable secondary use of the 
data across studies. Therefore, Standard Operating Procedures (SOPs) as well as data capture 
modules for common cardiological assessment procedures are available. The DZHK item 
catalogue comprises all currently standardised data capture modules. 

 

secuTrial 

Data capture using secuTrial software is achieved by entering the items queried during collection 
using the eCRFs created and provided by the Data Handling (DH) unit. With secuTrial it is possible 
to conduct multicentre clinical studies and post-marketing studies. secuTrial allows direct, 
decentralised electronic capture of study data (remote data entry) in a central database. Operation 
of secuTrial is completely browser-based, which means it is not necessary to install software for 
either management or data capture. Authorised users can define the studio setup, manage 
participants, export data and enter patient data from any internet-enabled PC. Within the 
application there is both a separate test area (setup) and a productive area. This means that prior 
to the start of the actual study or in the case of changes implemented after the go-live, any function 
can be tested before it is unlocked for users. The tested study setup can go live after it has 
successfully completed testing. The changes are subject to constant version control. secuTrial 
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complies with all regulatory standards (CRF, GCP) and is certified for all FDA-compliant functions, 
such as audit trail, a roles and rights concept and electronic signature. 

 

Data Collection 

Although the data collection process runs parallel to the data capture process in most cases, this 
is not absolutely necessary from a technological point of view. The collected data can initially be 
stored intermediately on printed questionnaires. The collected data is captured in the eCRFs 
provided and is usually captured by a study nurse or study doctor. The medical data (MDAT) and 
identifiable information (IDAT) are separated before data collection. This is achieved by 
incorporating an IDAT input mask provided by the Independent Trusted Third Party (TTP) before 
the MDAT is actually entered. The IDAT is entered directly on the TTP servers. This tunnelling 
ensures that the IDAT is at no time known to the secuTrial system.  

secuTrial also implements query management within studies, registers and cohorts. Queries are 
designed to help monitors and other authorized users to investigate unclear entries. Study doctors 
and study nurses can read, review, answer (if necessary) and close queries. This process can 
also only be accessed by users who are set up in the system. 

 

Data Management 

In addition to providing suitable capture tools, another core task of the Central Data Management 
unit is the long-term storage and management of the collected data. A non-bypassable audit trail 
is created for the corresponding dataset as early as the data capture stage. This audit trail saves 
which person (login information in secuTrial) with which role (derived from the login information) 
conducted which operation at which time, on which date and on which dataset. This allows 
consistent version control and traceability for all amendments. The aforementioned query 
management is also recorded in its entirety in the audit trail. The audit trail offers an overview of 
all changes made to the data and saved in the up-to-date form. It can be accessed after the form 
has been saved for the first time. Entering and saving comments, conducting and answering 
queries, conducting (Source Data Verification) SDV, reviews and form-locking actions, and ending 
data capture are all storage processes for the respective form. For this reason, all these actions 
are illustrated in the storage history in the upper part of the audit trail. Every storage operation 
documents the current project version so that changes to the project setup can be traced here as 
well. It also displays whether an e-signature was used for saving and if it is still valid. 

Details on data management (e.g., software, procedures, responsibilities) will be described in a 
data management plan prior to the trial. During the trial, the performance of data management 
and any deviations from the data management plan will be documented in a data management 
report. Technical specifications of the trial data base and all data checks will be documented in a 
data validation plan. 

The trial data base has been fully validated before any data entry will be performed. Data entry 
personnel will not be given access to the trial data base until they have been trained. An audit trail 
provide a data history which data were entered, changed or deleted, by whom and when. 

11.4 Data coding 

Concomitant treatments or procedures entered into the database will be coded using the WHO 
Drug Reference List.  
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Medical history/current medical conditions and adverse events will be coded using the Medical 
dictionary for regulatory activities (MedDRA) terminology. 

12 Quality assurance 

The sponsor is responsible for implementing and maintaining quality assurance and quality control 
systems with written SOPs to ensure that trials are conducted, data are generated, documented, 
and reported in compliance with the protocol, ICH-GCP, and the applicable regulatory 
requirement(s). 

12.1 Monitoring procedure 

Monitoring is performed by the CRAs of the CTU, University Medical Center Göttingen. Risk-
based monitoring will be done according to ICH-GCP E6 and standard operating procedures 
(SOP) to verify that patients’ rights and wellbeing are protected, reported trial data are accurate, 
complete and verifiable from source documents and that the trial is conducted in compliance with 
the currently approved protocol/amendment, with ICH-GCP and with the applicable regulatory 
requirements to ensure safety and integrity of clinical trial data. 

The investigator will accept monitoring visits before, during and after the clinical trial. Prior to the 
trial, a site initiation visit at each site is conducted in order to train and introduce the investigators 
and their staff to the trial protocol, essential documents, handling of IMP and related trial specific 
procedures, ICH-GCP and national/local regulatory requirements.  

During the trial, the CRA will visit the site regularly to monitor recruitment rate and quality of data. 
During these on-site visits, the CRA verifies that the trial is conducted according to the trial 
protocol, trial specific procedures, ICH-GCP and national/local regulatory requirements. The 
presence of signed informed consents, eligibility of patients, primary endpoint, handling of IMP 
and documentation/reporting of safety data (e.g., AE/SAE) will be verified by the CRA. The CRA 
performs also source data verification and drug accountability to ensure that the clinical trial data 
which are recorded in the source data and CRFs are complete and accurate. Extent of source 
data verification and monitor visit frequency will be adapted for individual sites in case of lack of 
data quality or a high number of protocol violations. All trial specific monitoring procedures, 
monitoring visit frequency and extent of SDV will be predefined in a trial specific monitoring 
manual. The investigator must maintain source documents for each patient in the trial, consisting 
of case and visit notes (hospital or clinic medical records) containing demographic and medical 
information, laboratory data, electrocardiograms, and the results of any other tests or 
assessments (see section 7). All information recorded on CRFs must be traceable to source 
documents in the patient's file as defined in section 11.2. The investigator must also keep the 
original signed informed consent form (a signed copy is given to the patient). 

The investigator must give the CRA access to all relevant source documents to confirm their 
consistency with the CRF entries.  

  

12.2 Source data verification (SDV) 

Source data as defined by ICH-GCP include original documents, data, and records such as 
hospital records, clinical and office charts, laboratory notes, memoranda, patients' diaries or 
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evaluation checklists, pharmacy dispensing records, recorded data from automated instruments, 
copies or transcriptions certified after verification as being accurate copies, microfiches, 
photographic negatives, microfilm or magnetic media, X-rays, and records kept at the pharmacy, 
at the laboratories and at medico-technical departments involved in the clinical trial. 

12.3 Auditing procedures and inspections 

According to the ICH-GCP guidelines, audits may be performed as a quality measure. Audits may 
be conducted by the sponsor or an independent external party, inspections by CA(s). 

The investigator needs to inform the CTU immediately of an inspection requested by a regulatory 
authority. The investigator is responsible for providing / giving access to source data/documents 
to auditors/inspectors. 

13 Biostatistical planning and analysis 

Before the final analysis (see section 13.65) a detailed statistical analysis plan (SAP) will be 
prepared. This will be completed before data base lock, at the latest. If the SAP contains any 
changes to the analyses outlined in the trial protocol, they will be marked as such, and reasons 
for amendments will be given. 

All statistical programming for analysis will be performed with the Statistical Analysis System 
(SAS) or the statistical software package R. 

13.1 Trial design 

For details on trial design see section 3.1 of the protocol. 

 

13.2 Objectives and endpoints 

For details on endpoints see section 2 of the protocol. 

13.3 Sample size calculation 

The required number of patients to be enrolled results as a total of the numbers needed for the 
three parts of the trial. A maximum of n=18 patients in dose finding cohorts of n=2-4 patients is 
planned for the first part, the Dose Finding stage. This number of patients is not uncommon for 
phase I dose-escalation studies and can be justified through simulation studies. In the second 
part, the Refinement stage, n=10 patients in two cohorts (n=5 per LV and RV cohort) are needed 
to provide additional confidence to the DSMB as to the expansion for LV or RV augmentation in 
the third part which will focus on the most feasible, safe, and effective approach. In the third part, 
the Expansion stage, sample size planning is based on the primary endpoint heart wall thickness 
and systolic thickening fraction. In a pre-post comparison of means a sample size of 30 patients 
yields a power of 80% (90%) to detect a standardized mean difference (Cohen’s d) of 0.47 (0.55) 
at a two-sided significance level of 10% given a. As this is an early study to evaluate trends the 
slightly larger than usual significance level is justified (Kianifard and Islam, 2011). Using the 5 
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patients from the Refinement stage, this means, an additional number of n=25 patients are needed 
for the third part. Summing up a total n=53 patients have to be enrolled in the entire study. 
Calculations were done using the statistical software nQuery. 

13.4 Definition of populations included in the analyses 

Primary analysis will be performed on all patients with complete observations at baseline and 
complete or imputed observation at month 12. This will be referred to as the intention-to-treat 
population (ITT). If not mentioned otherwise, all analyses are based on the ITT population. 
Imputation will be performed using predictive mean matching. 

Sensitivity analysis will be performed on all patients with complete observations at baseline and 
month 12. This will be referred to as the per-protocol (PP) population.  

A CONSORT (consolidation standards of reporting trials) flow chart will be provided to report 
disposition of patients. Safety of patients and interim analyses will be supervised by the DSMB. 

13.5 Methods of analysis 

13.5.1 Patient demographics/other baseline characteristics 

Demographic and other baseline data (including disease characteristics) will be summarised 
descriptively using the FAS. 

Continuous data will be summarised by arithmetic mean, standard deviation, minimum, 25% 
quantile, median, 75% quantile, maximum, and the number of complete and missing observations. 
If appropriate, continuous variables will also be presented in categories. 

Categorical data will be summarised by the total number of patients in each category and the 
number of missing values. Relative frequencies are displayed as valid % (number of patients 
divided by the number of patients with non-missing values). 

13.5.2 Trial medication 

Numbers of patients in the dose cohorts of the Dose Finding stage of the trial with corresponding 
dose levels will be reported. 

13.5.3 Concomitant medication 

The concomitant medications will be summarised by ATC level 1/3/5. In each table, patients will 
be counted once, if they took at least one medication from the respective ATC level. The number 
of patients and the percentage of the total number of patients in the respective population will be 
given. 

13.5.4 Primary endpoint 

There are two primary endpoints: Target heart wall thickness (HWT) and heart wall thickening 
fraction (HWTF) as determined by echocardiography and/or cardiac MRI (AHA17-segment model 
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and comparison of EHM target vs. contralateral wall thickness). Primary efficacy analyses are 
based on the changes in HWT/HWTF between baseline and 2 weeks, 1 month, 3 months, 6 
months and 12 months after implantation. To test for a time effect a generalized linear mixed 
model will be employed for each of the two primary endpoints. In case of detecting a time effect 
this is followed by Dunnett-type pairwise comparisons to baseline. Due to the explorative character 
of the efficacy analysis testing will be performed at a 10% two-sided significance level. Mean 
differences will be reported along with 90% confidence intervals. 

13.5.5 Secondary endpoints for efficacy 

Key secondary endpoints will be tested at a two-sided 10% significance level as well due to the 
explorative character of the trial. Further secondary endpoints will be tested at a two-sided 5% 
significance level. Type I error rate control for subsequent additional analyses, e.g. pairwise 
comparisons, will be ensured using appropriate closed testing procedures, e.g. Bonferroni-Holms. 

 

Recurrent hospitalizations for heart failure  

Another key secondary endpoint is the frequency of recurrent hospitalizations for worsening of 
heart failure. For the analysis a negative binomial regression model will be fitted. The annual event 
rate will be reported with a 90% confidence interval. 

 

Ejection fraction 

Change in ejection fraction over time will be tested via a generalized linear mixed model using EF 
measurements at baseline and 2 weeks, 1 month, 3 months, 6 months and 12 months after 
implantation. If there is a significant time effect this may be followed by Dunnett-type pairwise 
comparisons to baseline. Mean differences will be reported along with 90% confidence intervals. 

 

Functional status 

The functional status is measured by three endpoints 

 Six-minute walk test (6MWT) 

 Hand-grip strength 

 Cardiopulmonary stress testing 

Changes over time will each be analysed with a generalized linear mixed model comparing 
measurements at baseline and 2 weeks, 1 month, 3 months, 6 months and 12 months after 
implantation. Subsequent Dunnett-type pairwise comparisons to baseline may be performed in 
case of significant ANOVA results. Effects will be reported with 90% confidence intervals. 

 

Patient reported outcomes 

Change in patient reported outcomes is assessed by  

 Quality of life score (MLHFQ) 

 Physical score (SF-36) 
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 NYHA classification 

MLHFQ and SF-36 changes over time will each be analysed with a generalized linear mixed model 
comparing measurements at baseline and 2 weeks, 1 month, 3 months, 6 months and 12 months 
after implantation. Subsequent Dunnett-type pairwise comparisons to baseline may be performed 
in case of significant ANOVA results. Mean differences will be reported along with 90% confidence 
intervals. 

NYHA classification change over time will be analysed giving proportions of patients with NYHA 
Class I/II at time points baseline and 2 weeks, 1 month, 3 months, 6 months and 12 months after 
implantation. Proportions are accompanied by 90% confidence intervals. 

 

Mortality 

Both all-cause mortality and cardiovascular mortality will be displayed showing Kaplan-Meier 
curves with either pointwise 90% confidence intervals or 90% confidence bands and analysed 
using a Cox proportional hazards model exploring the prognostic quality of the biomarkers 
assessed at baseline. The baseline mortality in the target patient population is 20% within 12 
months (Hsich et al., 2016). 

 

Minimal Effective Dose and Optimal Effective Dose Range 

During the Dose Finding stage of the trial determining, identification of the minimal effective dose 
and the optimal effective dose range is based on heart wall thickness and thickening fraction 
measurements and agreed upon with the DDC and DSMB. 

13.5.6 Safety parameters 

Safety is assessed by frequencies of adverse events including: 

- major adverse cardiac events (MACE; non-fatal myocardial infarction, non-fatal stroke and 
cardiovascular death – further defined by a clinical endpoint adjudication committee - CEC) 

- Frequency and severity of arrhythmic events 

- Incidence of immune rejection (allograft DNA, CK/CK-MB, cTnT) 

- Incidence of mechanical perturbation of ventricular function by EHM graft 

All safety parameters will be listed and displayed in summary tables. Adverse events (AEs) are 
displayed in summary tables as follows: 

The total number of AEs, the minimum, maximum and mean number of AEs per patient, the total 
number of follow-up days (number of days in the observation period), the number of AEs per FU-
day (total number of AEs divided by the total by the number of follow-up days), and the number of 
patients who had at least one AE. 

The incidence of AEs defined by preferred term (PT) according to MedDRA will be calculated as 
the number of patients who experienced at least one AE with the respective PT in percentage of 
the total number of patients in the safety population. In the incidence tables the PTs will be grouped 
by system organ class (SOC) according to MedDRA. Additionally, the incidence of AEs defined 
by SOC will be calculated as the number of patients who experienced at least one AE in the 
respective SOC as percentage of the total number of patients in the safety population. 
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Incidences of AEs will be calculated with 95%-confidence intervals. 

Laboratory data will be presented in the measured units (or in SI units, being converted from the 
original units, if necessary). Values outside the investigator’s reference range will be flagged as 
above or below the reference range in the listings. Shift tables for all parameters will also be 
generated. 

13.6 Interim analyses 

A formal interim analysis is planned for the time point when half of the patients in Part 2+3 with 
either LV or RV administration of EHM (i.e., in total 15 patients) have completed the 12 month 
follow-up. The interim analysis and the interim report will describe patient recruitment, treatment 
compliance as well as safety, tolerability, and efficacy for the patients in this period. An adjustment 
of the type I error will be performed using a type I error-spending function.  

The results of the interim analysis will be reported only to the independent data safety monitoring 
board (DSMB), see section 14. The DSMB will give advice to the Coordinating Investigator 
concerning further conduct of the trial. 

Naturally, each transfer from one study phase to another is accompanied by an interim evaluation. 

14 Scientific steering and data monitoring committees 

All applicable DZHK-SOPs will be used in the proposed study. Data management and biosampling 
will be according to DZHK rules. Data will be monitored by Dose Determining (DDC) and Data 
Safety Monitoring Board (DSMB) comprised of members with appropriate scientific and medical 
expertise to monitor the study. The DDC and DSMB will be charged with ensuring the safety of 
the subjects. The DDC is charged primarily with determining the appropriate dose escalation steps 
according to hands-on experience gained within the study. The DSMB is composed of 
independent experts and charged with the whole study oversight. The DSMB may recommend 
that the Sponsor suspends enrolment, amends the study, or discontinues the study at any time. 

14.1 Dose Determing Committee (DDC) 

A trial related dose determining committee (DDC) will be appointed by the sponsor prior to the 
start of the trial comprising of 3-5 investigators participating in the trial and sponsor representatives 
from the clinical trial team and representatives from the CTU including the responsible 
biostatistician. 

The DDC will be involved in the development of the protocol and will ensure transparent 
management of the trial according to the protocol through recommending and approving 
modifications as circumstances require. The DDC will review protocol amendments as 
appropriate.  

14.2 Data Safety Monitoring Board (DSMB) 

An independent Data Safety Monitoring Board (DSMB) will be established. The members of the 
DSMB are given in section “Responsibilities”. The function of the DSMB is to monitor the course 
of the trial and if necessary to give a recommendation to the sponsor, coordinating investigator 
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and the DDC for discontinuation, modification or continuation of the trial. The underlying principles 
for the DSMB are ethical and safety aspects for the patients. It is the task of the DSMB to examine, 
whether the conduct of the trial is still ethically justifiable, whether security of the patients is 
ensured, and whether the process of the trial is acceptable. For this the DSMB has to be informed 
about the adherence to the protocol, the patient recruitment, and the observed adverse events. 
The DSMB will receive the corresponding reports twice a year and at the time of the planned 
interim analyses. The composition and responsibilities of the DSMB, the structure and procedures 
of its meetings, and its relationship to other key trial team members (DDC), will be laid down in a 
DSMB charter. 

15 Ethical and legal principles 

15.1 Regulatory and ethical compliance 

This clinical trial was designed, shall be implemented and reported in accordance with the ICH- 
GCP, with applicable local regulations (including European Directive 2001/20/EC), and with the 
ethical principles laid down in the Declaration of Helsinki. 

Before initiating the clinical trial, the sponsor/coordinating investigator should submit the CTP and 
any required application(s) to the appropriate competent authority for review, acceptance, and/or 
permission, as required by the applicable regulatory requirements. 

The protocol and the proposed informed consent form must be reviewed and approved by a 
properly constituted Independent Ethics Committee (IEC) before trial start. A signed and dated 
statement that the protocol and informed consent have been approved by the IEC must be 
available prior to initiation of the trial.  

15.2 Responsibilities of the investigator 

Before the start of the trial, the investigator is required to sign a protocol signature page confirming 
his/her agreement to conduct the trial in accordance with these documents and all of the 
instructions and procedures found in this protocol and to give access to all relevant data and 
records to sponsor CRAs, auditors, sponsor Clinical Quality Assurance representatives, 
designated agents of sponsor, IECs and CA(s) as required. 

15.3 Informed consent procedures 

Before enrolment in the clinical trial, the patient will be informed that participation in the clinical 
trial is voluntary and that he/she may withdraw from the clinical trial at any time without having to 
give reasons and without penalty or loss of benefits to which the patient is otherwise entitled. 

The treating physician will provide the patient with information about the treatment method and 
the possible risks involved. At the same time, the nature, significance, implications, expected 
benefits and potential risks of the clinical trial and alternative treatment will be explained to the 
patient. During the informed consent discussion, the patient, if applicable, will also be informed 
about the insurance cover that exists and the insured's obligations. The patient will be given ample 
time and opportunity to obtain answers to any open questions. All questions relating to the clinical 
trial should be answered to the satisfaction of the patient and/or his/her legal representative. In 
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addition, the patient will be given a patient information sheet which contains all the important 
information in writing. 

The patient's written consent must be obtained before any trial-specific tests/treatments. 

For this purpose, the written consent form will be personally dated and signed by the trial 
patient and the investigator conducting the informed consent discussion.  

By signing the consent form, the patient agrees to voluntarily participate in the clinical trial and 
declares his/her intention to comply with the requirements of the clinical trial and the investigator's 
instructions during the clinical trial. By signing the form, the patient also declares that he/she 
agrees to the recording of personal data, particularly medical data, for the trial, to their storage 
and codified (“pseudonymised”) transmission to the sponsor, CA(s), and further agrees that 
authorised representatives of the sponsor, who are bound to confidentiality, national or foreign 
CA(s) may inspect his/her personal data, particularly medical data, which are held by the 
investigator. 

After signing, the patient will be given one copy of the signed and dated written consent form and 
any other written information to be provided to the patients. 

In the case of substantial amendments, the patient must be informed with an appropriate revised 
patient information/consent form. Changed trial procedures can only be carried out if they have 
been approved by the CA and the leading IEC, and if the patient has been appropriately informed 
and has given his/her written consent. 

Fertile men and women of child bearing potential should be informed that taking the IMP may 
involve unknown risks to the foetus if pregnancy were to occur during the trial and agree that in 
order to participate in the trial they must adhere to the contraception requirement for the duration 
of the trial. The patients have to agree to data collection related to pregnancy and its outcome. If 
there is any question that the patient will not reliably comply, they should not be entered in the 
trial. 

Separately, the patients will be informed about the DZHK project regarding Data & Biospecimen 
collection. Consent to DZHK Biospecimen collection is not mandatory for participation in the 
BioVAT-HF-study 

15.4 Patient insurance 

Subject insurance (minimum: € 500,000 per subject) according to applicable law has been taken 
out with 

Newline Europe Versicherung AG 

Schanzenstraße 28a  

51063 Köln  

 

for all subjects participating in the clinical trial. 
The investigator, or an individual who is designated by the investigator, will inform the subject of 
the existence of the insurance, including the obligations arising from it. The trial subjects must be 
afforded access to insurance documents and provided with a copy of the general conditions of 
insurance on request.  
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15.5 Confidentiality of trial documents and patient records 

The investigator must ensure anonymity of the patients; patients must not be identified by names 
in any documents submitted to sponsor. Signed informed consent forms and patient enrolment 
log must be kept strictly confidential to enable patient identification at the site. 

All study-related information will be stored securely at the study site. All participant information will 
be stored in locked file cabinets in areas with limited access. All laboratory specimens, reports, 
data collection, process, and administrative forms will be identified by a coded identification 
number (see section 5.1) only to maintain participant confidentiality. 

15.6 Financial disclosure 

Financial disclosures should be provided by trial personnel who is directly involved in the treatment 
or evaluation of patients at the site - prior to trial start. 

16 Trial documents and archiving 

16.1 Trial documents/investigator site file  

The investigator will be given an investigator site file containing all the necessary essential trial 
documents for the initiation of the trial at his/her site. The essential documents include a list on 
which the investigator will enter all appropriately qualified persons to whom he/she has delegated 
important trial-related tasks. 

The investigator, or an individual who is designated by the investigator, will be responsible for the 
maintenance and completeness of the trial documents during the clinical trial. At the request of 
the CRA, auditor, IEC or CA(s), the investigator shall make available all the requested trial-related 
records for direct access. Essential documents must not be removed permanently. 

16.2 Archiving  

After completion of the clinical trial, the essential trial documents - as defined by ICH-GCP E6 
section 8 - will be retained at the trial site for a sufficient period so that they will be available for 
audits and inspections by the CA(s). 

The investigator will be responsible for the storage. The following retention periods will apply after 
the completion/termination of the clinical trial: 

 The above-mentioned essential documents must be retained for at least 10 years (section 
13, subsection 10 GCP-V). 

 The medical records and other source documents must be retained for the longest possible 
period allowed by the hospital, the institution or the private practice. 

The investigator/the institution should take measures to prevent accidental or premature 
destruction of these documents. The sponsor will notify the investigator in writing when the trial-
related essential documents are no longer required. 
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16.3 Access to trial data  

The trial investigators and all authors of the main publications of the trial result have access to the 
full trial dataset in order to ensure that the validity of the results can be verified. 

17 Protocol adherence and amendments 

17.1 Protocol adherence 

Investigators ascertain they will apply due diligence to avoid protocol deviations. Under no 
circumstances should the investigator contact sponsor or its agents, if any, monitoring the trial to 
request approval of a protocol deviation, as no authorised deviations are permitted. If the 
investigator feels a protocol deviation would improve the conduct of the trial this must be 
considered a protocol amendment, and unless such an amendment is agreed upon by sponsor 
and approved by the IEC it cannot be implemented. 

17.2 Amendments to the protocol 

Any change or addition to the protocol can only be made in a written protocol amendment that 
must be approved by sponsor, CA where required, and the IEC. 

Only changes of the protocol that are required for patient safety may be implemented prior to IEC 
approval.  

Regardless of the need for approval of formal protocol amendments, the investigator is expected 
to take immediate action required for the safety of any patient included in this trial, even if this 
action represents a deviation from the protocol. In such cases, the sponsor has to be notified as 
soon as possible of this action; the IEC should be informed correspondingly. 

Information regarding important protocol modifications will be provided in due time to further 
relevant parties (e.g. investigators, trial participants, trial registries, journals). 

17.3 Protocol deviations 

Details will be described in the Monitoring Manual. 

18 Administrative Agreements 

18.1 Financing of the trial and role of funders 

The clinical trial will be financed/financially supported by Deutsches Zentrum für Herz-Kreislauf-
Forschung e.V (DZHK). Costs for the IMP production for Parts II and III will be covered by Repairon 
GmbH.  
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18.2 Trial agreement- investigator compensation 

According to ICH-GCP 4.9.6, a trial agreement on the conduct of the clinical trial and the 
compensation for conducting the trial will be signed between the sponsor of the clinical trial and 
the investigators including their heads of administration. 

18.3 Reimbursement of trial patients 

There is no payment planned for patients. 

18.4 Trial reports 

After completion of the analysis by the responsible biostatistician, the coordinating investigator will 
prepare and sign the final integrated medical and statistical report, a synopsis of the results and 
publication(s) containing the results of the study jointly with the biostatistician. 

Except when required by law, no one will disclose a result of the clinical trial to third parties unless 
all parties involved have first agreed on the results of the analysis and their interpretation. 

The final trial report will be written and signed in co-operation between the coordinating 
investigator and the CTU of the University Medical Center Göttingen.  

18.5 Clinical trials registry 

The sponsor ensures that the key design elements of this protocol will be posted in publicly 
accessible clinical trials registries: clinicaltrials.gov. 

18.6 Publication of trial protocol and results 

The sponsor assures that the key design elements of this protocol will be posted in a publicly 
accessible clinical trials registry (see section 18.5). In addition, upon trial completion the results of 
this trial will be submitted for publication and posted in a publicly accessible database of clinical 
trial results irrespective of the results of the trial. 

Reporting guidelines will be taken into account (see www.equator-network.org), the CONSORT 
statement will be adhered to in the preparation of papers on the results of randomised studies.  

Each publication of trial results will be in mutual agreement between the principal investigator and 
the other investigators involved. All data collected in connection with the clinical trial will be treated 
in confidence by the coordinating investigator and all others involved in the trial, until publication. 
Interim data and final results may only be published (orally or in writing) with the agreement of the 
coordinating investigator. 

18.7 Authorship in publications of trial protocol and results 

Authorship criteria defined by the International Committee of Medical Journal Editors will be 
adhered to. Investigators with a substantive contributions to the design, conduct, interpretation, 
and reporting of a clinical trial are recognized through the granting of authorship on the trial report. 
Individual contributions will be acknowledged in publications according to the publisher’s 
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regulations. The coordinating investigator will be responsible to mediate in case of disputes as to 
authorship. 
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19 Appendices 

Appendix 1 New York Heart Association “Nomenclature and Criteria for Diagnosis  
  of Diseases of the Heart and Great Vessels” 

Class Patient Symptoms 

I No limitation of physical activity. Ordinary physical activity does not cause undue  
fatigue, palpitation, dyspnea (shortness of breath). 

II Slight limitation of physical activity. Comfortable at rest. Ordinary physical activity  
results in fatigue, palpitation, dyspnea (shortness of breath). 

III Marked limitation of physical activity. Comfortable at rest. Less than ordinary  
activity causes fatigue, palpitation or dyspnea. 

IV Unable to carry on any physical activity without discomfort. Symptoms of heart  
failure at rest. If any physical activity is undertaken, discomfort increases. 

 

19.1 Relevant Guidelines and Laws 

[List and reference to websites; delete not applicable links]  

Declaration of Helsinki http://www.wma.net/en/30publications/10policies/b3/  

ICH E6 - GCP Guideline http://www.ich.org/products/guidelines/efficacy/efficacy-
single/article/good-clinical-practice.html 

ICH E8 – General 
considerations for clinical trials  

http://www.ich.org/products/guidelines/efficacy/efficacy-
single/article/general-considerations-for-clinical-trials.html  

ICH E2F - DSUR http://www.ich.org/fileadmin/Public_Web_Site/ICH_Product
s/Guidelines/Efficacy/E2F/Step4/E2F_Step_4.pdf  

EMA Guidelines 
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regul
ation/landing/human_medicines_regulatory.jsp&mid=WC0
b01ac058001ff89 

AMG/GCP-V http://www.gesetze-im-internet.de 

Recommendations related to 
contraception and pregnancy 
testing in clinical trials- Heads 
of Medicines Agencies (HMA) 

http://www.hma.eu/fileadmin/dateien/Human_Medicines/01
-
About_HMA/Working_Groups/CTFG/2014_09_HMA_CTF
G_Contraception.pdf 

2016 ESC Guidelines for the 
diagnosis and treatment of 
acute and chronic heart failure 

https://leitlinien.dgk.org/2016/2016-esc-guidelines-for-the-
diagnosis-and-treatment-of-acute-and-chronic-heart-failure/ 

  

http://www.wma.net/en/30publications/10policies/b3/
http://www.ich.org/products/guidelines/efficacy/efficacy-single/article/general-considerations-for-clinical-trials.html
http://www.ich.org/products/guidelines/efficacy/efficacy-single/article/general-considerations-for-clinical-trials.html
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E2F/Step4/E2F_Step_4.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E2F/Step4/E2F_Step_4.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/landing/human_medicines_regulatory.jsp&mid=WC0b01ac058001ff89
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/landing/human_medicines_regulatory.jsp&mid=WC0b01ac058001ff89
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/landing/human_medicines_regulatory.jsp&mid=WC0b01ac058001ff89
http://www.gesetze-im-internet.de/
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
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19.2 Summary of translational project 

The combined Phase I/II (open label, non-randomized) BioVAT-HF Early Clinical Study is 
designed to obtain first clinical data on feasibility, safety and efficacy of epicardial EHM 
implantation in patients with end-stage heart failure and reduced ejection fraction (HFrEF; EF 
≤35%). It will comprise of three parts: (I) a dose finding cohort (n=18 patients) starting with the 
anticipated minimally effective dose (i.e., EHM-assemblies constructed from 200 million induced 
pluripotent stem cell-derived cardiomyocytes and stroma cells [iPSC-CM/StC]) up to an 
anticipated maximal feasible dose (MFD; i.e., EHM-assemblies constrcuted from 800 million iPSC-
CM/StC); (II) a refinement cohort to test for optimal applications on the left (n=5) and right (n=5) 
ventricles; (III) an expansion cohort (n=25) to obtain clinical proof-of-concept for the most suitable 
indication and dosing according to the data obtained in I and II. Route of administration will be via 
minimal left-lateral thoracotomy as a standalone intervention in LV applications and concomitant 
to an open-chest LV intervention in RV applications.  



BioVAT-HF, Clinical Trial Protocol V 1.0 
EudraCT-No.: 2019-000885-39 

Confidential  Page 76 of 78 

20 References 

Beck, J., Oellerich, M., Schulz, U., Schauerte, V., Reinhard, L., Fuchs, U., Knabbe, C., Zittermann, 
A., Olbricht, C., Gummert, J.F., et al. (2015). Donor-Derived Cell-Free DNA Is a Novel Universal 
Biomarker for Allograft Rejection in Solid Organ Transplantation. Transplantation proceedings 47, 
2400-2403. 
Bergmann, O., Zdunek, S., Felker, A., Salehpour, M., Alkass, K., Bernard, S., Sjostrom, S. L., 
Szewczykowska, M., Jackowska, T., Dos Remedios, C., Malm, T., Andrä, M., Jashari, R., 
Nyengaard, J. R., Possnert, G., Jovinge, S., Druid, H., & Frisén, J. (2015). Dynamics of Cell 
Generation and Turnover in the Human Heart. Cell, 161(7), 1566–1575.  
Chen, V.C., Ye, J., Shukla, P., Hua, G., Chen, D., Lin, Z., Liu, J.C., Chai, J., Gold, J., Wu, J., et al. 
(2015). Development of a scalable suspension culture for cardiac differentiation from human 
pluripotent stem cells. Stem Cell Res 15, 365-375. 
Chong, J.J., Yang, X., Don, C.W., Minami, E., Liu, Y.W., Weyers, J.J., Mahoney, W.M., Van Biber, 
B., Cook, S.M., Palpant, N.J., et al. (2014). Human embryonic-stem-cell-derived cardiomyocytes 
regenerate non-human primate hearts. Nature 510, 273-277. 
Costanzo, M. R., Dipchand, A., Starling, R., Anderson, A., Chan, M., Desai, S., Fedson, S., Fisher, 
P., Gonzales-Stawinski, G., Martinelli, L., McGiffin, D., Smith, J., Taylor, D., Meiser, B., Webber, 
S., Baran, D., Carboni, M., Dengler, T., Feldman, D., Frigerio, M., … International Society of Heart 
and Lung Transplantation Guidelines (2010). The International Society of Heart and Lung 
Transplantation Guidelines for the care of heart transplant recipients. The Journal of heart and 
lung transplantation : the official publication of the International Society for Heart Transplantation, 
29(8), 914–956. 
Cyranoski, D. (2018). 'Reprogrammed' stem cells approved to mend human hearts for the first 
time. Nature 557, 619-620. 
Didie, M., Christalla, P., Rubart, M., Muppala, V., Doker, S., Unsold, B., El-Armouche, A., Rau, T., 
Eschenhagen, T., Schwoerer, A.P., et al. (2013). Parthenogenetic stem cells for tissue-engineered 
heart repair. The Journal of clinical investigation 123, 1285-1298. 
Eschenhagen, T., Fink, C., Remmers, U., Scholz, H., Wattchow, J., Weil, J., Zimmermann, W., 
Dohmen, H. H., Schäfer, H., Bishopric, N., Wakatsuki, T., & Elson, E. L. (1997). Three-dimensional 
reconstitution of embryonic cardiomyocytes in a collagen matrix: a new heart muscle model 
system. FASEB journal : official publication of the Federation of American Societies for 
Experimental Biology, 11(8), 683–694. 
Franzen-Dahlin, A., Karlsson, M.R., Mejhert, M., and Laska, A.C. (2010). Quality of life in chronic 
disease: a comparison between patients with heart failure and patients with aphasia after stroke. 
Journal of clinical nursing 19, 1855-1860. 
Fujita, B., and Zimmermann, W.H. (2017a). Engineered Heart Repair. Clin Pharmacol Ther 102, 
197-199. 
Fujita, B., and Zimmermann, W.H. (2017b). Myocardial Tissue Engineering for Regenerative 
Applications. Curr Cardiol Rep 19, 78. 
Fujita, B., and Zimmermann, W.H. (2018). Myocardial tissue engineering strategies for heart 
repair: current state of the art. Interact Cardiovasc Thorac Surg 27, 916-920. 
Gepstein, L. (2002). Derivation and potential applications of human embryonic stem cells. 
Circulation research 91, 866-876. 
Gerbin, K.A., Yang, X., Murry, C.E., and Coulombe, K.L. (2015). Enhanced Electrical Integration 
of Engineered Human Myocardium via Intramyocardial versus Epicardial Delivery in Infarcted Rat 
Hearts. PLoS One 10, e0131446. 



BioVAT-HF, Clinical Trial Protocol V 1.0 
EudraCT-No.: 2019-000885-39 

Confidential  Page 77 of 78 

Hsich, E.M., Rogers, J.G., McNamara, D.M., Taylor, D.O., Starling, R.C., Blackstone, E.H., and 
Schold, J.D. (2016). Does Survival on the Heart Transplant Waiting List Depend on the Underlying 
Heart Disease? JACC Heart failure 4, 689-697. 
Kawel, N., Turkbey, E. B., Carr, J. J., Eng, J., Gomes, A. S., Hundley, W. G., Johnson, C., Masri, 
S. C., Prince, M. R., van der Geest, R. J., Lima, J. A., & Bluemke, D. A. (2012). Normal left 
ventricular myocardial thickness for middle-aged and older subjects with steady-state free 
precession cardiac magnetic resonance: the multi-ethnic study of atherosclerosis. Circulation. 
Cardiovascular imaging, 5(4), 500–508.  
Kianifard, F., Islam, M.Z. (2011). A guide to the design and analysis of small clinical studies. Pharm 
Stat., 10 (4): 363-368. 10.1002/pst.477. 
Liu, Y.W., Chen, B., Yang, X., Fugate, J.A., Kalucki, F.A., Futakuchi-Tsuchida, A., Couture, L., 
Vogel, K.W., Astley, C.A., Baldessari, A., et al. (2018a). Erratum: Human embryonic stem cell-
derived cardiomyocytes restore function in infarcted hearts of non-human primates. Nat Biotechnol 
36, 899. 
Liu, Y.W., Chen, B., Yang, X., Fugate, J.A., Kalucki, F.A., Futakuchi-Tsuchida, A., Couture, L., 
Vogel, K.W., Astley, C.A., Baldessari, A., et al. (2018b). Human embryonic stem cell-derived 
cardiomyocytes restore function in infarcted hearts of non-human primates. Nat Biotechnol 36, 
597-605. 
Long, E.F., Swain, G.W., and Mangi, A.A. (2014). Comparative survival and cost-effectiveness of 
advanced therapies for end-stage heart failure. Circulation Heart failure 7, 470-478. 
Lopez Sendon, J.L., and Montoro, N. (2015). The changing landscape of heart failure outcomes. 
Medicographia 37, 125-134. 
Menasche, P., Vanneaux, V., Hagege, A., Bel, A., Cholley, B., Parouchev, A., Cacciapuoti, I., Al-
Daccak, R., Benhamouda, N., Blons, H., et al. (2018). Transplantation of Human Embryonic Stem 
Cell-Derived Cardiovascular Progenitors for Severe Ischemic Left Ventricular Dysfunction. J Am 
Coll Cardiol 71, 429-438. 
Murray, C.J., Vos, T., Lozano, R., Naghavi, M., Flaxman, A.D., Michaud, C., Ezzati, M., Shibuya, 
K., Salomon, J.A., Abdalla, S., et al. (2012). Disability-adjusted life years (DALYs) for 291 diseases 
and injuries in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease 
Study 2010. Lancet 380, 2197-2223. 
Nguyen, P.K., Neofytou, E., Rhee, J.W., and Wu, J.C. (2016). Potential Strategies to Address the 
Major Clinical Barriers Facing Stem Cell Regenerative Therapy for Cardiovascular Disease: A 
Review. JAMA cardiology 1, 953-962. 
Nieminen, M.S., Dickstein, K., Fonseca, C., Serrano, J.M., Parissis, J., Fedele, F., Wikstrom, G., 
Agostoni, P., Atar, S., Baholli, L., et al. (2015). The patient perspective: Quality of life in advanced 
heart failure with frequent hospitalisations. International journal of cardiology 191, 256-264. 
Puglisi, A., Lunati, M., Marullo, A.G., Bianchi, S., Feccia, M., Sgreccia, F., Vicini, I., Valsecchi, S., 
Musumeci, F., and Vitali, E. (2004). Limited thoracotomy as a second choice alternative to 
transvenous implant for cardiac resynchronisation therapy delivery. European heart journal 25, 
1063-1069. 
Qin, X., Riegler, J., Tiburcy, M., Zhao, X., Chour, T., Ndoye, B., Nguyen, M., Adams, J., Ameen, 
M., Denney, T.S., Jr., et al. (2016). Magnetic Resonance Imaging of Cardiac Strain Pattern 
Following Transplantation of Human Tissue Engineered Heart Muscles. Circ Cardiovasc Imaging 
9. 
Riegler, J., Tiburcy, M., Ebert, A., Tzatzalos, E., Raaz, U., Abilez, O.J., Shen, Q., Kooreman, N.G., 
Neofytou, E., Chen, V.C., et al. (2015). Human Engineered Heart Muscles Engraft and Survive 
Long Term in a Rodent Myocardial Infarction Model. Circ Res 117, 720-730. 
Romagnuolo, R., Masoudpour, H., Porta-Sanchez, A., Qiang, B., Barry, J., Laskary, A., Qi, X., 
Masse, S., Magtibay, K., Kawajiri, H., et al. (2019). Human Embryonic Stem Cell-Derived 



BioVAT-HF, Clinical Trial Protocol V 1.0 
EudraCT-No.: 2019-000885-39 

Confidential  Page 78 of 78 

Cardiomyocytes Regenerate the Infarcted Pig Heart but Induce Ventricular Tachyarrhythmias. 
Stem Cell Reports 12, 967-981. 
Shiba, Y., Gomibuchi, T., Seto, T., Wada, Y., Ichimura, H., Tanaka, Y., Ogasawara, T., Okada, K., 
Shiba, N., Sakamoto, K., et al. (2016). Allogeneic transplantation of iPS cell-derived 
cardiomyocytes regenerates primate hearts. Nature 538, 388-391. 
Tiburcy, M., Hudson, J.E., Balfanz, P., Schlick, S., Meyer, T., Chang Liao, M.L., Levent, E., Raad, 
F., Zeidler, S., Wingender, E., et al. (2017). Defined Engineered Human Myocardium With 
Advanced Maturation for Applications in Heart Failure Modeling and Repair. Circulation 135, 1832-
1847. 
Weinberger, F., Breckwoldt, K., Pecha, S., Kelly, A., Geertz, B., Starbatty, J., Yorgan, T., Cheng, 
K.H., Lessmann, K., Stolen, T., et al. (2016). Cardiac repair in guinea pigs with human engineered 
heart tissue from induced pluripotent stem cells. Sci Transl Med 8, 363ra148. 
Yancy, C. W., et. al. “2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report 
of the American College of Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines.” Circulation 128.16 (2013) 
Yang, P.C. (2018). Induced Pluripotent Stem Cell (iPSC)-Derived Exosomes for Precision 
Medicine in Heart Failure. Circulation research 122, 661-663. 
Zhao, X., Chen, H., Xiao, D., Yang, H., Itzhaki, I., Qin, X., Chour, T., Aguirre, A., Lehmann, K., 
Kim, Y., et al. (2018). Comparison of Non-human Primate versus Human Induced Pluripotent Stem 
Cell-Derived Cardiomyocytes for Treatment of Myocardial Infarction. Stem Cell Reports 10, 422-
435. 
Zimmermann, W. H., Fink, C., Kralisch, D., Remmers, U., Weil, J., & Eschenhagen, T. (2000). 
Three-dimensional engineered heart tissue from neonatal rat cardiac myocytes. Biotechnology 
and bioengineering, 68(1), 106–114. 
Zimmermann, W.H., Didie, M., Wasmeier, G.H., Nixdorff, U., Hess, A., Melnychenko, I., Boy, O., 
Neuhuber, W.L., Weyand, M., and Eschenhagen, T. (2002). Cardiac grafting of engineered heart 
tissue in syngenic rats. Circulation 106, I151-157. 
Zimmermann, W.H., Melnychenko, I., Wasmeier, G., Didie, M., Naito, H., Nixdorff, U., Hess, A., 
Budinsky, L., Brune, K., Michaelis, B., et al. (2006). Engineered heart tissue grafts improve systolic 
and diastolic function in infarcted rat hearts. Nature medicine 12, 452-458. 
 



 

 
 

Clinical Trial Protocol 

Safety and Efficacy of Induced Pluripotent Stem Cell-derived Engineered Human 
Myocardium as Biological Ventricular Assist Tissue in Terminal Heart Failure 

BioVAT-HF 

Engineered Human Myocardium (EHM) in patients with terminal heart failure 

  

EU CT No. 2024-515708-38-01 

FOMA-ID 02289 

ClinicalTrials.gov ID NCT04396899 

Protocol Version V 7.0, 20.11.2024 

Therapeutic area Terminal heart failure 

Revision chronology, if 
applicable 

Version 6.0 
Version 5.2 
Version 5.1 
Version 5.0 
Version 4.2 
Version 3.0 
Version 2.0  

Development Phase Phase I/II 

Sponsor University Medical Center Göttingen 
represented by the Head of the Clinical Trials Unit  
Von-Bar-Str. 37075 Göttingen, GERMANY 

  

Coordinating Scientist Prof. Dr. Wolfram-Hubertus Zimmermann 
University Medical Center Göttingen 
Robert-Koch-Str. 40 
37075 Göttingen 

  

http://dzhk.de/


BioVAT-HF, Clinical Trial Protocol V 7.0, 20.11.2024 
EU CT-No.: 2024-515708-38-01 

Confidential 
 

This Clinical Trial Protocol contains confidential information. Circulation of this material to 
individuals who are not involved in the carrying out of the study or any kind of publication 
requires the approval of the sponsor. These limitations similarly relate to all confidential 

information and data which will be obtained in the future. 







BioVAT-HF, Clinical Trial Protocol V 7.0, 20.11.2024

EU CT-No.: 2024-515708-38-01

Approval ofthe Clinical Trial Protocol

Safety and Efficacy of Induced Pluripotent Stern Cell-derived Engineered Human
Myocardium äs Biological Ventricular Assist Tissue in Terminal Heart Failure

EU CT No.:

Protocol Version No:

2024-515708-38-01

V 7.0, 20.11.2024

R. Tostmann

Sponsor Representative Date Signature

Prof. Dr. Wolfram-Hubertus

Zimmermann

Coordinating Scientist

Prof. Dr. Tim Friede

Biostatistician

Date Signature

Z( W 2^
Date Signature

Confidential Page 3of126



BioVAT-HF, Clinical Trial Protocol V 7.0, 20.11.2024 
EU CT-No.: 2024-515708-38-01 

Confidential  Page 4 of 128 
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Trial Site:  

I confirm that I have read the Clinical Trial Protocol (CTP) and hereby commit to adhering to all 
actions and terms as specified in the relevant sections of the clinical, ethical and general 
paragraphs. 

I confirm that I and my colleagues will comply with the local legislation (in Germany, the German 
Drug Law with the appropriate amendments). I further confirm that the clinical trial will be carried 
out in compliance with the Declaration of Helsinki and ICH-GCP guidelines.  

I acknowledge that all confidential information contained in this document will not be used for any 
other purpose other than the evaluation or conduct of the clinical investigation without the prior 
written consent of the Sponsor. 

Under my supervision I put copies of this CTP and possible updates as well as access to all 
information regarding the carrying out of this clinical trial at the disposal of my colleagues; in 
particular I will promptly forward all information from the Sponsor in relation to pharmaceutical 
safety (SUSARs, SmPC and IB updates, if applicable) to my colleagues.  

I confirm that I and my colleagues were informed by a responsible scientist about the results and 
expected risks of the pharmacological and toxicological examination associated with the clinical 
trial. 

I will discuss this CTP in detail with my colleagues and ensure that they are comprehensively 
informed about the trial compound/preparation and the execution of the trial.  

I confirm that I will be responsible for supervising any individual or party to whom I delegate study 
tasks conducted at the trial site. 

Furthermore I commit myself not to commence patient enrolment prior to approval of the 
competent authorities (CA) and acceptance by the responsible Independent Ethics Committee 
(IEC).  
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Synopsis 

TITLE OF TRIAL Safety and Efficacy of Induced Pluripotent Stem Cell-derived 
Engineered Human Myocardium as Biological Ventricular Assist 
Tissue in Terminal Heart Failure 

SHORT TITLE BioVAT-HF 
EU CT NO 2024-515708-38-01 
FOMA-ID 02289 
HEALTH CONDITION 
STUDIED 

Terminal heart failure 

PHASE  Phase I/II 
OBJECTIVE(S) Primary objective: 

 to assess safety and efficacy of Engineered Human 
Myocardium (EHM) in patients with terminal heart failure 
(HFrEF EF ≤35%) with or without RV dysfunction (TAPSE <16 
mm) 

Secondary objective: 
 to assess effects of EHM-grafts on disease-specific events 

and symptoms 
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TREATMENT(S) Experimental intervention/Index test: 
Implantation of EHM on dysfunctional left or right ventricular 
myocardium in patients with HFrEF (EF ≤35%).  
 
Part A: Dose Finding Cohort to determine the Minimally Effective Dose 
and Optimally Effective Dose Range, and if possible the Safe Maximal 
Dose of EHM.  
 
Part B: Refinement/Expansion Cohort to specify the most optimal EHM 
target heart wall, i.e. the left ventricle (LV) or the right ventricle (RV), 
and to collect proof-of-concept data as to efficacy of EHM mediated 
augmentation of the LV or RV by remuscularization. 
 
Epicardial implantation will be via a minimal invasive left lateral 
thoracotomy performed as standalone procedure in case of LV 
targeting and concomitant to a scheduled open chest LV surgery if the 
RV is targeted. This strategy will reduce confounding effects as to the 
interpretation of EHM efficacy data.  
 
Duration of intervention per patient: 

 Start of immune suppression 7±3 days before EHM 
implantation until the end of the study (daily intake of a 
calcineurin inhibitor and a corticosteroid for 12 months after 
EHM implantation) 

 Implantation of EHM: 90 minutes according to experience from 
preclinical studies and similar surgical procedures (i.e., 
epicardial pacemaker lead placement) 
 

Note: Immune suppression will be according to revised ISHLT-
guidelines (Velleca et al., 2023) with a preference for a combined use 
of Calcineurin inhibitors (CNI) and mTOR inhibitors with 
Methylprednisolone:  
Calcineurin inhibitors (CNIs), preferably Tacrolimus, will be adjusted to 
trough levels of 8-10 ng/ml for 3-6 months (Baran et al. 2011) and then 
(1) continued at a reduced dose to maintain trough levels of 5-8 ng/ml 
(in case of no drug related side effects), (2) reduced to 3-8 ng/ml in 
combination with a mTOR-inhibitor (in case of drug related side effects) 
or (3) discontinued (CNI-free protocol; in case of intolerable CNI-
related side effects).  
mTOR-inhibitors, preferably Everolimus, in combination with CNI are 
adjusted to trough concentrations of 3-8 ng/mL. In case of CNI-free 
protocol Everolimus maintenance trough levels of 6-10 ng/ml are 
targeted. 
Proliferation signal inhibitors (PSIs), preferably mycophenolat mofetil 
(MMF), may be added according to ISHLT-guidelines (Velleca et al., 
2023) and the reported proceeding in the TICTAC trial for 2 weeks 
post operatively (NCT00299221; Baran et al. 2011) at the discretion 
of the treating physician. 
Methylprednisolone (0.15 mg/kg bodyweight) administered daily for 3-
6 months, preferably 6 months.  
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Perioperative antibiotics will be selected based upon their activity 
against skin flora, including Staphylococcus species, according to 
standard protocols in cardiothoracic surgery at the respective 
transplant centers. 
Pneumocystis jiroveci (PJP) prophylaxis will be initiated in the early 
postoperative phase by daily administration of 
trimethoprim/sulfamethoxazole (80 mg TMP/160 mg SMZ per day) and 
continued for 6-12 months. In the setting of a sulfa allergy or glucose-
6-phosphate dehydrogenase deficiency, alternative regimens can be 
used, including: (1) aerosolized pentamidine (AP) isethionate (300 mg 
every 3−4 weeks); (2) dapsone (diaminodiphenylsulfone) with or 
without TMP or pyrimethamine (50−100 mg/day). Pyrimethamine may 
be administered weekly (25 or 50 mg) to supplement dapsone (50-100 
mg/day). (3) Atovaquone (1,500 mg PO QD). (4) Clindamycin and 
pyrimethamine.  
After the final study visit (Visit 10), patients will be further monitored by 
their treating physician. Immune suppression by calcineurin inhibition 
and/or mTOR inhibition will be prescribed to prevent allograft rejection 
with a recommendation for continuation until end-of-life if the benefit-
risk assessment remains positive at the 12-month study endpoint and 
beyond.  
The treating physician is requested to report clinically relevant 
observations to the principal investigator. After 12-month follow-up, 
study patients will be asked for informed consent to be enrolled in the 
VAT-registry until end-of-life for the documentation of long-term 
outcome. 
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 Follow-up per patient: 
 Echocardiography and cardiac CT to study global and regional 

heart/graft function; cardiac MRI can be performed instead of 
cardiac CT if sufficient image quality can be 
anticipated/confirmed at the baseline investigation:  
Echo: before EHM implantation (baseline) as well as 2 weeks, 
1 month, 3 months, 6 months, and 12 months after surgery 
CT: before EHM implantation (baseline) as well as 3 months 
and 12 months after surgery 
MRI (only if high image quality can be anticipated/confirmed at 
the baseline investigation): before EHM implantation (baseline) 
as well as 1 month, 6 months, and 12 months after surgery  

 Biomarkers: CK and CK-MB in case of elevated CK, hs-cTnT, 
NT-proBNP, CRP, creatinine, cystatin C, blood urea nitrogen 
(BUN)  

 Assessment of graft derived cell-free DNA for the monitoring of 
graft retention/rejection (before EHM implantation as well as 2 
weeks, 1, 3, 6, and 12 months after surgery)  

 Telemetric monitoring via Implantable Cardioverter Defibrillator 
(ICD)- or Cardiac Resynchronization Therapy-Defibrillator 
(CRT-D)-devices with event recorder for the whole duration of 
the study.  

 Pathology to obtain data on graft survival, integration, and 
maturation upon heart transplantation or death (according to 
patient consent). 

 Monitoring of pulmonary artery pressure with a CardioMEMS 
HF Device (St. Jude Medical) or a similar device, if device has 
been implanted electively. 
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 Accompanying measures: 
 Therapeutic drug monitoring (TDM) to verify effective trough 

levels of accompanying immune suppressive drugs according 
to the proceeding in orthotopic heart transplantation (ISHLT 
Guidelines; Velleca et al. 2023), i.e.:  
for Tacrolimus:  
8-10 ng/ml for 3-6 months (Baran et al. 2011) and then (1) 
continued to maintain trough levels of 5-8 ng/ml (in case of no 
drug related side effects), (2) reduced to 3-8 ng/ml if combined 
with a mTOR-inhibitor (in case of drug related side effects) or 
(3) discontinued (CNI-free protocol; in case of intolerable CNI-
related side effects).  
for Everolimus:  
3-8 ng/ml if combined with a CNI or 6-10 ng/ml if administered 
in a CNI-free protocol.  
Cylcosporine may be applied instead of Tacrolimus, Sirolimus 
may be applied instead of Everolimus, Mycophenolat Mefetil 
(MFF) may be applied as a proliferation signal inhibitor (PSI) at 
the discretion of the treating physician and in accordance with 
guideline recommendations or clinical best practice in heart 
transplantation. TDM will be performed to monitor trough levels. 

 Biomarker analysis to monitor rejection: CK and CK-MB in case 
of elevated CK, hs-cTnT, cell-free allograft-derived DNA 
(experimental method; substudy)  

 Monitoring of specific allograft immune responses: donor 
specific antibodies (DSA) 
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INCLUSION CRITERIA 1. Symptomatic heart failure (NYHA II-IV) with reduced ejection 
fraction (HFrEF with LVEF ≤35%) as assessed by 
echocardiography. 

2. Patients on guideline-directed medical therapy 
3. NT-proBNP >300 pg/mL for patients in sinus rhythm or >900 

pg/mL if in atrial fibrillation  
4. History of previous heart failure hospitalization in the past 12 

months 
5. At least one hypo- or dyskinetic segment or dilated heart 

chamber to demark the implant target area. 
6. (A) Stable disease condition allowing for an elective left-lateral 

mini-thoracotomy (for LV applications)  
or  
(B) open-chest surgery (for RV applications) for a clinically 
indicated intervention on the LV (e.g., coronary bypass surgery, 
valve repair, mechanical circulatory support device 
implantation) with concomitant RV dysfunction, diagnosed 
using the Tricuspid Annular Plane Systolic Excursion (TAPSE) 
index <16 mm (Rudski et al. 2010).  

7. 18-80 years of age 
8. Willingness and ability to give written informed consent 
9. Female subjects of childbearing potential must agree to use 

acceptable method(s) of contraception for the full study 
duration. 

EXCLUSION 
CRITERIA 

1. Contraindication to immunosuppressive drugs (e.g. known 
history of unresolved cancer, hepatitis B/C, HIV, HTLV1)  

2. Contraindication to TachoSil® (e.g. hypersenstitivity to human 
fibrinogen, human thrombin, horse collagen, human albumin, 
Riboflavin, Natriumchloride, Natriumcitrate, L-Arginin-
Hydrochloride) 

3. Hypertrophic cardiomyopathy (HCM) 
4. Terminal kidney failure (stage 4; GFR <30 ml/min) at the time 

of enrolment 
5. Terminal liver failure (Child-Pugh stage C; score >10) at the 

time of enrolment 
6. History of disabling stroke 
7. Reduced life expectancy in the short term due to non-cardiac 

disease 
8. Any condition that excludes adherence to study protocol (in 

particular lack of adherence to prescribed medication) 
9. Simultaneous participation in another interventional trial 
10. Pregnant or breastfeeding females 
11. Known or suspected alcohol and/or drug abuse 
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SAFETY ENDPOINTS Assessment of safety: 
Primary Safety Endpoint 

 Part A (Dose Escalation steps): Adverse events related to the 
procedure, including in particular arrhythmic events and 
worsening of disease progression within 28 days (based on a 
comparison of data obtained during visit 2 and visit 7)  

 Part B: Adverse events related to the procedure, including in 
particular arrhythmic events and worsening of disease 
progression within the whole study duration 

 
Secondary Safety Endpoints: 

 Frequency of major adverse cardiac events (MACE; non-fatal 
myocardial infarction, non-fatal stroke and cardiovascular 
death) 

 Frequency and severity of arrhythmic events 
 Incidence of immune rejection (allograft DNA, CK/CK-MB, hs-

cTnT, DSA)  
 Incidence of mechanical perturbation of ventricular function by 

EHM graft 
EFFICACY 
ENDPOINTS 

Primary efficacy endpoints: 
 Structural endpoint:  

Change from baseline in EHM target heart wall thickness (TWTh) 
measured by echocardiography or cardiac CT or cardiac MRI 
over 12 months 

 Functional endpoint: 
Change from baseline in left/right ventricular ejection fraction (LV-
EF/RV-EF) measured by echocardiography or cardiac CT or cardiac 
MRI in the LV/RV cohorts over 12 months 

 Patient reported outcome/quality of life: 
Change from baseline in Kansas City Cardiomyopathy 
Questionnaire-23 Overall Summary Score (KCCQ-23 OSS) over 12 
months  

 
Key secondary endpoint: 

 Recurrent HF hospitalizations  
 

Further secondary endpoints: 
 Time to mechanical circulatory assist device implantation. 
 Time to heart transplantation. 
 Functional status in patients as determined by cardiopulmonary 

stress testing (VO2max), six-minute walk test (6MWT)  
distance, and hand-grip strength measurements   

 Patient reported outcomes assessed by NYHA classification, 
quality of life score (EQ-5D-5L), and study adherence 
motivation (HADS, MoCA, IPQ-8, TEX-Q, medication 
adherence)  

 All-cause and cardiovascular mortality 
TRIAL DESIGN Combined, open-label, phase I/II safety and efficacy study 
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STATISTICAL 
ANALYSIS 

Primary Endpoints:  
Primary efficacy analyses are based on the changes from baseline 
(visit 2) in structural outcome (TWTh), functional outcome (LV/RV-EF), 
and/or patient-reported outcome (KCCQ-OSS) at 1 month (visit 7), 3 
months (visit 8), 6 months (visit 9) and 12 months (visit 10) after 
implantation. To test for a time-effect a linear mixed model will be 
employed for each of the three primary endpoints. For all three primary 
endpoints the hypothesis of a positive trend over 12 months will be 
tested. All three primary endpoints will be assessed independently. 
Type-1 error will be controlled using the Hochberg procedure. 
 
Secondary endpoints: 
Secondary endpoint analyses will be similar as the analyses of the 
primary endpoint and comprise of Gaussian longitudinal models 
evaluating changes over time from baseline prior to EHM implantation. 
For recurrent event data such as HF hospitalizations, appropriate 
regression models such as the negative binomial regression model or 
the semiparametric LWYY model will be used. Time to event outcomes 
such as the time to mechanical assist device implantation or the time 
to heart transplantation will be displayed using Kaplan-Meier curves. If 
sufficient number of events occurred, Cox regression analyses would 
be applied.  
 
Safety: 
The maximal feasible dose (MFD; 20 g EHM comprised of 800 million 
cells) was chosen conservatively based on preclinical experience in 
Rhesus macaque and allometric scaling considerations. The 
probability of dose-limiting toxicity will be modelled by a Bayesian two-
parameter logistic regression model. Safety events will be summarized 
as rates with 95% confidence intervals. Survival will be displayed as 
Kaplan-Meier curve and analyzed using a Cox proportional hazards 
model exploring the prognostic quality of the biomarkers assessed at 
baseline. 

 Effect size assumed for estimation of sample size:  
A sample size of 30 patients (in Part B) yields a power of 80% (90%) 
in a pre-post comparison of means at a two-sided significance level of 
10% given a standardized mean difference (Cohen’s d) of 0.47 (0.55).  

SAMPLE SIZE 
 

Part A: n = 18 (max.), in dose cohorts of 
minimally 2 patients 

 

Part B  n = 35 (min. 5 with LV and min. 5 
with RV EHM placement; max. 30 
per LV or RV indication) 

To be assessed for eligibility: n = 65 
To be allocated to trial: n = 53 
To be analysed: n = 53 
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TRIAL DURATION Time for preparation of the trial: 6 months 
Recruitment period (part A to 
part B):  

60 months 

First patient in to last patient out 
(LPO):  

72 months 

Post processing after LPO: 6 months 
Duration of the entire trial:  84 months 
Duration of surgical intervention 
per patient: 

120 minutes  

Follow up duration per patient: 12 months 
PLANNED DATES 
 

Enrolment of first patient, first 
patient in (FPI) 

1st quarter 2021 

Enrolment of last patient, last 
patient in (LPI) 

4th quarter 2026 

End of trial defined as last 
patient last visit (LPLV) 

4th quarter 2027 

Final statistical analysis 2nd quarter 2028 

Planned interim analysis Interim analysis will be performed 
after end of study part A and after 
15 of the patients treated with the 
SMD either with LV or RV EHM 
implantation have completed at 
least 3 months follow-up. 

PARTICIPATING 
SITES 

Up to 8 sites are planned in Germany. 1 site  outside Germany is 
planned. 

FUNDER(S) The trial is funded by the DZHK (Deutsches Zentrum für Herz-
Kreislauf-Forschung e.V.) and Repairon GmbH. 
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Table 1 Visit schedule and assessments – Flowchart 

Visits Title in eCRF 

Baseline Start of 
Immuno-

supression 
(Visit 3) 

Hospital 
admission 

(Visit 4) 

Implantation 
(Visit 5) 

Follow Up 1 
(Visit 6) 

Follow Up 2 
(Visit 7) 

Follow Up 
3 

(Visit 8) 

Follow 
Up 4 

(Visit 9) 

Follow 
Up 5 

(Visit 10) Baseline 1 
(Visit 1) 

Baseline 2   
(Visit 2) 

 

                Time 
 
Section 

min. 24 h before 
Baseline 2  

Month -3 to week -
2 Day -10 to -4 Day -6 to -1 Day 0 

Before 
release from 

hospital 

1 month  
(± 7 days) 

3 months  
(± 7 days) 

6 
months  

(± 7 
days) 

12 
months  

(± 7 
days) 

Informed Consent  x          

Inclusion / Exclusion 
Criteria 4.2 / 4.3  x         

Medical History 7.9.12  x         

DZHK basic data set 7.9.3  x1  x2  x2 x2 x2 x2 x2 

Concomitant heart 
failure medications 7.9.4  x  x  x x x x x 

Patient registration 
eCRF 5.2  x         

Adverse events 
documentation 10    x x x x x x x 

CBC with differentials 
and platelet count 7.9.6  x  x  x x x x x 

CRP, Procalcitonine, 
IL6 7.9.6  x  x  x x x x x 

Liver panel, albumin 7.9.6  x  x  x x x x x 

Creatinine, cystatin C, 
BUN 7.9.6  x  x  x x x x x 

PTT or PT/INR as 
applicable 7.9.6  x  x  x x x x x 

Plasma free 
haemoglobin; Iron 7.9.6  x  x  x x x x x 

hsTnT, CK/CK-MB 7.9.6  x  x  x x x x x 

NT-proBNP 7.9.6  x  x  x x x x x 

HBsAg, Anti-HCV, 
Anti-HIV, Anti-HTLV-1 7.9.6  x         
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Pregnancy Test (for 
females of 
childbearing potential) 

7.9.6  x 
  

      

Blood draw for cell-
free allograft DNA 
assessment3 

7.10.2/ 
Appendix 

19.3 

 
x 

  
 x x x x x 

HLA/KIR-Typing 7.9.6  x         

Donor Specific 
Antibodies 7.9.6  x     x x x x 

12-lead ECG 7.9.7  x  x  x x x x x 

Echocardiography 7.9.8  x  x  x x x x x 

Cardiac-CT4  7.9.9  x      x  x 

Cardiac-MRI5 7.9.10  x      x x x 

Chest x-rays 7.9.11    (x) x6      

6MWT  7.9.12  x     x x x x 

Cardiopulmonary 
exercise testing  7.9.13  x     x x x x 

Hand grip strength  7.9.14  x     x x x x 

EuroSCORE II  7.9.15  x         

INTERMACS 7.9.16  x        x 

KCCQ-23 7.9.177  x      x  x 

EQ-5D-5L 7.9.177  x      x  x 

HADS 7.9.177  x      x  x 

MoCA 7.9.177  x      x  x 

Medication 
adherence 7.9.177  x      x  x 

B-IPQ 7.9.177  x         

TEX-Q 7.9.17  x         

Surgical Procedure 9.7     x      

ICD/CRTD-event 
recorder readout 7.9.18  x  x  x x x x x 

TDM Calcineurin 
Inhibitors 6.1 / 6.2   x x x x x x x x 

DZHK-Biobanking 
Data Set7 7.9.6  x    x x x x x 



BioVAT-HF, Clinical Trial Protocol V 7.0, 20.11.2024 
EU CT-No.: 2024-515708-38-01 

Confidential   Page 24 of 128 

1according to DZHK-SOP-K-01 “Basisdatensatz – Anamnese / Klinische Diagnosen / Körperliche Untersuchung“ 
2a reduced data set of the DZHK-SOP-K-01 “Basisdatensatz – Anamnese / Klinische Diagnosen / Körperliche Untersuchung“ needs to be collected as defined in chapter 7.6.2 
3only if patients consent 
4performed if cardiac MRI is viewed insufficient to assess heart/implant structure and function – this is generally the case if patients are implanted with a device such as ICD, CRT-D, mitra-Clip, stents 
5performed if patients are eligible to cardiac MRI investigations and high image quality can be anticipated  
6Two chest x-rays necessary: ~2h after Implantation and ~2h after chest drainage removal (see also chapters 7.9.10 and 9.7) 
7Collection of biological samples according to patient consent 
(x): only if indicated
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   Responsibilities 

 
Sponsor Institution: University Medical Center Göttingen 

Board of Directors 
Representative: Ralf Tostmann 

Head of Clinical trials unit (Studienzentrum 
UMG) 
On behalf of the Board of Directors 

Address: Von-Bar-Str. 2/4, 37075 Göttingen 
Telephone: +49(0)551 39 60812 
Fax:  +49(0)551 39 60846 
E-mail: studienzentrum-umg@med.uni-goettingen.de 

Coordinating Scientist Name: Prof. Dr. Wolfram-Hubertus Zimmermann 
 Institution: University Medical Center Göttingen 

Institute of Pharmacology and Toxicology 
 Address: Robert-Koch-Str. 40, 37075 Göttingen 
 Telephone: +49(0)551 39 65781 
 E-mail: w.zimmermann@med.uni-goettingen.de 
IMP Manufacturer Name: Prof. Dr. Tobias Legler 

Institution: University Medical Center Göttingen 
Department of Transfusion Medicine 

Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 64446 
E-mail: tfm@med.uni-goettingen.de 

Biostatistician Name: Prof. Dr. Tim Friede 
Institution: University Medical Center Göttingen 

Department of Medical Statistics 
Address: Humboldtallee 32+34, 37073 Göttingen 
Telephone: +49(0)551 39 65600 
E-mail: tim.friede@med.uni-goettingen.de 

Pharmacovigilance (PV) Institution: Medical Center – University of Freiburg (Clinical 
Trials Unit (CTU/ZKS)) 

Address: Elsässer Str. 2, 79105 Freiburg 
Fax:  +49 (0) 761 270-74390 
E-mail: zks.pv@list.uniklinik-freiburg.de 

Project Manager (PM) Name: Dr. Florian Walker 
Institution: University Medical Center Göttingen 

Clinical trials unit (Studienzentrum UMG) 
Address: Von-Bar-Str. 2/4, 37075 Göttingen 
Telephone: +49(0)551 39 60825 
Fax:  +49(0)551 39 60846 
E-mail: biovat@med.uni-goettingen.de 

Monitoring (CRA(s)) Institution: University Medical Center Göttingen 
Clinical trials unit (Studienzentrum UMG) 

Address: Von-Bar-Str. 2/4, 37075 Göttingen 
Telephone: +49 (0)551 39 60833 
Fax:  +49(0)551 39 60846 
E-Mail: biovat@med.uni-goettingen.de 
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Data management (DM) Name: Sabine Hanß 
Institution: University Medical Center Göttingen 

Institute of Medical Informatics 
Address: v. Siebold-Str. 3, 37075 Göttingen 
Telephone: +49(0)551 39 61547 
E-mail: dzhk.support@med.uni-goettingen.de 

Data Safety  Monitoring 
Board (DSMB) 

Name: Prof. Stefan Janssens (Cardiologist) 
Institution: University Hospital and KU Leuven 

Department of Cardiovascular Sciences 
Profession: Physician 
Address: UZ Herestraat 49, 3000 Leuven, Belgium 
Telephone: +32 16 344235 
Fax:  +32 16 344240 
E-mail: stefan.janssens@med.kuleuven.be 
Name: Prof. Philippe Menasché (Cardiothoracic 

Surgeon) 
Institution: Service de Chirurgie Cardio-vasculaire 

Hôpital Européen Georges Pompidou 
Profession: Physician 
Address: 20, rue Leblanc, 75015 Paris, France 
Telephone: 01 56 09 36 22/29 62 
E-mail: philippe.menasche@aphp.fr 
Name: Prof. Sarah Zohar (Statistician) 
Institution: INSERM U1138, Equipe 22 

Centre de Recherche des Cordeliers 
Profession: Biostatistician 
Address: 15 rue de l’école de Médecine, 75006 Paris, 

France 
Telephone: +33 1 44 27 92 03 
E-mail: sarah.zohar@inserm.fr 

Dose Determining 
Committee (DDC) 

 

Name: Prof. Wolfram-Hubertus Zimmermann 

Institution: University Medical Center Göttingen 
Institute of Pharmacology and Toxicology 

Profession: Physician 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 65781 
E-mail: w.zimmermann@med.uni-goettingen.de 
Name: Prof. Gerd Hasenfuß 
Institution: University Medical Center Göttingen 

Klinik für Kardiologie und Pneumologie 
Profession: Physician 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 67601 
E-mail: rfaber@med.uni-goettingen.de 
Name: Prof. Ingo Kutschka 
Institution: University Medical Center Göttingen 

Klinik für Thorax-, Herz- und Gefäßchirurgie 
Profession: Physician 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 68000 
E-mail: ingo.kutschka@med.uni-goettingen.de 
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Name: Prof. Tim Friede 
Institution: University Medical Center Göttingen 

Department of Medical Statistics 
Profession: Biostatistician 
Address: Humboldtallee 32+34, 37073 Göttingen 
Telephone: +49(0)551 39 65600 
E-mail: sekretariat.ams@med.uni-goettingen.de 

QP/ 
Stufenplanbeaufragter   

 

Name: Prof. Tobias Legler 
Institution: University Medical Center Göttingen 

Department of Transfusion Medicine 
Address: Robert-Koch-Str. 40, 37075 Göttingen 
Telephone: +49(0)551 39 64446 
E-mail: tfm@med.uni-goettingen.de 
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1 Background and rationale 

Heart failure is the most common cause of death. The underlying disease mechanism is a loss of 
heart muscle cells, which correlates with reduced heart function. Approximately 2.5 million patients 
in Germany, 10 million patients in Europe, and 64 million patients globally are diagnosed with 
heart failure. Due to its positive correlation with age and the dramatic demographic changes of our 
aging population, prevalence of heart failure will further increase and is thought today to affect 2-
4% of the global adult population (Savarese et al. 2023, Shahim et al., 2023).  

Incidence of heart failure is reported to be at ~300,000 new cases/year in Germany. Mortality is 
despite advances in pharmacological and interventional heart failure therapy 20% within 1 and 
50% within 5 years upon the initial diagnosis (Lopez Sendon and Montoro, 2015). Advanced heart 
failure is characterized by repeated hospitalization for heart failure decompensation and 
increasing mortality with every hospitalization for heart failure (HFH; Setoguchi et al. 2007, Butler 
et al. 2019).   

Heart transplantation is the only curative option with excellent outcome (80% 5-year survival rates; 
ISHLT-Registry data). Shortage of donor organs results in ~300 orthotopic heart transplantations 
(OHTs) per year in Germany. There is an estimated need for ~8.000 OHT per year in Germany. 

Heart failure patients upon listing for heart transplantation present a 12 month survival of 80% and 
a 24 month survival of 70% (Hsich et al., 2016). Once under inotrope support in advanced heart 
failure, average life expectancy is 1.1 years if eligible and 9.4 months if ineligible for OHT (Long 
et al., 2014).  

In addition to reduced life expectancy, quality of life in patients living with advanced heart failure 
is greatly reduced and was found to be comparable to the quality of life in patients with acute 
aphasic stroke (Franzen-Dahlin et al., 2010; Nieminen et al., 2015).  

The socioeconomic burden of heart failure is anticipated to increase markedly; e.g., direct and 
indirect cost associated with heart failure were $28 billion in the US in 2010 with an anticipated 
increase to $78 billion by 2030 (Lopez Sendon and Montoro, 2015). Ischemic heart disease is the 
main cause of heart failure and the leading contributor to disability-adjusted life years (DALYs; 
(Murray et al., 2012)). 

Because of the enormous medical unmet need for new treatment options various technical and 
regenerative therapeutic approaches, like, e.g., artificial hearts, xenotransplantation of hearts, 
implantation of a mechanical pump device (left ventricular assist device, LVAD), and more recently 
cell- and tissue-based regenerative therapies have emerged. Cell- and tissue-based repair 
approaches aim at the reconstitution of heart muscle in situ and therefore at long lasting 
therapeutic improvement of heart failure by bona fide remuscularization. Based on constantly 
rising numbers of patients suffering from heart failure and the limited availability of donor hearts 
or therapeutic alternatives, the development of regenerative, cell-/tissue-based therapeutic 
approaches is warranted.  

The BioVAT-HF trial will test the hypothesis that cardiomyocyte implantation via engineered 
human myocardium (EHM), the proposed investigational medicinal product (IMP; designated 
“Biological Ventricular Assist Tissue” or BioVAT), results in sustainable remuscularization and 
biological enhancement of myocardial performance in the failing heart. EHM are constructed from 
defined mixtures of induced pluripotent stem cell (iPSC)-derived cardiomyocytes and stromal cells 
in a bovine collagen type I hydrogel. Comprehensive preclinical testing confirmed the rationale for 
the clinical translation of the myocardial remuscularization strategy by EHM implantation. Data 
from Part A (Dose-Finding) of BioVAT-HF confirm that EHM can result in cardiac remuscularization 
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in patients with advanced heart failure (Jebran et al. 2024 [in press]). The patient target population 
for EHM therapy is patients suffering from advanced heart failure with reduced ejection fraction 
(HFrEF; EF: ≤35%) with a history of hospitalization for heart failure and classified in Class II-IV 
according to the New York Heart Association (or Stage D according to the American Heart 
Association) despite optimized guideline-directed medical therapy. 

1.1  Scientific background 

Despite encouraging results from recent studies investigating the implantation of embryonic stem 
cell-derived cardiac progenitor cells (Menasche et al., 2018) and exosome therapeutics (Liu et al., 
2018b), there is a common understanding that direct integration of cardiomyocyte implants would 
be the most promising option if successfully translated into the treatment of patients with endstage 
heart failure. As to cardiomyocyte delivery and retention, tissue engineering-based cardiomyocyte 
delivery has a clear advantage over direct intramyocardial injection (Nguyen et al., 2016; Riegler 
et al., 2015). In addition, there is comprehensive preclinical evidence for safety and efficacy of 
tissue engineered heart repair with EHM and EHM precursors obtained by the applicant’s lab in 3 
preclinical animal species (rat, mouse, and Rhesus macaque): 

1) Rat model with uncompromised heart function (Zimmermann et al., 2002) 

2) Rat model of chronic (severe) heart failure after permanent LAD occlusion (Zimmermann et al., 
2006) 

3) Mouse model of acute myocardial infarction by permanent LAD occlusion (Didie et al., 2013) 

4) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Riegler et al., 2015) 

5) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Qin et al., 2016) 

6) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Tiburcy et al., 2017) 

7) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (extension of Tiburcy 
et al., 2017 with focus on EHM patch retention; data presented in IMPD) 

8) Rhesus macaque model with uncompromised heart function (Jebran et al. 2024 [in press]; data 
presented in IMPD)  

9) Rhesus macaque model with post-myocardial infarction chronic heart failure (Jebran et al. 2024 
[in press]; data presented in IMPD)  

Additional pilot studies were performed in pig models, but found to be of no predictive value 
because of limited xenograft retention, despite administration of comprehensive immune 
suppression regimens. 

The preclinical in vivo studies 1-9 collectively provide the rationale for the BioVAT-HF trial. Study 
1 demonstrated feasibility and safety of Engineered Rat Myocardium (ERM) allograft implantation 
under immune suppression in a healthy rat model. Study 2 demonstrated electromechanical 
integration, safety and efficacy of ERM allografts in a rat model of chronic heart failure. Safety and 
efficacy were further confirmed in a mouse model of subacute myocardial infarction and the 
application of pluripotent stem cell-derived Engineered Mouse Myocardium (EMM) allografts 
(Study 3). Studies 2 and 3 employed MRI and echocardiography to document efficacy of ERM 
and EMM allograft-based heart repair by detection of an enhancement of thickness and 
contractility of the target heart wall, in line with the proposed mode of action. Studies 4-7 
established and validated GMP-compatible EHM as well as EHM xenograft retention upon 
implantation in immunocompromised nude rats. Long term engraftment for more than 6 months 
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without unwanted effects was demonstrated in study 4. In contrast to rodent allografts 
(Zimmermann et al., 2006), reliable evidence for electromechanical integration of human 
xenografts could not be obtained, which is in-line with data from other groups using guinea pig 
(Weinberger et al., 2016) or rat (Gerbin et al., 2015). In the rat xenograft study (study 4), enhanced 
left ventricular ejection fraction (+5%) was observed to be independent of the implantation of 
contractile or non-contractile EHM. These findings confirmed earlier findings (studies 2 and 3) in 
that mechanical stabilization of the ventricular wall or indirect (paracrine) effects of the epicardial 
patch on the underlying myocardial milieu may be of therapeutic value, which was however inferior 
to the therapeutic effects observed in rodent models of heart failure and contractile ERM as well 
as EMM allograft implantation (studies 2 and 3). In a pivotal Rhesus macaque allograft study 
(study 8; Jebran et al. 2024 [in press]), Engineered Non-Human Primate Myocardium (ENHPM) 
allografts thickened the target heart wall by ~1 and ~5 mm in a dose dependent manner (1x [n=7] 
and 5x [n=7] ENHPM assemblies, respectively). The augmentation of the target heart wall was 
sustained for the whole study duration (up to 6 months) with no evidence for arrhythmia, tumor 
formation, perturbation of heart performance, and immune suppression related side effects. In an 
extension of the pivotal Rhesus macaque study (study 9; Jebran et al. 2024 [in press]), ENHPM 
were implanted in Rhesus macaques ~6 months after myocardial infarction by 
ischemia/reperfusion injury, inflicted by a period of 3 h percutaneous balloon occlusion of the mid-
left anterior descending artery (LAD). ENHPM (2x ENHPM, n=3 and 5x ENHPM, n=4) were 
sutured onto the epicardium to cover the visible infarct scar in a similar manner as anticipated for 
the BioVAT-HF study. Rhesus macaques with myocardial infarction and no EHM graft without 
(n=3) and with (n=4) immune suppression served as controls. Similar as in study 8 (ENHPM in 
healthy Rhesus macaques), a sustained augmentation of the target heart wall was observed for 
the whole study duration (6 months) with no evidence for arrhythmia, tumor formation, perturbation 
of heart performance, and immune suppression related side effects. One animal in the 5x ENHPM 
group died in the post-anaesthesia recovery phase due to low cardiac output syndrome, which 
was unrelated to the EHM implant. Whereas ENHPM target heart wall contractility was unaffected 
in control animals at ~5%, enhanced target heart wall thickening fraction to at least 20% (as a 
measure for synchronized contractility of the treated heart wall) was observed in 2 macaques 
treated with 2x ENHPM and in 2 macaques treated with 5x ENHPM. In 3 of the 4 animals with an 
ENHPM-enhanced target heart wall contractility, enhancement of left ventricular ejection fraction 
by ≥5% was observed suggesting a contribution of the ENHPM patch not only to local, but also to 
global heart function (Jebran et al. 2024 [in press]). Detailed post mortem histopathological 
analyses confirmed cardiomyocyte retention and vascularization of ENHPM grafts, which was 
dependend on immune suppression with tacrolimus and methylprednisolone.  

Based on these data and the average heart wall thickness of 6-10 mm in human (Kawel et al. 
2012), administration of 5x EHM as starting dose (minimal effective dose - MED) for target heart 
wall augmentation was anticipated for clinical administration in patients with heart failure in 
BioVAT-HF. Data from 13 patients treated in Part A of BioVAT-HF confirmed that the 
administration of 5-20x EHM is safe, with first signs for dose-dependent efficacy according to the 
proposed mode of action resulting (1) target heart wall augmentation (thickening), (2) enhanced 
global heart function (increase in ejection fraction), and (3) improvement of symptoms assessed 
by patient reported outcome measures (KCCQ-23 Overall Summery Score) at the according to 
the study protocol maximal feasible dose of 20x EHM (refer to IB for details).  
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1.2 Overview of investigational medicinal product(s) (IMP(s)) 

The designated IMP is Engineered Human Myocardium (EHM) for applications as Biological 
Ventricular Assist Tissue (BioVAT). EHM are constructed from induced pluripotent stem cell 
(iPSC)-derived cardiomyocytes and stromal cells mixed at a defined ratio and suspended in a 
bovine collagen type I hydrogel. The iPSCs are derived from a master cell bank (MCB) created by 
Lonza (USA) on behalf of the US National Institutes of Health (NIH). The iPSCs were prepared 
via a plasmid-based reprogramming technique using CD34+ cells from cord blood of an 
anonymous male donor. iPSCs from the MCB were imported via Repairon GmbH according to the 
requirements of the German Medicinal Products Act ("Arzneimittelgesetz") and the competent 
authority (Paul-Ehrlich-Institut - PEI). On behalf of Repairon GmbH, BioNTech GmbH was 
contracted to produce a working cell bank (WCB). MCB and WCB were created according to GMP 
as starting material for EHM production. EHM are produced individually under GMP-conditions at 
the University Medical Center Göttingen (UMG) under the auspices of the Institute of Transfusion 
Medicine. Manufacturing authorization according to the German Medicinal Products Act was 
granted by the local competent authority (LCA; Gewerbeaufsichtsamt Braunschweig) in 
September 2020. The BioVAT-HF clinical trial (NCT04396899) was approved in December 2020 
by the PEI and the competent ethics committee. The first patient was treated in March 2021. The 
dose finding part of the BioVAT-HF FIH study (Part A) was completed in December 2022 after 28 
days of uneventful follow-up after treatment of 8 patients. 5 additional patients were treated since 
then in a Part A extension (total number of patients treated in Part A is 13 as of November 2024). 
No dose limiting toxicities were observed regardless of the tested dose level.  Data from 13 
patients treated in Part A of BioVAT-HF confirmed that the administration of 5-20x EHM is safe, 
with first signs for dose-dependent efficacy according to the proposed mode of action resulting in 
(1) target heart wall augmentation (thickening), (2) enhanced global heart function (increase in 
ejection fraction), and (3) improvement of symptoms assessed by patient reported outcome 
measures (KCCQ-23 Overall Summery Score) at the according to the study protocol maximal 
feasible dose of 20x EHM (refer to IB for details). 

Five additional clinical trials, investigating the delivery of pluripotent stem cell-cardiac progenitors 
or cardiomyocytes to the heart of patients with heart failure are ongoing (registered at 
ClinicalTrials.gov):  

(1) the ESCORT trial (NCT02057900) tested the delivery of 5-10 million embryonic stem cell 
(ESC)-derived cardiac progenitor cells (identified by the expression of the SSEA1 surface marker) 
immobilized in a fibrin patch to the heart (n=6 patients). The study is completed and the data have 
been published (Menasche et al., 2018);  

(2) the HEAL-CHF trials (NCT03763136, NCT04982081, NCT05566600) are recruiting patients 
for intramyocardial injection of 100-400 million iPSC-derived cardiomyocytes in patients with heart 
failure since 2021 (total of 72 patients planned; clinical trial protocol published in Zhang et al. 
2022). 

(3) the CellSheet trial (NCT04696328) is recruiting patients for epicardial implantation of cell 
monolayers constructed from 100 million iPSC-derived cardiomyocytes in patients with heart 
failure since 2019 (total of 10 patients planned; data from 3 patients reported recently (Kawamura 
et al., 2023)).  

(4) the HECTOR trial (NCT05068674) is recruiting patients for intramyocardial injection of 50-300 
million embryonic stem cell-derived cardiomyocyte in patients with heart failure since 2022 (total 
of 18 patients planned; no data published).  
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(5) the LAPiS trial (NCT04945018) is recruiting patients for intramyocardial injection of spheres 
aggregated from induced pluripotent stem-derived cardiomyocyte in patients with heart failure 
(total of 10 patients planned; no data published). 

For further details on the IMP please refer to section 9.  

1.3 Trial purpose and rationale 

To counter the irreversible and progressive loss of cardiomyocytes and effectively remuscularize 
the failing heart, cardiomyocyte therapeutics are being developed (refer to section 1.1. and 1.2). 
Human cardiomyocytes can be derived from embryonic (ESC) and induced pluripotent (iPSC) 
stem cells using scalable processes with reproducible quality (Chen et al., 2015). The suggested 
clinical route of administration is either by direct intramyocardial injection (Chong et al., 2014; Liu 
et al., 2018a; Romagnuolo et al., 2019; Shiba et al., 2016; Zhao et al., 2018) or by epicardial 
implantation of tissue engineered heart muscle (Didie et al., 2013; Riegler et al., 2015; Tiburcy et 
al., 2017; Weinberger et al., 2016; Zimmermann et al., 2006). A prerequisite for therapeutically 
effective remuscularization of the human heart is cardiomyocyte survival and sustainable retention 
after implantation. Long term retention of intramyocardially injected cells, including 
cardiomyocytes, is negligible (<1%; (Nguyen et al., 2016)). Substantially more cardiomyocytes are 
retained after delivery via an epicardial patch approach ((Riegler et al., 2015); refer also to own 
data from additional rat and NHP model data in IMPD). Approximately 0.8-1 billion cardiomyocytes 
(i.e., 25% of the left ventricle) are lost in patients with advanced stage heart failure (Gepstein, 
2002). Replacing the lost cardiomyocytes and thereby restoring heart function is the primary goal 
of cardiomyocyte therapeutics.  

For the epicardial delivery, we propose a tissue engineered product, namely EHM, for epicardial 
application as BioVAT. The EHM-IMP is composed of defined mixtures of iPSC-derived 
cardiomyocytes and stromal cells seeded in a collagen type I hydrogel, cast into custom-made 
molds to obtain a desired geometry, and conditioned by exposure to mechanical load to simulate 
the hemodynamic loading conditions during a natural contraction-relaxation cycle of the heart 
(Tiburcy et al., 2017) (refer to IMPD for details).   

The proposed primary mode of action (MoA) is functional remuscularization of the targeted 
hypokinetic heart wall (Fujita and Zimmermann, 2017a), resulting in (1) enhanced target heart wall 
thickness and (2) enhanced target heart wall thickening fraction.  

The primary target patient population comprises subjects with advanced heart failure with a 
reduced ejection fraction (HFrEF; EF ≤ 35%) despite optimal medical therapy (OMT) and 
segmental hypo- or dyskinesia of the left (LV) or right (RV) ventricular free wall or a dilated heart 
chamber. This patient population is according to guideline recommendations protected from 
sudden cardiac death by for example implanted cardioverter/defibrillator (ICD) devices. Patients 
may be listed for heart transplantation, but are unlikely to receive a heart transplant due to for 
example age (>65 of age), blood group, and co-morbidities or other exclusion criteria. By targeting 
the hypokinetic heart wall or dilated heart chamber with contractile EHM, we aim at a functional 
remuscularization, which will, if successful, improve local and global heart function and patient 
outcome (mortality and quality of life).  

Preclinical allograft (Didie et al., 2013; Zimmermann et al., 2002; Zimmermann et al., 2006) and 
xenograft (Qin et al., 2016; Riegler et al., 2015; Tiburcy et al., 2017) studies in rodents as well as 
auto- and allograft studies in Rhesus macaque with and without heart failure (Jebran et al. 2024 
[in press])  have demonstrated the feasibility of EHM implantation onto the beating heart via a left-
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lateral mini-thoracotomy, using a similar route of administration as used for surgical Transapical 
Aortic Valve Implantation (TAVI), Minimally Invasive Direct Coronary Artery Bypass (MIDCAB) 
surgery, or surgical placement of epicardial pacemaker leads. This will expose the target patient 
population to a minimal surgical risk with no anticipated mortality (own experience and experience 
from others (Puglisi et al., 2004)). As of November 2024, 13 patients have been treated with no 
mortality related to the surgical procedure or the EHM-graft. 4 patients passed away due to (1) 
multiorgan failure, (2) COVID related cardiopulmonary exhaustion, (3) type-A dissection of the 
thoracic aorta, and (4) urothelial cancer. The conclusion from the completed dose finding study 
and ongoing study extension is that the administration of 5-20x EHM is safe, with first signs for 
dose-dependent efficacy according to the proposed mode of action resulting (1) target heart wall 
augmentation (thickening), (2) enhanced global heart function (increase in ejection fraction), and 
(3) improvement of symptoms assessed by patient reported outcome measures (KCCQ-23 Overall 
Summery Score) at the according to the study protocol maximal feasible dose of 20x EHM (refer 
to IB for details). Heart failure related kidney dysfunction has to be monitored carefully to counter 
worsening of kidney function under immune suppression with calcineurin inhibitors, such as 
Tacrolimus. Adaptation of the immune suppression protocol as common practice in heart 
transplantation in patients with worsening of kidney function is considered (Velleca et al. 2023). 
Immune suppression, preferably Tacrolimus and Methylprednisolone, is essential to ensure 
allograft retention (Jebran et al. 2024 [in press]).    

Surveillance of graft retention is by echocardiography, cardiac CT and/or cardiac MRI as well as 
biomarkers, including allograft-derived cell-free circulating DNA, which we aim to establish as an 
“online monitor” for graft retention/rejection (Beck et al., 2015). Patients are on the BioVAT-HF 
study protocol for 12 months with frequent clinical investigations (biomarkers, MRI or 
CT/echocardiography, quality of life assessments; refer to Visit schedule above). After the 12-
month study period, consenting patients enter into the VAT-registry until end-of-life. In line with 
our preclinical and first clinical data, we anticipate that remuscularization of the failing heart will be 
sustained and as such improve heart failure symptoms, quality of life, and ultimately mortality in 
patients with heart failure. The therapeutic effects of EHM implantation require EHM engraftment, 
self-organization and maturation of the cardiomyocyte grafts and are accordingly anticipated to 
set in 3-12 months after implantation. Continuous cardiomyocyte growth and maturation as well 
as related efficacy is anticipated beyond the 12 month study period. 

Whereas dose finding has established the first in human evidence for a safe and efficacious 
administration on the left ventricular free wall BioVAT-HF Part A, extension of BioVAT-HF Part B 
will focus on providing additional data for left ventricular heart wall augmentation by 20x EHM 
allografts as well for the first time also right ventricular (RV) augmentation in patients with 
compromised right ventricular function, a condition for which a clear unmet need exists. 20x EHM 
were considered an appropriate dose also for RV augmentation by the dose determining 
committee (DDC) which was further endorsed by the DSMB.  

1.4  Rational for choice of control interventions/comparators 

This is a first-in-patient study to obtain safety and efficacy data from patients with advanced heart 
failure. The lowest EHM dose was chosen as a minimally effective dose (MED) based on the 
observed effect in the pivotal preclinical non-human primate study (Jebran et al. 2024 [in press]; 
refer also to IMPD). Data from the BioVAT-HF trial will be compared to the data from patients 
included in the VAT-registry that were no yet treated. Given the intention to treat design of the 
BioVAT-HF first-in-patient trial it is not acceptable to include a placebo control intervention. 
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1.5  Rational for dose selection 

We have completed a dose finding study (BioVAT-HF Part A 5x-20x EHM; refer to Figure 1 below) 
with the identification of 20x EHM as the maximal feasible dose (MFD). 10x EHM increased the 
heart wall thickness by 1-2 mm (Jebran et al. 2024 [in press]). The MFD (1) increased the target 
heart wall by approximately 4 mm, (2) enhanced global heart function (left ventricular ejection 
fraction by echocardiography) by approximately 10%), and (3) improved symptoms assessed by 
KCCQ-23 OSS by approximately 25 points 12 months after implantation. Based on the experience 
from surgical administration of EHM on the left ventricle in BioVAT-HF Part A, we anticipate that 
20x EHM will also be suitable for the support of the right ventricle. The is proceeding has been 
suggested by the DDC and endorsed by the DSMB. The EHM dose will be recommended 
individually prior to implantation on the LV and RV and may be adjusted for example according to 
the patient body weight. 

In the BioVAT-HF study, EHM patches are sutured to cover hypokinetic myocardium with suture 
points in the surrounding healthy myocardium, similarly as performed in previous studies (Didie et 
al., 2013; Riegler et al., 2015; Tiburcy et al., 2017; Zimmermann et al., 2002) and further refined 
in the completed Rhesus macaque study and the completed dose finding study of BioVAT-HF 
(Jebran et al. 2024 [in press]; refer to IMPD for a detailed description of the implantation 
procedure). To prevent potential epicardial bleeding events, EHM implants are stabilized with a 
4.8x4.8 cm fibrinogen (5.5 mg cm2) and thrombin (2 I.U./cm2) coated equine collagen membrane 
(TachoSil®; BLA125351, EU/1/04/277/001-005; Takeda), which is fully resolved over time.  

EHM-patch assemblies will be prepared by an overlapping sandwich format strategy. The Figure 
below depicts an individual EHM patch as well as schematic examples for 5x EHM (low dose), 
10x EHM (mid dose) and 20x EHM (high dose) assemblies (Fig. 1): 

Figure 1 EHM dosing 

 
The BioVAT stacking strategy can be adapted according to individual clinical needs. Dose 
escalation in BioVAT-HF was according to recommendations by the dose determining committee 
(DDC). The 20x EHM dose for RV administration was suggested by the DDC and endorsed by the 
DSMB..  

Patients are under optimized guideline-directed heart failure therapy. Rejection of EHM allografts 
is prevented by clinically established (in OHT) immune suppression (Velleca et al., 2023), including 
calcineurin inhibition (Tacrolimus: 5-10 ng/ml) with or without mTOR (Everolimus) or proliferation 
signal inhibition (Mycophenolat mofetil [MMF]) in case of calcineurin inhibitor induced 
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nephrotoxicity and corticosteroids (methylprednisolone: 0.15 mg/kg bodyweight * day) starting 7±3 
days before EHM implantation. Adaptations of immune suppression may be acceptable according 
to clinical recommendations. Specific criteria are defined for stopping immunosuppression and 
thus initiating graft rejection, in case of immune suppression-related complications or lack of a 
defined treatment outcome. In the ESCORT trial (Menasche et al., 2018), with a weaning of 
immune suppression 1-2 months after cell implantation, and in our own studies in Rhesus 
macaque after withdrawal of immune suppression in a study subcohort (Jebran et al. 2024 [in 
press]; refer also to IMPD) no evidence for rejection related events were observed.  

1.6 Risk-benefit assessment 

Administration of immune suppression is started 7±3 days before EHM implantation. This allows 
for an individual dose adjustment of the calcineurin inhibitors to steady state levels at the day of 
EHM implantation (Visit 5) and the identification of potential side effects (e.g., liver damage 
[increase in ALT/AST], kidney damage [increase in creatinine]) prior to EHM implantation (Visit 5). 
Calcineurin inhibition will be continuously applied throughout the study and prescribed beyond the 
12 month study period if clinical follow-up suggests efficacy of EHM implantation without safety 
concerns. Corticoids (preferably methylprednisolone) will be maintained at low dose to avoid 
Cushing symptoms and weaned after 3-6 months in line with the proceeding in heart transplant 
patients. The treating physicians together with the study coordinating team will review the 
individual patient data obtained during the study and make a recommendation to either continue 
prescription of the immune suppression or to stop immune suppression. 

The surgical procedure related risk of EHM implantation via a minimal left lateral thoracotomy is 
best compared to the low risk associated with the surgical fixation of epicardial pacemaker leads 
(experience of the participating surgical teams and for example (Puglisi et al., 2004)). Typical 
surgical complications include bleeding, adhesions, and impaired wound healing.  

The immune suppression protocol and surgical procedure were simulated in a pivotal preclinical 
Rhesus macaque allo- and autograft study (Jebran et al. 2024). First clinical experience and the 
continuous risk-benefit assessments in BioVAT-HF agree with the preclinical experience. The 20x 
EHM MFD in BioVAT-HF resembles a 2x EHM graft in macaques considering heart weight (10-16 
g in Rhesus macaque [own data] vs 80-120 g in human [Yeon et al. 2014]) and 10x EHM graft in 
macaques considering target heart wall thickness (2-5 mm in Rhesus macaque [own data] vs 4-
10 mm in human [Kawel et al. 2021]). No critical unwanted effects (no deaths, no tumor, no 
arrhythmia, no perturbation of heart function, no immune suppression related complications) were 
observed to be related to the tested doses. For details refer to IMPD.  

Patients in BioVAT-HF Part A remained hospitalized for 2 weeks after EHM implantation to closely 
monitor potential side effects. Arrhythmia (ventricular tachycardia) represent the main 
complications in preclinical studies, testing iPSC-derived cardiomyocytes injections (Chong et al., 
2014; Liu et al., 2018b; Romagnuolo et al., 2019; Shiba et al., 2016). Conversely, graft related 
arrhythmia were never observed in preclinical studies of tissue engineered heart repair and also 
not in to date 13 patients treated in BioVAT-HF. This is most likely explained by the fundamental 
difference of IMP preparation and administration (Jebran et al. 2024 [in press]). 

Patients will remain under standard of care, which may include inotrope treatment, mechanical 
circulatory support, and OHT as clinically indicated.    

A DSMB, comprised of external independent experts with expertise in cell-based heart repair 
studies is charged with the oversight of the clinical trial: Prof. P. Menasche. Paris (Cardiothoracic 
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Surgeon), Prof. S. Janssens, Leuven (Cardiologist), Prof. S. Zohar, Paris (Statistician). The DSMB 
has regularly reviewed the data from BioVAT-HF Part A and recommended continuation with 
BioVAT-HF Part B, including left and right ventricular administration of EHM. The DSMB requested 
to review the 28 day post first-in-patient RV implantation data. In addition, the compiled data after 
5 RV administration of EHM will be presented to PEI for review.  

The DSMB may recommend that the sponsor suspends enrolment, amends the study or 
discontinues the study at any time. Clinical investigators will report all events to the principle 
investigator (PI). PI will report all events to the sponsor and the DSMB. DSMB will review events 
and recommend continuation, modification, or discontinuation of the study. Discontinuation will be 
by stopping the immune suppression and thus initiating graft rejection. Discontinuation will be 
according to pre-specified stopping criteria such as (1) immune suppression related complications 
(e.g., sepsis, kidney failure, liver failure), (2) lack of EHM patch retention (e.g., no evidence for 
enhanced thickness of the target hypokinetic heart segment or thinned heart wall due to heart 
chamber dilation, (3) graft related perturbations of heart function (e.g., sustained arrhythmia, 
decrease of EF, end-organ failure due to low-output syndrome), or (4) exaggerated disease 
progression (e.g., increased frequency in recurrent hospitalizations due to worsening of heart 
failure, need for sustained inotrope support). 

Preclinical studies have provided no palpable evidence for toxicity or tumorigenicity of EHM 
implantation (refer to IMPD). Potential risks associated with the nature of the IMP and companion 
treatment (immune suppression), include arrhythmia (as a result of faulty cardiomyocyte 
integration), tumor formation (as a result of pluripotent stem cell impurities), perturbation of heart 
function (as a result of mechanical compression or constriction of the heart), and immune 
suppression related side effects. 

Participation in the BioVAT-HF study has no negative effect on the patient's place on the 
transplantation list or heart transplantation (Jebran et al. 2024 [in press] with data from a BioVAT-
HF patients subjected to heart transplantation 3 months after 10x EHM implantation). 

During the course of the study echocardiography, cardiac CT and cardiac MRI will be used to 
examine the heart's target wall thickness and thickening fraction (local heart wall function 
supported by EHM implant) as well as global heart function parameters, such as ejection fraction. 
Echocardiography will be performed at all study visits. Because cardiac MRI was not feasible in 
most patients of BioVAT-HF Part A, Cardiac CT will be performed instead at baseline (Visit 2) and 
follow-up visits 8 and 10. In patients without devices, cardiac MRI will be considered instead of 
cardiac CT at baseline and follow-up visits 8, 9, and 10. Cardiac CT assessments are considered 
clinically acceptable against the background of the patient's age and the underlying disease with 
a 5-year mortality of 50%. The benefit is of particular importance both for assessing the effect of 
the EHM patch and for the patient as confirmation of successful target heart wall strengthening. 
The advantage of the EHM patch treatment is that the investigators can show the patient the 
evidence of the strengthening of the heart wall directly on the cardiac MRI or CT image. This is on 
the one hand an important motivation for the patients in the BioVAT-HF study and on the other 
hand pivotal information for the treating physician as conformation of the mode of action of the 
EHM grafts. 

For more information see also Appendix 19.4 "Overall risk and benefit assessment".  
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1.6.1 Information regarding COVID-19 pandemic 

The decision as to inclusion in the BioVAT-HF study is made exclusively by the treating 
investigators at the participating centers on the basis of the assessment of a therapeutic benefit 
through implantation of the EHM and the procedure related risks also in light of the COVID-19 
pandemic.  

Patients with severe heart failure are identified via the heart failure outpatient units of the 
participating clinics. Patients will be included after informed consent and scheduled for a baseline 
investigation (Visit 2). Data obtained at the baseline   (Visit 2) will be individually discussed in a 
dedicated case conference held before Visit 3 (start of immune suppression) together with the 
team of the participating cardiac surgeons, cardiologists, IMP manufacturer, radiologists, scientific 
coordinator, the LKP and the CI. In each case, the risks associated with the COVID-19 pandemic 
will be considered, before triggering the start of immunosuppression (Visit 3) and release of the 
IMP by the manufacturer (Institut of Transfusion Medicine) for clinical administration.  

Study subjects of the BioVAT-HF first-in-patient trial are despite optimal medical therapy in a 
clinically symptomatic and in stage III or IV according to the New York Heart Association (NYHA) 
or in Stage D according to Classification of the American Heart Association. These patients are 
considered insufficiently managed despite optimal medical therapy. In the BioVAT-HF study, a 
new therapeutic approach aiming at the remuscularization of the failing heart is being tested, a 
therapeutic mode of action which is currently not achievable by any alternative therapeutic 
approach and which addresses directly the need for additional contractile elements 
(cardiomyocytes) in the terminally failing heart. The one-year-mortality in the target patient 
population is 20% and thus there is a clear unmet need for therapy irrespective of the COVID-19 
pandemic. 

According to the EMA / PEI guidelines for the implementation of FIP studies with ATMPs, a 
minimally effective dose (MED) has to be chosen as a starting dose. According to preclinical 
studies in Rhesus macaque, considerable thickening of the target heart wall (by +5 mm), 
substantial remuscularization (histological evidence), and an improvement of local (target heart 
wall) and global (LV ejection fraction) heart function is anticipated at the proposed MED, i.e., a 5x 
EHM assembly.  

Due to the lack of alternatives for this group of patients and the anticipated low procedural risk, 
we see the need to start the BioVAT-HF study irrespective of the COVID-19 pandemic, but of 
course considering carefully the associated risks in each individual patient. Patients are informed 
individually about preventive measures to avoid COVID-19 infections. If a COVID-19 infection 
occurs in the course of the study, close clinical monitoring will be carried out and discontinuation 
of the immunosuppression accompanying the study will be considered.  

In case of a lock down with restrictions as to operative care at the involved clinics, EHM 
implantations will be postponed as medically justified.  

If an effective vaccine against COVID-19 becomes available, immunization will be offered to 
BioVAT-HF patients at any time point during the study. 

2 Objectives and endpoints 

Table 2 Objectives and related endpoints 
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 Objective Endpoint 

Safety (Part A + B) 
Part A of this study has been completed 

Primary Identification of a safe maximal 
dose (SMD) 
 

 Adverse events related to the 
procedure, including in 
particular arrhythmic events 
and worsening of disease 
progression within 28 days 
(Part A) and the whole study 
duration (Part B) 

Secondary Identification of a safe dose 
range. 
 
Identification of dose related 
toxicity/efficacy to inform an 
individual risk-benefit 
assessment. 
 
Gathering of evidence to 
support the application of a 
safe maximal dose (SMD) in 
RV applications of EHM. 

 Frequency of major adverse 
cardiac events (MACE; non-
fatal myocardial infarction, non-
fatal stroke, and cardiovascular 
death) 

 Frequency and severity of 
arrhythmic events 

 Incidence of immune rejection 
(DSA, CK/CK-MB, hs-cTnT, 
circulating cell-free allograft 
DNA)  

 Incidence of mechanical 
perturbation of ventricular 
function by EHM graft 

Efficacy (Part B) 
 

Primary Identification of the efficacious 
therapeutic utility of 
engineered human 
myocardium (EHM) in patients 
with heart failure with reduced 
ejection fraction (EF ≤ 35%). 

• Structural endpoint:  
Change of target heart wall 
thickness (TWTh in mm) 
Echo or cCT or cMRI  

• Functional endpoint: 
Change of LV/RV-ejection 
fraction (LV/RV-EF in %) 
Echo or cCT or cMRI 

• Patient reported outcome  
Change of KCCQ-23 OSS (Overall 
Summary Score)  

Secondary  To assess effects of EHM-
grafts on disease-specific 
events and symptoms 
 
Identification of an optimally 
effective dose range (Part A) 

Key secondary endpoint: 
Frequency of recurrent hospitalizations 
for heart failure 
 
Further secondary endpoints: 

 Time to mechanical circulatory 
assist device implantation. 

 Time to heart transplantation. 
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2.1 Evaluation of primary / secondary objectives and endpoints 

Safety (Part A + B) and efficacy (Part B) of EHM implantation will be key outcome measures. 
These will inform the strategy to advance EHM-based heart repair from early clinical testing 
towards a pivotal clinical trial, application under hospital exemption §4b AMG, and routine clinical 
application. The dose finding cohort (Part A) aimed at defining the Safe Maximal Dose (SMD). In 
Part A of BioVAT-HF, safety was confirmed for the as per clinical trial protocol tested dose range 
from 5x to 20x EHM. 20x EHM was determined as safe maximal dose (SMD) for administration to 
support a target heart wall. Testing in Part A was strictly on the left ventricular (LV) heart wall 
guided by experience of the clinical teams at the primary study sites in Göttingen and Lübeck, 
reviewed by the Dose Determining Committee (DDC) and the Data Safety Monitoring Board 
(DSMB). The DSMB endorsed continuation as Part B with 20x EHM administration on the left or 
right ventricle. In light of the a positive risk-benefit assessment, a substantial amendment to 
approve continuation of BioVAT-HF Part B is submitted to PEI and the primary Ethics Committee.  

Primary efficacy outcome measures will be determined primarily by echocardiography, supported 
by cardiac CT and cardiac MRI (heart wall thickness and left ventricular as well as assessment of 
of heart failure symptoms). Note that the adjustment of the primary efficacy endpoints is necessary 
because in BioVAT-HF Part A it became apparent that the target heart wall thickness and 
thickening fraction cannot be measured precisely by cardiac MRI, because of commonly observed 
device artifacts. As a consequence, we implemented cardiac CT imaging as an alternative to MRI, 
which can be applied to precisely measure heart wall thickness, but cannot be used similarly 
frequently as echocardiography. Accordingly, we will use echocardiography as the key measure 
at study visits 2 (Baseline), 4, 6, 7, 8, 9, 10 and cardiac CT as well as cardiac MRI (if possible as 
alternative to cardiac CT) as supportive measures at study visits 2 (Baseline), 8, 10 (cardiac CT 
which may be performed as PET/CT if possible) and 2 (Baseline), 8, 9, 10 (cardiac MRI). 
Longitudinal and multimodal assessments of cardiac function is important to gain precise 
information and confidence as to efficacy of EHM. In addition, KCCQ-23 OSS will be assessed for 
a precise documentation of patient symptoms. All measures have been applied in Part A and were 
found to be reliable in assessing structural, functional and symptomatic changes. Safety outcome 
measures (AE and SAE quality and quantity) is supported by ECG and if clinically indicated 
pulmonary artery pressure telemetry recordings (e.g., with a CardioMEMS device) and biomarkers 
(CK/CK-MB, hs-TnT2, NT-proBNP). As key secondary efficacy endpoint, recurrent heart failure 

 Functional status in patients as 
determined by cardiopulmonary 
stress testing (VO2max), six-
minute walk test (6MWT) - 
distance, and hand-grip 
strength measurements   

 Patient reported outcomes 
assessed by NYHA 
classification, quality of life 
score (EQ-5D-5L), and study 
adherence motivation (HADS, 
MoCA, medication adherence, 
B-IPQ, TEX-Q)  

 All-cause and cardiovascular 
mortality  
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hospitalization was chosen because it may best represent the trajectory of disease progression 
and quality of life in the proposed patient population. 

3 Clinical trial plan 

3.1 Trial design 

This is a combined, open-label, 2-stage, phase I/II safety and efficacy study investigating induced 
pluripotent stem cell-derived engineered human myocardium (EHM) as biological ventricular 
assist tissue (BioVAT) in patients with terminal heart failure. 53 patients will be recruited over 30 
months. The study consists of two consecutive parts (Fig. 2). Dose Finding has been completed 
with the identification of the SMD (Part A); treatment is continued in Part A and shall be converted 
into Part B upon approval by PEI and the CEC.  

Figure 2 Trial design 

 
Abbreviations: MED: Minimally effective dose; MFD: Maximal feasible dose; DSMB: Data Safety Monitoring Board; DDC: Dose 
Determining Committee; EHM: Engineered human myocardium; LV: Left ventricle, RV: Right ventricle, TAPSE: Tricuspid Annular 
Plane Systolic Excursion used as diagnostic measure of RV function. 
Solid lines represent treated patients (n=13 as of November 2024); striped lines represent patients to be treated according to the 
clinical trial protocol. 

Patient populations:  LV EF≤35% and previous heart failure hospitalization  
in case of RV administration in addition: TAPSE <16 mm (combined LV and RV failure)  
All patients are on optimal guideline-directed  therapy 
LV-implantation as standalone procedure  
RV-implantation on top of elective surgery on LV (e.g., VAD, CABG, valve repair/replacement) 

3.2 Treatment parts 

Patients in the BioVAT-HF trial receive induced pluripotent stem cell (iPSC)-derived EHM to 
support the failing heart by remuscularization. 

Within Part A a dose finding regimen to determine the Optimally Effective Dose Range and if 
possible the Safe Maximal Dose (SMD) of EHM will be applied (Fig. 2). A minimum of 8 and a 
maximum of 18 patients will be included with data from the first 4 patients treated with the identified 
MFD reaching the 28-day endpoint reported to the DSMB for the assessment as SMD and 
continuation into Part B of the BioVAT-HF trial. Safety and efficacy data obtained in patients with 
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the SMD in Part A will be included into the interim analysis of Part B of the BioVAT-HF trial. The 
interim analysis will be performed 3 months after 15 patients treated with the SMD have reached 
3 months follow-up. 5x EHM assemblies will be applied as starting dose. 5x EHM assemblies 
resulted in an augmentation of the target heart wall by ~5 mm in a pivotal macaque study and thus 
are considered a minimally effective dose (MED) in the BioVAT-HF study. Dose escalation may 
be recommended after review of the clinical data obtained during the first 4 weeks after treatment 
of the first two patients in each dosing cohort by the Dose Determining Committee (DDC). Multiples 
of 5x EHM assemblies, i.e. 5, 10, 15, 20x EHM assemblies are considered as dosing intervals 
(refer to IMPD and page 26 for details). A minimal number of 2 patients must be included in each 
dose escalation step. The earliest time point for inclusion of a second patient in each dose cohort 
is 4 weeks after treatment of the first patient in the respective dose cohort.  

At latest after 28-day follow-up (Visit 7) of the 4th patient treated with the MFD or determination of 
the Safe Maximal Doses (SMD) study Part A is completed; interim results will be evaluated by the 
DSMB. The DSMB will make a recommendation regarding the continuation of the BioVAT-HF 
study with the SMD as outlined (Fig. 2) for Part B. Afterwards, the interim results of Part A and the 
recommendations of the DSMB will be submitted to the competent authority (Paul-Ehrlich-Institut; 
PEI) and the competent ethics committee (CEC) in order to receive an approval for a substantial 
amendment by the PEI and positive vote of the CEC for study Part B. Only after this approval 
study Part B will be initiated. For study Part B further patients (n = 35) will be included to collect 
proof-of-concept data as to efficacy of EHM mediated assistance/augmentation of the LV or RV 
(Fig. 2). 

In Part B EHM treatment of the left ventricle (LV) will be extended with the SMD and compared to 
EHM treatment of the right ventricle (RV; Fig. 2). At least 5 patients will receive EHM-implantation 
on the LV or RV. RV treatment in part B addresses the unmet need for RV support in patients 
referred to a surgical intervention on the LV (i.e., CABG, LVAD, valve reconstruction) with 
concurrent RV failure. The 2nd patient in the RV study cohort will be included after 28 days follow-
up in the 1st patient and endorsement by the DSMB after review of the safety data. After completion 
of 3 month follow-up in the 5th RV patient, the DSMB will review all associated AEs and recommend 
continuation, dose adaptation or stopping of RV treatment. Recruitment for LV EHM administration 
will be unaffected by the RV treatment consideration and continuous after endorsement and 
approval of Part B by the DSMB, PEI and CEC as outlined above. 

3.3 Treatment duration 

According to experience from BioVAT-HF Part A implantation of 20x EHM-patches takes 
approximately 120 minutes. Immunosuppressive treatment is started 7±3 days prior to the 
scheduled EHM implantation and continued for 12 months unless unwanted effects require 
withdrawal of immune suppression. Immune suppression will be continued off-study if patients 
present evidence for efficacy (i.e., enhanced heart wall thickness, improved ejection fraction, 
improved symptoms) without safety concerns. The decision to prescribe immune suppression off-
study will be by the responsible clinical PI after individual data review and patient consent. Patients 
will be included in the VAT-registry off-study until death, heart transplantation or implantation of a 
mechanical assist device. Data from routine heart failure management will be recorded.   

3.4 Number of patients 

Up to 53 patients are planned to be enrolled in the trial (Part A: max. 18, Part B: 35). 
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3.5 Participating sites 

The 9 participating sites (8 in Germany / 1 in the Netherlands) are highly specialized centers for 
heart failure therapy: 

  

3.6 Recruitment rate 

The participating centers run active heart failure programs, including specific programs for OHT 
and/or LVAD implantation. Other physicians may refer patients to the study via consultation with 
the primary study center in Göttingen. The participating centers have agreed to recruit 3-12 
patients/year to the BioVAT-HF trial. 

3.7  Trial timetable 

Planned dates: 

Enrolment of first patient, first patient in (FPI) 1st quarter 2021 

Enrolment of last patient, last patient in (LPI) 4th quarter 2026 

End of trial for last patient, last patient last visit (LPLV) 4th quarter 2027 

Final statistical analysis 2nd quarter 2028 

Planned interim analysis 4th quarter 2025 
After 28 days follow-up 
inclusion of the 4th patient 
in part A (Safety) was 
completed.  
After 15 (LV) and 5 (LV) 
patients with the SMD 
have completed at least 3 
months follow-up in Part 
B. 

4 Trial population and selection criteria 

4.1 Target population  

Patients will only be allowed to enter the trial if they provide written informed consent to their 
participation (following full explanation of the trial) (see section 5.1). 

4.1.1 Health condition studied 

Patients with terminal heart failure will be enrolled into this trial; eligible patients must present with 
reduced left ventricular ejection fraction (EF ≤ 35%) and a history of hospitalization for heart failure 
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despite optimized guideline directed therapy. A hypo- or dyskinetic free heart wall or dilated heart 
chamber must be identified as target for EHM implantation. 

4.1.2 Gender distribution 

There will be no selection of patients according to gender. No evidence for differences in outcome 
are anticipated for male and female subjects. In agreement with other clinical trials in patients with 
endstage heart failure, we anticipate an overrepresentation of male subjects. 

4.2 Inclusion criteria 

Patients eligible for this trial must meet all of the following criteria:  

1. Symptomatic heart failure (NYHA II-IV) with reduced ejection fraction (HFrEF with LVEF 
≤35%) as assessed by echocardiography. 

2. Patients on guideline-directed medical therapy 
3. NT-proBNP >300 pg/mL for patients in sinus rhythm or >900 pg/mL if in atrial fibrillation  
4. History of previous heart failure hospitalization in the past 12 months 
5. At least one hypo- or dyskinetic segment or dilated heart chamber to demark the implant 

target area 
6. (A) Stable disease condition allowing for an elective left-lateral mini-thoracotomy (for LV 

applications) or (B) open-chest surgery (for RV applications) for a clinically indicated 
intervention on the LV (e.g., coronary bypass surgery, valve repair, mechanical circulatory 
support device implantation) with concomitant RV dysfunction, diagnosed using the 
Tricuspid Annular Plane Systolic Excursion (TAPSE) index <16 mm (Rudski et al. 2010).  

7. 18-80 years of age 
8. Willingness and ability to give written informed consent 
9. Female subjects of childbearing potential must agree to use acceptable method(s) of 

contraception for the full study duration. 

4.3 Exclusion criteria 

Patients eligible for this trial must not meet any of the following criteria: 

1. Contraindication to immunosuppressive drugs (e.g. known history of unresolved cancer, 
hepatitis B/C, HIV, HTLV1) 

2. Contraindication to TachoSil® (e.g. hypersensitivity to human fibrinogen, human thrombin, 
horse collagen, human albumin, Riboflavin, Natriumchloride, Natriumcitrate, L-Arginin-
Hydrochloride)  

3. Hypertrophic cardiomyopathy (HCM) 
4. Terminal kidney failure (stage 4; GFR <30 ml/min) at the time of enrolment 
5. Terminal liver failure (Child-Pugh stage C; score >10) at the time of enrolment 
6. History of disabling stroke 
7. Reduced life expectancy in the short term due to non-cardiac disease 
8. Any condition that excludes adherence to study protocol (in particular lack of adherence to 

prescribed medication) 
9. Simultaneous participation in another interventional trial 
10. Pregnant or breastfeeding females 
11. Known or suspected alcohol and/or drug abuse 
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5 Enrolment and patient registration 

5.1 Patient eligibility 

The investigator will inform the patient about the trial and ask the patient for his/her written consent 
prior to inclusion and scheduling of Visit 2. The patient has at least 24 h to familiarize her*himself 
with the patient information and provide his*her informed consent. The signed informed consent 
form can be returned to the investigator by mail, facsimile or email (the originally signed informed 
consent form can be returned to the investigator at a scheduled baseline Visit 2). Patients waiting 
for EHM implantation will be asked to enrol into the VAT-registry (under a separate informed 
consent) to obtain information as to disease progression.   

It is imperative that written consent is obtained prior to any trial-specific procedures as part of Visit 
2. After informed consent is provided, the investigator will record the details of the trial patients in 
the following trial-specific list: 

Subject identification log: A confidential log of the names of all trial patients with the identification 
code. Sponsor representatives, clinical research associates (CRAs), auditors and representatives 
of competent authorities (CA) will be allowed to inspect the list on request.  
 
Only if the patient has signed the informed consent and meets all of the inclusion criteria and none 
of the exclusion criteria at the baseline visit 2 the patient is eligible for the study. 
 
Furthermore, the investigator will ask the patient to provide biological samples for the DZHK-
Biobank project. A separate consent form will need to be signed for drawing biological samples 
for the DZHK-Biobank project. This consent process is independent from the BioVAT-HF study 
and patients can participate in the BioVAT-HF trial without consenting to the DZHK-Biobanking. 

5.2 Patient registration  

Patient registration will be done within the eCRF (secuTrial). After registration an individual Patient 
Identification number will be assigned to each patient 

6 Treatment plan and procedure  

6.1 Dosing regimen and IMP administration  

Patients in the BioVAT-HF trial are under immune suppression (typically the calcineurin inhibitor 
Tacrolimus combined for 3-6 months with a corticoid such as methylprednisolone) for the whole 
duration of the trial to prevent EHM allograft rejection. The immune suppressants will be provided 
to the patients by the treating study center. The immune suppression protocol may be adapted to 
clinical recommendations. After a dedicated case conference held by the participating cardiac 
surgeons, cardiologists, IMP manufacturer, radiologists, scientific coordinator, and the clinical PI 
for a review of the baseline Visit 2 data, the patient is informed to start immune suppression 7±3 
days (Visit 3) prior to the scheduled EHM implantation. The patient is asked to document the daily 
per os intake of immune suppression. Upon administration to the treating clinic (Visit 4) therapeutic 
drug monitoring is performed. The calcineurin-inhibitor dose will be adjusted prior EHM 
implantation to reach target blood concentrations. Dosing to reach target blood levels is according 
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to standard protocols in patients with heart transplantation, i.e., Tacrolimus (5-15 ng/ml) or 
Ciclosporine A (150-375 ng/ml) and Methylprednisolone (~0.15 mg/kg bodyweight * day; typically, 
5-10 mg/day). Trough levels for the administered calcineurin inhibitor will be assessed every 2-3 
days from the day of hospital administration until the release from the hospital after Visit 6 and at 
every Visit thereafter. Immune suppression dose may have to be adjusted individually during the 
course of the study.  

Adaptations of immune suppression, for example administration of other calcineurin inhibitors or 
other immune suppressants in clinical use in organ transplantation (e.g., Everolimus, MMF), may 
be acceptable if clinically indicated and recommended by the treating physician. 

EHM will be delivered individually from the manufacturing site (University Medical Center 
Göttingen) to the point-of-care and assembled at the point-of-care (refer to IMPD). EHM 
assemblies will be sutured to a TachoSil® membrane (refer to IMPD) and then sutured to the target 
heart wall via a left lateral thoracotomy. 

Table 3 Dosing schedule 

Study parts ATMP form and route 
of administration 

Dose Regimen 

Part A: Dose 
finding cohort 

Implantation of EHM 
assemblies to the LV 
composed of increasing 
EHM layers 

5x EHM 
10x EHM 
20x EHM 
 
 
Dosing 
intervals 
recommended 
by the DDC 
and endorsed 
by DSMB after 
safety data 
review 

8 patients: 
Patient I: 5x EHM 
Patient II: 5x EHM 
Patient III:10x EHM 
Patient IV:10x EHM 
Patient V: 20x EHM 
Patient VI: 20x EHM 
Patient VII: 20x EHM 
Patient VIII: 20x EHM 
 
Extension recommended by 
the DDC, endorsed by the 
DSMB and approved by the 
PEI and the CEC (to a 
maximum of 18 patients 
treated): 
Patients IX-XVIII: 20x EHM 
Extension may be used to 
investigate EHM production 
protocol changes (requires a 
substantial amendment of the 
protocol)  

Part B: 
Refinement 
/Expansion 
cohort 

Implantation of EHM 
patches to LV and RV  

Safe Maximal 
Dose (SMD) 
for LV as 
established in 
Part A 

Patients will be included in LV 
and RV cohorts according to 
eligibility for LV or RV 
augmentation. 
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Study parts ATMP form and route 
of administration 

Dose Regimen 

Dose for RV 
as suggested 
by DDC, 
endorsed by 
DSMB after 
interim data 
review and 
approved by 
PEI and CEC  

6.2 Dose modification and dose delay / or dose reduction 

Calcineurin-inhibitor dose will be adapted according to therapeutic drug monitoring data to achieve 
the target blood levels according to the proceeding in orthotopic heart transplantation (ISHLT 
Guidelines; Velleca et al. 2023) with a preference for a combined use of Calcineurin inhibitors (CNI 
- Tacrolimus) and mTOR inhibitors (Everolimus) with Methylprednisolone:  

Tacrolimus:  

8-10 ng/ml at the time of implantation maintained for 3-6 month (Baran et al. 2011) and then (1) 
continued at a reduced dose to maintain trough levels of 5-8 ng/ml (in case of no drug related side 
effects), (2) reduced to 3-8 ng/ml in combination with a mTOR-inhibitor (in case of drug related 
side effects) or (3) discontinued (CNI-free protocol; in case of intolerable CNI-related side effects). 

Everolimus:  

mTOR-inhibitors, preferably Everolimus, in combination with CNI are adjusted to trough 
concentrations of 3-8 ng/mL. In case of CNI-free protocol Everolimus maintenance trough levels 
of 6-10 ng/ml are targeted. Prescription of mTOR-inhibitors only after completion of wound healing, 
i.e., typically 1 months after EHM implantation.  

Mycophenolat mofetil  

Proliferation signal inhibitors (PSIs), preferably mycophenolat mofetil (MMF), may be added 
according to ISHLT-guidelines (Velleca et al. 2023) and the reported proceeding in the TICTAC 
trial for 2 weeks post operatively (NCT00299221; Baran et al. 2011) at the discretion of the treating 
physician. 

Methylprednisolone:  

Methylprednisolone will be administered at a maintenance dose (0.15 mg/kg bodyweight * day, 
i.e., typically 5-10 mg/day) until weaning 3-6 months after EHM implantation. 

Immune suppression may be further adapted according to clinical routine proceedings in case of 
evidence for immune suppression related toxicity (liver, kidney) or rejection.  

Withdrawal of immune suppression may be recommended in case of intolerable unwanted effects.  

Immune suppression dose reduction or withdrawal or change in prescription must be recorded on 
the appropriate eCRF page. Patients are requested to document their daily immune suppression 
intake and return unused immune suppressants to the study center at the UMG. 

Immune suppression will be regularly prescribed off-study in case of a perceived benefit of EHM 
implantation and patient consent.  
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6.2.1 Concomitant treatment/medication 

6.2.2 Permitted prior/concomitant treatment/medication 

Treatment with transfusions (red blood cells and platelets) and supportive care are permitted after 
the initiation of study treatment. 

The patient must notify the investigational site of any new medication he/she starts taking after the 
start of the trial medication. All medications (other than IMP) and significant non-drug therapies 
(including physical therapy and blood transfusions) administered after the patient starts treatment 
with IMP must be listed in the eCRF. 

6.2.3 Guidelines for rescue medications and/or non-drug therapies or supportive 
care 

Patients should receive treatment/medication appropriate to their clinical condition in an 
emergency.  

Withdrawal of immune suppression may be recommended by the investigator to initiate rejection 
of EHM implants in case of intolerable side effects (for details see section 6.2).  

EHM implants may be surgically removed if required as an emergency measure.   

6.2.4 Permitted concomitant therapy requiring caution and/or action 

Calcineurin inhibitors (tacrolimus and cyclosporine) are substrates of CYP3A4. Pharmacokinetic 
interactions with other CYP3A4 substrates, inhibitors and activators (such as for example HMG-
CoA reductase inhibitors or St. John’s wort) must be considered according to standard clinical 
practice.  

6.2.5 Prohibited concomitant therapy 

CYP3A4 accelerating drugs (e.g., St. John’s Worth) must not be administered. Patients must be 
informed about the potential need for dose modification if CYP3A4 inhibitors (e.g., macrolide 
antibiotics, HMG-CoA reductase inhibitors) are concurrently administered. Control of trough levels 
of calcineurin inhibitors must be performed according to routine practice and dosing adjusted 
accordingly.   

6.3 Unblinding of treatment assignment 

Not applicable, trial is unblinded. 

6.4 Treatment and Follow-up after end of the trial 

Upon completion of the BioVAT-HF trial with 12 months follow-up, study subjects will be included 
in the VAT-registry off-study until death, mechanic assist device implantation or heart 
transplantation. Immune suppressive therapy will be continued according to the ISHLT-guidelines 
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(adopted by the “Deutsche Gesellschaft für Thorax-, Herz- und Gefäßchirurgie” – DGTHG) in 
patients with heart transplantation to prevent rejection of EHM.   

7 Visit schedule and assessments 

7.1 Flow and visit schedule 

A detailed Flowchart is provided in Table 1 Visit schedule and assessments – Flowchart 

The schedule of assessment lists all of the assessments and indicates with an “x” when they have 
to be performed. All data obtained from these assessments must be available in the patient’s 
source documentation. 

7.2 Visit and assessment windows 

During the course of the trial, visits and test procedures should occur on schedule whenever 
possible; visits that occur within a certain timeframe from the scheduled date will not constitute a 
protocol deviation. These timeframes are defined in Table 1 and the following descriptions. 

7.3 Baseline 1 (Visit 1, min. 24 h before Baseline 2) 

The investigator is obliged to give the patient thorough information about the trial and the trial 
related assessments, and the patient should be given ample time to consider his or her 
participation. The investigator must not start any trial-specific procedure before Informed Consent 
Form (ICF) is signed and dated by both the patient (and impartial witness, if applicable) and the 
investigator. The investigator must keep the original signed ICF (a signed copy is given to the 
patient), (see section 15.3). This visit is performed at least 24 h before Baseline 2 (Visit 2).   

7.4 Baseline 2 (Visit 2, Month -3 to week -2) 

Patients considered eligible by the investigator will be included and registered to the trial (see 
section 5.2). 

The data that will be collected at baseline include the following (please refer to section 7.9 for a 
precise definition of assessments): 

- Inclusion / Exclusion criteria 
- Psychosocial analysis to assess medication adherence 
- Medical history 
- DZHK basic data set 
- Concomitant heart failure medications 

 
Laboratory assessments: 
CBC with differentials and platelet count 

- CRP, Procalcitonine, IL6 
- Liver panel 
- Albumin 
- Serum Creatinine, BUN, cystatin C 



BioVAT-HF, Clinical Trial Protocol V 7.0, 20.11.2024 
EU CT-No.: 2024-515708-38-01 

Confidential  Page 49 of 128 

- PTT or PT/INR as applicable 
- Plasma free haemoglobin; Iron 
- hs-TnT, CK, CK-MB (at the discretion of the clinical PI also if CK is not elevated) 
- NT-proBNP 
- HBsAg, Anti-HCV, Anti-HIV Anti-HTLV-1 
- Pregnancy Test (for females of childbearing potential) 
- Blood draw for allograft DNA assessment 
- HLA/KIR-Typing 
- Donor Specific Antibodies 

 
Further assessments / Scores: 

- 12-lead ECG 
- Echocardiography (preferably transthoracic echocardiography; in case of poor image 

quality with contrast agent) 
- Cardiac-CT or cardiac-MRI (MRI instead of CT if high data quality can be anticipated) 
- Cardiopulmonary exercise testing 
- Hand grip strength 
- 6 minute walking test 
- EuroSCORE II 
- INTERMACS 

 
Questionnaires (patient reported outcome): quality of life 

- KCCQ-12 
- EQ-5D-5L 

 
Questionnaires (patient reported outcome): study adherence motivation 

- HADS 
- MoCA 
- Medication adherence 
- IPQ-B 
- TEX-Q 

 
Treatment / therapy: 

- ICD/CRTD-event recorder readout (if implanted) 
- DZHK-Biobanking Data Set (not mandatory, only if separate Consent available) 

 
Results will be reviewed during dedicated case conference and patient cleared for implantation 
before the start of immune suppression (Visit 3). The EHM Production Unit (Qualified Person) will 
be informed at latest 8 days before the scheduled implantation to initiate the release process. 

7.5 Start of Immunosuppression (Visit 3, Day -10 to -4) 

Immunosuppression (calcineurin inhibitor combined with a corticoid) will be started 7±3 days prior 
to the scheduled EHM implantation. Dosing of the calcineurin inhibitor and corticoid will be daily 
per os according to standard protocols in patients with heart transplantation, i.e., Tacrolimus (5-
15 ng/ml) or Ciclosporine A (150-375 ng/ml) and Methylprednisolone (0.15 mg/kg bodyweight * 
day, i.e., typically 5-10 mg/d). 

Further data to be collected beginning from the first admission of immunosuppression: 
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- Adverse events  

- TDM Calcineurin Inhibitors  

7.6 Hospital administration (Visit 4; Day -6 to -1) 

Patient will be hospitalized at the clinical PI’s discretion at latest on the day before EHM 
implantation.  

- Reduced DZHK basic data set according to chapter 7.9.3 
- Concomitant heart failure medications 
- Adverse events 

 
Laboratory assessments: 

- CBC with differentials and platelet count 
- CRP, Procalcitonine, IL6 
- Liver panel 
- Albumin 
- Serum Creatinine, BUN, cystatin C 
- PTT or PT/INR as applicable 
- Plasma free haemoglobin; Iron 
- hs-TnT, CK, CK-MB (at the discretion of the clinical PI also if CK is not elevated) 
- NT-proBNP 

 
Further assessments / Scores: 

- 12-lead ECG 
- Echocardiography (preferably transthoracic echocardiography; in case of poor image 

quality with contrast agent) 
 
Treatment / therapy: 

- ICD/CRTD-event recorder readout 
- TDM Calcineurin Inhibitors (see chapter 7.5) – level assessment and dose adjustment as 

needed 
 
Anaesthesia protocol planning and preparation and, if necessary, chest x-rays (posterior-anterior 
and lateral projections) to exclude an acute, new-onset pneumonia. The standard mean radiation 
exposure for this X-ray examination is 0,1 mSv. 

7.7 Implantation (Visit 5; Day 0) 

On this day, EHM patch implantation will be performed and AEs will be documented. 

7.8 Follow up 

Following implantation of EHM as BioVAT (Visit 5), in-hospital monitoring will be according to SOP 
in heart transplant patients. The patient will be release from hospital at the discretion of the clinical 
PI. After release from the hospital, patients are scheduled for follow-up visits 1, 3, 6 and 12 months 
after BioVAT implantation. For details see sections below. 
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7.8.1 Assessments at Visit 6 (1-2 days prior to the release from hospital) 

- Reduced DZHK basic data set according to chapter 7.9.3 
- Concomitant heart failure medications 
- Adverse events 

 
Laboratory assessments: 

- CBC with differentials and platelet count 
- CRP, Procalcitonine, IL6 
- Liver panel 
- Albumin 
- Serum Creatinine, BUN, cystatin C 
- PTT or PT/INR as applicable 
- Plasma free haemoglobin; Iron 
- hs-TnT, CK, CK-MB (at the discretion of the clinical PI also if CK is not elevated) 
- NT-proBNP 
- Blood draw for allograft DNA assessment 

 
Further assessments / Scores:  

- 12-lead ECG 
- Echocardiography (preferably transthoracic echocardiography; in case of poor image 

quality with contrast agent) 
 
Treatment / therapy: 

- ICD/CRTD-event recorder readout 
- TDM Calcineurin Inhibitors (see chapter 7.5) - level assessment and dose adjustment as 

needed 

7.8.2 Assessments at Visit 7 (Month 1 ± 7 days), Visit 8 (Month 3 ± 7 days), and Visit 
9 (Month 6 ± 7 days), and Visit 10 (Month 12 ± 7 days) 

- Reduced DZHK basic data set according to chapter 7.9.3 
- Concomitant heart failure medications 
- Adverse events 

 
Laboratory assessments: 

- CBC with differentials and platelet count 
- CRP, Procalcitonine, IL6 
- Liver panel 
- Albumin 
- Serum Creatinine, BUN, cystatin C 
- PTT or PT/INR as applicable 
- Plasma free haemoglobin; Iron 
- hs-TnT, CK, CK-MB (at the discretion of the clinical PI also if CK is not elevated) 
- NT-proBNP 
- Blood draw for allograft DNA assessment 
- Donor Specific Antibodies 
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Further assessments / Scores: 
- 12-lead ECG 
- Echocardiography (preferably transthoracic echocardiography; in case of poor image 

quality with contrast agent) 
- Cardiac-CT (Visits 8 and 10) or cardiac-MRI (Visits 8, 9 and 10; MRI instead of CT if high 

data quality can be anticipated) 
- Cardiopulmonary exercise testing (visits 8,9,10) 
- Hand grip strength (visits 8,9,10) 
- 6-minute walk test (6MWT; visits 8,9,10)  
- INTERMACS (at visit 10) 

 
Questionnaires (patient reported outcome): quality of life at 3 and 12 months follow-up 

- KCCQ-12 (visits 8 and 10) 
- EQ-5D-5L (visits 8 and 10) 

 
Questionnaires (patient reported outcome): study adherence motivation at 3 and 12 months follow-
up 

- HADS (visits 8 and 10) 
- MoCA (visits 8 and 10) 
- Medication adherence (visits 8 and 10) 

 
Treatment / therapy: 

- ICD/CRTD-event recorder readout 
- TDM Calcineurin Inhibitors (see chapter 7.5) - level assessment and dose adjustment as 

needed 

7.9 Assessments and specifications 

7.9.1 Psychosocial analysis to assess medication adherence 

Psychosocial analysis according to standard procedures in patients with heart transplantation or 
ventricular assist device implantation to assess medication adherence and support patient 
inclusion by excluding the risk of a lack of adherence to prescribed medication, in particular to the 
in the BioVAT-HF study prescribed immune suppression to prevent rejection of EHM implants. 

7.9.2 Medical history 

Terminal heart failure patients with a documented history of LVEF ≤35% and a history of previous 
hospitalization for heart failure (HFH) despite optimized guideline-directed therapy are eligible to 
enrol in the BioVAT-HF trial. LVEF will be re-evaluated by echocardiography (ECHO; refer to 
description in 7.8.7) to confirm LVEF ≤35% at the baseline visit (Visit 2). Cardiac computerised 
tomography (cCT; refer to description in 7.9.11) or as an alternative by cardiac magnetic 
resonance imaging (cMRI; refer to description in 7.9.9) will be performed to in detail investigate 
heart structure and function at the baseline visit (Visit 2). Medical history is gathered according to 
DZHK-SOPs:  
 
DZHK-SOP-K-01 „Basisdatensatz Anamnese/Klinische Diagnosen/Körperliche Untersuchung”  



BioVAT-HF, Clinical Trial Protocol V 7.0, 20.11.2024 
EU CT-No.: 2024-515708-38-01 

Confidential  Page 53 of 128 

DZHK-SOP-K-02 „Anamnese/Klinische Diagnosen“  
 
Data will be reported according to the eCRF modules in DZHK-SOP-K-01 and DZHK-SOP-K-02. 

7.9.3 DZHK basic data set 

For the DZHK basic data set data collection is performed according to DZHK-SOP_K_01 
“Basisdatensatz – Anamnese/Klinische Diagnosen/Körperliche Untersuchung”. For baseline visit 
all mentioned examinations have to be performed. For all other visits a reduced data set will be 
collected. Items not necessary are marked in the distributed DZHK-SOP_K_01 “Basisdatensatz 
– Anamnese/Klinische Diagnosen/Körperliche Untersuchung”. 

7.9.4 Concomitant heart failure medications 

Patients will be under optimal medical therapy, according to the most recent guidelines ESC 
guidelines (i.e., at present the 2023 updated ESC Guidelines).  

7.9.5 Pregnancy Test (for females of childbearing potential) 

Recommendation by the Clinical Trial facilitation Group as to contraception and pregnancy testing 
will be followed (www.hma.eu/fileadmin/dateien/Human_Medicines/01-
About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf).  

Women of childbearing potential will be subjected to urinary pregnancy testing at baseline (visit 
2) to confirm eligibility in the trial (see Table 1). During the study period women of childbearing 
potential must adhere to appropriate contraceptive measures (i.e. low failure rate less than 1% 
per year; e.g. oral contraceptives, intra-uterine device [IUD] or transdermal contraceptive patch).  

The trial treatment cannot be withdrawn after administration. The concomitant immune 
suppression can be terminated, which will result in IMP rejection.  

In case of pregnancy, the pregnancy will be followed up by the sponsor to determine outcome, 
including spontaneous or voluntary termination, details of birth, and the presence/absence of any 
birth defects, congenital abnormalities or maternal and newborn complications. 

7.9.6 Laboratory assessments 

Collection of blood and urine will be according to DZHK-SOP-B01 for obtaining:  

(A) a DZHK Basic Set  

(B) a DZHK Study Set 

From the DZHK Study Set following blood tests and urine analysis will be performed: 

 

Blood tests: 

- CBC with differentials and platelet count 
- CRP, Procalcitonine, IL6 
- Liver panel 

http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
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- Albumin 
- Serum Creatinine, BUN, cystatin C 
- PTT or PT/INR as applicable 
- Plasma free haemoglobin; Iron 
- hs-TnT, CK, CK-MB (at the discretion of the clinical PI also if CK is not elevated) 
- NT-proBNP 
- Blood draw for allograft DNA assessment 
- HLA/KIR typing 
- Donor specific antibodies (DSA) 

 

Urine analysis: 

Pregnancy test 

Blood and urinalysis from the DZHK Study Set will be performed by the accredited central 
laboratories of the participating study sites.  

Details on all laboratory procedures, collections, shipment of samples and reporting of results, 
alerting of extreme values and notable values to the principle investigator will be provided to 
investigators in the laboratory manual (see appendix 19.3). The central laboratories of the study 
sites will provide the sponsor with a copy of the laboratory certification and tabulation of reference 
ranges for the individually measured parameters. 

Details on collection and handling of laboratory samples are provided in the laboratory 
manual/instruction. 

7.9.7 ECG 

A resting 12-lead surface electrocardiogram (ECG) will be performed at all visits according to 
DZHK-SOP-K-03. Each ECG tracing will be kept in the source documents at the investigational 
site. Data will be reported according to the eCRF module in DZHK-SOP-K03. 

7.9.8 Echocardiography 

Transthoracic echocardiography will be performed according to DZHK-SOP-K-08. The source 
data will be documented at the investigational site. Data will be reported according to the eCRF 
module in DZHK-SOP-K08.   

7.9.9 Cardiac-CT  

Cardiac-CT will be performed at the baseline (Visit 2) and follow-up visits (Visits 8 and 10) 
according to standard procedures to obtain data on systolic and diastolic heart wall and EHM 
implant thickness as well as chamber dimensions and thereby assess local as well as global heart 
contractility. The source data will be documented at the investigational site. Similar data as 
obtainable by MRI (DZHK-SOP-K06) will be reported in an accordingly modified eCRF module. 
The standard mean radiation exposure for each CT is 15 mSv. For all three CTs the exposure is 
45 mSV. 
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Patients can still participate, although they selectively decline CT-examinations. In these cases 
the ejection fraction will be estimated by via echocardiography and cardiac MRI if possible. The 
primary endpoint (Identification of safe maximal dose) does not depend on heart imaging. 

If manifest hyperthyroidism or an allergy to contrast media is found in the course of the study, 
these patients will be excluded from the CT examination, but will remain in the study. 

7.9.10 Chest x-rays 

Chest x-rays will be performed at the day of hospital administration (Visit 4) and within 2 h after 
EHM implantation (Visit 5) as well as 2 h after removal of the chest drainage according to standard 
procedures. The Visit 4 chest x-rays (posterior-anterior and lateral projections) will be performed 
optionally if requested by a study physician to exclude acute onset pneumonia. The chest x-rays 
(anterior-posterior or posterior-anterior projections) after EHM-implantation and chest drainage 
removal will be performed to detect potential bleeding or pneumothorax complications. The image 
data will be documented at the investigational site.  

7.9.11 Cardiac-MRI 

Cardiac MRI will be performed instead of MRI, if feasible and diagnostically valuable images can 
be anticipated, at the baseline (Visit 2) and follow-up visits (Visits 8,9,10) according to DZHK-SOP-
K-06. Patients with devices may not be eligible to MRI investigations or cannot be diagnostically 
evaluated because of artifacts. The source data will be documented at the investigational site. 
Data will be reported according to the eCRF module in DZHK-SOP-K06. 

 

7.9.12 Cardiopulmonary exercise testing 

Spiroergometry will be performed at the baseline (Visit 2) and follow-up visits (Visits 8-10) 
according to DZHK-SOP-K-07 if possible, i.e., if patients can be subjected to the spiroergometry. 
The source data will be documented at the investigational site. Data will be reported according to 
the eCRF module in DZHK-SOP-K07. VO2 max will be reported as secondary endpoint. 

7.9.13 EuroSCORE II 

The surgical risk will be estimated at the baseline visit (Visit 2) using the EuroSCORE II risk 
calculator and/or logistic EuroScore I if implemented as a standard at the participating study sites 
(http://euroscore.org/calc.html). 

7.9.14 INTERMACS 

Patients will be stratified according to the Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) profiles  (Alba et al. 2009; Schulze et al. 2022) at baseline 
(Visit 2) and at follow-up visit 10 (12-month endpoint of the study).  

http://euroscore.org/calc.html
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7.9.15 Hand grip strength 

Hand grip strength is measured with a hand dynamometer. Maximum hand grip strength correlates 
well with total muscle mass. Loss in muscle mass or cachexia are associated with poor prognosis. 
Hand grip strength measurements will be done according to a SOP by the Nutritional Assessment 
Platform.    

7.9.16 6 minute walk test (6MWT) 

The 6MWT will be performed at the baseline (Visit 2) and follow-up visits (Visits 8,9,10) according 
to DZHK-SOP-K-04 if possible, i.e., if patients can be subjected to the 6MWT. The source data 
will be documented at the investigational site. Data will be reported according to the eCRF module 
in DZHK-SOP-K04.  

7.9.17 Assessment of quality of life and study adherence motivation 

The Quality of life of the patients will be evaluated using the following Quality of Life 
Questionnaire: 

KCCQ-23 (Kansas City Cardiomyopathy Questionnaire) 
The HF-specific KCCQ is a 23-item self-administered questionnaire that quantifies multiple domains 
such physical limitations, symptom frequency, QoL, and social limitations. These domains can be 
combined into a Clinical Summary (KCCQ-CS) score including the physical limitation and total symptom 
score to mirror the NYHA functional class from the patient’s perspective, and into an overall summary 
(KCCQ-OS) score that combines the total symptom, physical and social limitation, and health-related 
QoL to provide an overall summary of the patients’ health status. Scores for each domain range from 
0-100 (0=the worst health status; 100=the best health status). The KCCQ-23 has been validated in 
stable and acute heart failure recovery patients (Spertus and Jones 2015) and full KCCQ has been 
validated in German heart failure patients (Faller et al. 2005). In the HF population, the KCCQ is 
independently associated with mortality, hospitalizations, and costs (Chan et al., 2009; Pokharel et al., 
2017).  

 
EQ-5D-5L  
The EuroQoL five-dimensional (EQ-5D) questionnaire is an instrument for measuring quality 
of life and determining Quality Adjusted Life Years in health economic studies. It has been 
validated previously (Hurst et al. 1997) and also found valid in CAD patients (Ellis et al. 2005) 
and in German depressed patients (König et al. 2005). The EQ-5D-5L covers five dimensions 
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, each rated on a 
5-point scale and has been used as a valid instrument with acceptable sensitivity to change 
that can also be used to evaluate cost-effectiveness. 

The study adherence motivation will be evaluated using the following questionnaires: 

Medication adherence 
Pharmacological treatment is one of the main interventions for improving outcomes in heart 
failure (Forsyth et al. 2015), but its effectiveness is limited by the patients’ ability and 
willingness to take their medications regularly. Medication adherence is a result of multiple 
factors such as cognitive abilities, intentions, social circumstances, behaviors, or interactions 
with health care providers (WHO, 2003). The range of non-adherence to pharmacological 
therapy in heart failure was reported from 2% to 90% (Wu et al. 2008). This variation is caused 
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by differences in methodological approach, such as the definitions and measures of non‐
adherence, and patient selection criteria within each individual study. There is no ‘gold 
standard’ measure for medication adherence. The patient’s adherence to medication - 
regarding the handling of all previously prescribed medicines – will be assessed using a three-
item self-report scale. Patients are asked to check the frequency of their general past and 
present behaviors concerning medication intake described on a three-point Likert scale. 
 
HADS (Hospital Anxiety and Depression Scale) 
The HADS (Zigmond and Snaith, 1983) is well validated and has been used extensively to 
assess symptoms of depression and anxiety in patients with various medical conditions, 
including heart failure. It is used in BioVAT-HF to cover the two most common psychological 
symptom areas found in medical patients and affecting both, treatment adherence and quality 
of life. It comprises 14 items (7 items each for anxiety and depression), with a score ranging 
between 0 and 21 for the anxiety and depression subscales. Scores between 8 and 10 indicate 
a moderate presence of symptoms, whereas a score greater than 11 indicates a significant 
number of symptoms that likely correspond with a clinical diagnosis. In a review of 747 studies 
in which HADS was used for various purposes, a mean Cronbach alpha of 0.82 for the 
"anxiety" subscale and 0.83 for the "depression" subscale was described (Bjelland et al. 2002; 
Petermann 2011; Smith et al. 2007).  

 
MoCA (Montreal Cognitive Assessment) 
The MoCa is a validated cognitive instrument that consists of 30 questions and is suitable for 
detecting mild cognitive impairment and early stages of dementia (sensitivity: 90%; specificity: 
87%) (Nasreddine et al., 2005). Cognitive abilities, such as short-term memory, visual-spatial 
skills, attention, concentration, working memory, language and orientation to place and time 
are examined. A maximum of 30 points can be achieved, with a total value of ≤ 26 points 
indicating cognitive impairment (Luis et al., 2009; Nasreddine et al., 2005; Smith et al., 2007). 
 
B-IPQ (Brief Illness Perception Questionnaire) 
The IPQ-B is a questionnaire with eight items that records the cognitive perception of illness, 
the emotional perception of illness and the understanding of illness (Broadbent et al., 2006). 
To score the B-IPQ questionnaire, each item is rated on a 0-10 scale, with higher scores 
indicating a more threatening perception of the illness. The total score is calculated by 
summing the scores of all eight items where items 3, 4, and 7 are inversed. The possible range 
of scores is 0-80. The B-IPQ is a reliable and valid tool for assessing cognitive and emotional 
representations of illness in various populations.  
 
TEX-Q (Treatment Expectation Questionnaire) 
The TEX-Q is a generic, multidimensional measure to assess patient expectations of medical 
and psychological treatments (Alberts et al., 2020; Shedden-Mora et al., 2023). The short 
version consists of 15 items and it aims to record patients' treatment expectations for upcoming 
heart surgery using a ten-point scale. The TEX-Q assesses expectations of treatment benefit, 
positive impact, adverse events, negative impact, process and behavioural control with a total 
of 15 items. Results for the subscales and the sum score indicated good internal consistency 
(α = 0.71-0.92), moderate to high test-retest reliability (r = 0.39-0.76). 
 
 

The KCCQ-23, EQ-5D-5L, HADS, MoCA, B-IPQ, TEX-Q and "Medication Adherence" questionnaires 
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will be performed during visit 2, 8 and 10. 
  

7.9.18 ICD/CRTD-event recorder readout 

ECG with potential arrhythmia events will be monitored by ICD or CRT-D devices with in-build 
event recorders. Data will be documented at visit 2, 4 and 6-10. 

7.10 Additional biological specimen collection 

7.10.1 Biological specimen collection for translational program 

Biological samples will only be collected during the course of the trial if the patient consents to the 
DZHK-Biobanking project. Collection of biological samples is not mandatory for participation in the 
BioVAT-HF-study.  

Detailed instructions on sample collection, processing, handling and shipment are provided in the 
DZHK-SOP-B-02 “Biomaterial Provessing Basic Set”. Following sample are included in this SOP: 

- Serum 
- EDTA-Plasma 
- Citrate-Plasma 
- Urine 
- Buffy Coat 

7.10.2 Blood samples collection for the assessment of circulating cell-free allograft 
DNA  

In order to analyse if the established technique to detect circulating cell-free DNA will also detect 
circulating cell-free DNA released from EHM allografts as a sign of EHM rejection, blood samples 
will be collected during the course of the trial if the patient consents. For assessment of circulating 
cell-free EHM-allograft DNA, blood samples will be sent after pseudomysation to the Chronix 
Biomedical GmbH in Göttingen (www.chronixbiomedical.de). At Chronix Biomedical GmbH the 
detection of unique DNA sequences of the EHM allograft will be attempted and the data returned 
to the Sponsor for further analysis. No analysis of patient DNA will be performed. The obtained 
results will not be used for further diagnostics and treatment of the patient. Detailed instructions 
on the sample collection, processing, handling and shipment are provided in Appendix 19.3. 

Collection of these blood samples is not mandatory for participation in the BioVAT-HF-study. 

8 Discontinuation criteria 

8.1 Premature termination of one of the treatment arms or the entire trial 

The sponsor/coordinating investigator is under obligation to monitor the progress of the clinical 
trial with regard to safety-relevant developments and, if necessary, initiate the premature 

https://sp.umg.eu/org/v1/ksm/SZ-UMG%20Studien/BioVAT/Freigegebene%20Dokumente/02_StudyDocs/01_CTP/www.chronixbiomedical.de
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termination of a treatment arm or the entire clinical trial. The sponsor/coordinating investigator will 
be supported in this responsibility by the DSMB, if necessary. 

A treatment arm or the entire clinical trial must be terminated prematurely if: 

- the benefit-to-risk ratio for the patients changes markedly, 
- the sponsor/coordinating investigator OR the DSMB considers that the termination of the 

trial is necessary, 
- indications arise that the trial patients' safety is no longer guaranteed,  
- the question(s) addressed in the trial can be clearly answered on the basis of an interim 

analysis, 
- the questions(s) addressed in the trial can be clearly answered on the basis of results of 

another trial on the same subjects, 
- an insufficient recruitment rate makes a successful conclusion of the clinical trial 

unrealisable/no longer feasible. 

If the clinical trial is prematurely terminated or suspended for any reason, the investigator should 
promptly inform the trial patients and ensure appropriate therapy and follow-up for the patients. 
Where required by the applicable regulatory requirements, the CA(s) and the IEC(s) will also be 
informed (this is usually done by the sponsor). 

8.2 Premature termination of the trial at one of the trial sites  

Both the investigator and the sponsor have the right to terminate the trial at one of the sites.  

The clinical trial can be terminated prematurely at his site by the investigator if, for instance 
unforeseeable circumstances have arisen at the trial site which preclude the continuation of the 
clinical trial, the investigator considers that the resources for continuation are no longer available, 
the investigator considers that the continuation of the trial is no longer ethically or medically 
justifiable. 

The sponsor/coordinating investigator can initiate the exclusion of a site from further participation 
if, for instance, patient recruitment is inadequate, serious problems arise with regard to the quality 
of the collected data which cannot be resolved. 

Premature termination at one of the trial sites does not automatically mean a termination of the 
trial for already enrolled trial patients. A separate decision on further treatment must be made for 
each patient, depending on the overall situation. Adequate further treatment and follow-up of 
already enrolled trial patients must be ensured. The documentation of already enrolled trial 
patients will be reviewed for completeness and plausibility. Queries may be raised for further 
clarification before the site is closed. These queries must be answered properly by the site. The 
CA(s) and IEC(s) must be duly notified of the site´s closure, including reasons, within the specified 
period. The trial site concerned will be closed in stages by the CRA when a decision has been 
made on the further treatment of the patients concerned. 

8.3 Discontinuation of trial treatment or trial participation for individual patients 

It has to be distinguished if trial treatment of a patient has been stopped prematurely (by 
withdrawal of immune suppression or surgical removal of the EHM implant) or if the trial 
participation of a patient was stopped prematurely.  
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In the case trial treatment of a patient has been stopped prematurely, further follow-up visits and 
the assessment of the trial endpoints are essential to enable an analysis of the full analysis set 
according to the intention-to-treat principle. Further visits, follow-up and documentation should 
always be striven for/ensured in this case. This includes the follow-up of AEs, the time of 
termination, the results available at that time and, if known, the documentation of the termination 
of treatment on the eCRF and in the medical record, giving reasons, a final examination and 
documentation according to the protocol (if possible). 

In the case trial participation of a patient was stopped prematurely, the conduct of further follow-
up visits is no longer possible. The documentation should be completed as far as possible under 
these circumstances, e.g. a final examination and documentation according to the protocol (if 
possible), a documentation of the premature trial termination on the CRF and in the medical 
record, giving reasons, appropriate further treatment and follow-up outside the trial should be 
ensured; inform general practitioner of the termination, if necessary (provided that the patient 
agrees). In studies that assess the survival status, an attempt should at least be made to assess 
the patient's survival status by telephone follow-up (unless informed consent for documentation 
has been withdrawn). 

8.3.1 Premature discontinuation of trial treatment 

After implantation the EHM patch can be removed by a discontinuation of immunosuppressive 
treatment or by surgical excision in case of unwanted effects.  

8.3.2 Premature termination of trial participation 

The trial patient can withdraw his/her consent at any time, without having to give reasons, and 
have his/her entire trial participation terminated prematurely. However, the prerequisite for this is 
that the patient actively terminates trial participation by withdrawing his/her consent for the follow-
up and documentation. 

The responsible investigator may only withdraw a patient from participation in the trial for the 
following reasons: 

Extreme circumstances arise which make any trial-relevant follow-up impossible (see section 6.2) 

9 Investigational medicinal product (IMP) 

9.1 Engineered Human Myocardium (EHM) background information 

Engineered Human Myocardium (EHM) in a clinically translatable format was introduced in 2017 
(Tiburcy et al., 2017). The production protocol was optimized for GMP production and application 
as BioVAT. The EHM protocol originates from ~30 years of preclinical development (Didie et al., 
2013; Fujita and Zimmermann, 2017a, b, 2018; Riegler et al., 2015; Tiburcy et al., 2017; 
Zimmermann et al., 2006). Jebran et al. 2024 (in press) 
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9.1.1 Preclinical data 

Feasibility, safety, and efficacy of tissue engineered heart repair was thoroughly investigated in 3 
preclinical animal species (rat, mouse, and Rhesus macaque): 

1) Rat model with uncompromised heart function (Zimmermann et al., 2002) 

2) Rat model of chronic (severe) heart failure after permanent LAD occlusion (Zimmermann et al., 
2006) 

3) Mouse model of acute myocardial infarction by permanent LAD occlusion (Didie et al., 2013) 

4) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Riegler et al., 2015) 

5) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Qin et al., 2016) 

6) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (Tiburcy et al., 2017) 

7) Rat model of chronic (mild) heart failure after ischemia/reperfusion injury (extension of Tiburcy 
et al., 2017 with focus on EHM patch retention; data presented in IMPD) 

8) Rhesus macaque model with uncompromised heart function (Jebran et al. 2024 [in press]; data 
presented in IMPD)  

9) Rhesus macaque model with post-myocardial infarction chronic heart failure (Jebran et al. 2024 
[in press]; data presented in IMPD)  

Additional pilot studies were performed in pig models, but found to be of no predictive value 
because of limited xenograft retention, despite administration of comprehensive immune 
suppression regimens. 

These studies collectively provide the rationale for the BioVAT-HF trial. Study 1 demonstrated 
feasibility and safety of Engineered Rat Myocardium (ERM) implantation under immune 
suppression in a healthy rat model. Study 2 demonstrated electromechanical integration, safety 
and efficacy of ERM allografts in a rat model of chronic heart failure. Safety and efficacy was 
further confirmed in a mouse model of subacute myocardial infarction and the application 
pluripotent stem cell-derived Engineered Mouse Myocardium (EMM) allografts (Study 3). Studies 
2 and 3 employed MRI and echocardiography to document efficacy of ERM and EMM allograft-
based heart repair by detection of an enhancement of thickness and contractility of the target heart 
wall, in line with the proposed mode of action. Studies 4-7 established and validated a human 
GMP-compatible EHM as well as retention upon implantation. In a pivotal Rhesus macaque 
allograft study (study 8), a Engineered Non-Human Primate Myocardium (ENHPM) graft dose 
dependent increase in target heart wall thickness by approximately 1 and 5 mm was observed as 
a result of the implantation of 1x and 5x ENHPM assemblies, respectively, in line with the 
observations from allograft studies 2 and 3. The augmentation of the target heart wall was 
sustained for the whole study duration (investigated for up to 6 months in the 5x ENHPM group) 
with no evidence for unwanted effects (no arrhythmia, no tumor, no perturbation of heart 
performance, no immune suppression related side effects). In an extension of study 8, ENHPM 
(2X ENHPM and 5x ENHPM) were safely implanted into Rhesus macaque with chronic heart 
failure.  Similar as in study 8 (ENHPM in healthy Rhesus macaques), a sustained augmentation 
of the target heart wall was observed for the whole study duration (6 months) with no evidence for 
arrhythmia, tumor formation, perturbation of heart performance, and immune suppression related 
side effects. Whereas ENHPM target heart wall contractility was unaffected in control animals 
enhanced target heart wall thickening fraction and of left ventricular ejection fraction was observed 
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suggesting a contribution of the ENHPM patch not only to local, but also to global heart function 
(Jebran et al. 2024 [in press]).  

The preclinical data is in agreement with the data obtained from 13 patients in Part A of BioVAT-
HF.   

9.1.2 Pharmacokinetics 

Not applicable. 

9.1.3 Pharmacodynamics 

We considered the 5x EHM assembly as minimal effective dose (MED) for the BioVAT-HF trial 
and anticipated a similar thickening of the target heart wall as observed in the Rhesus macaque 
study, improved target heart wall thickening fraction, and improved left ventricular ejection fraction 
as observed in the extension of the pivotal Rhesus macaque trial. The dose finding study 
confirmed that 20 x EHM assemblies thicken the human heart similarly as 5x ENHPM assemblies 
in the Rhesus macaque.  

Considering the differences in heart and body size in Rhesus macaque and human (10-fold for 
heart weight and 2-fold for heart wall thickness) and applying allometric scaling a 5x EHM 
assembly in Rhesus macaque resembles a 50x or 10x EHM assembly in human. At a 20x EHM 
dose no graft related safety concerns and signs for efficacy were observed in patients with 
advanced heart failure. 

9.1.4 Adverse reactions 

Arrhythmia (in case of irregular electromechanical integration), tumor formation (in case of the 
contamination with pluripotent stem cells), perturbation of heart performance (in case of 
compression or stiffening of the target heart wall), and immune suppression related side effects 
may be anticipated. Preclinical studies did not provide evidence for clinically relevant adverse 
reactions (hyperglycaemia was observed as a common side effect of tacrolimus without a need 
for antidiabetic treatment). BioVAT-HF Part A data did not find EHM-related adverse reaction. 
Immune suppression related kidney damage, a common and anticipated adverse reaction to 
calcineurin inhibitors was observed in some patients. Reduction in Tacrolimus levels (Part A 5-15 
ng/ml to Part B 3-10 ng/ml trough levels) and a replacement of Tacrolimus with the mTOR inhibitor 
Everolimus in case of evidence for kidney damage is introduced as mitigation strategy in 
accordance with the most recent guidelines of the ISHLT for immune suppression in patients with 
heart transplantation (Velleca et al., 2023).  

9.2 IMP pharmaceutical characteristics 

The IMP used in this trial is characterised as follows, according to the applicable IB: 

Proprietary name:  Engineered Human Myocardium (EHM) 
Name of substance: Human heart muscle comprised of iPSC-derived cardiomyocytes 

and stromal cells supported to self-organize into heart muscle with 
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structural, functional, and molecular properties of juvenile 
myocardium by a bovine collagen type I hydrogel environment 

Manufacturer: University Medical Center Göttingen 
Approved indications: IMP not yet approved 
Dosage form: Refer to Figure 1 
Strength: Not applicable 
Total daily dose: Not applicable 
 

For further characteristics, see current version of the corresponding IB.  

9.3 Packaging and labelling 

EHM is packaged as single patch mounted on a holder in a screw container filled with 50 ml 
transport medium. EHM will be delivered directly to the point-of-care at the required quantity.   

Medication labels will be in German and comply with GMP Annex 13 and legal requirements in 
Germany. 

9.4 Supply and ordering 

EHM will be ordered from the University Medical Center Göttingen. EHM will be ordered 1 - 4 
months prior to implantation by E-mail to the following address: 

BioVAT-HF.Bestellung@med.uni-goettingen.de 

9.5 Receipt and storage 

EHMs will be delivered as individual patches in a sterile screw-cap container to the point-of-care. 
After receipt, EHM will be left in the unopened screw-cap containers at room temperature until 
implantation on the day of delivery.  

Delivery of the EHM patch to the point-of-care is further described in a separate protocol. 

9.6 Preparation of EHM patch  

EHMs will be delivered as individual patches in sterile screw-cap containers to the point-of-care. 
Upon opening the screw-cap container at the point-of-care under aseptic conditions, EHM 
mounted on stretch devices with transport medium will be transferred into a container (e.g., a 
kidney dish). EHM will then be released from the stretch devices using a custom-made fork and 
transferred into a second container (e.g., a kidney dish) filled with Ringer Acetate solution (200 
ml) for a first washing step using a custom-made shovel. After 5 min EHM will be transferred into 
a third container (e.g., a kidney dish) filled with Ringer Acetate solution (200 ml) for a second 
washing step (5 min) using a custom-made shovel and subsequent assembly into the desired 
EHM doses in custom-made assembly devices. Assembled EHM will be sutured onto a TachoSilTM 
membrane and subsequently transferred onto the heart. EHM should be implanted within 30-60 
min after opening of the screw container. 
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Preparation of EHM patch is further described in a separate protocol. 

9.7 EHM Implantation 

EHM assemblies will be sutured to the target left ventricular heart wall via a left lateral 
thoracotomy. The surgical access route and fixation procedure is similar to the proceeding in 
epicardial pacemaker lead implantations. After the thoracotomy the pericardium is opened 
horizontally anterior to the phrenic nerve allowing a full access to the anterior and lateral wall of 
the left ventricle. The EHM patch is then fixed to the target left ventricular wall using 5/0 prolene 
sutures. Hereafter, the pericardium is closed with interrupted sutures and a chest tube is inserted 
into the left thoracic cavity to evacuate blood, air or pleural effusions, which may occur in the first 
postoperative days. To detect these adverse events a thoracic X-ray (anterior-posterior projection) 
will be performed within 2 h after the operation. The chest tube is usually removed within 3 days 
after surgery. Removal of the chest tube can cause bleeding or pneumothorax. Therefore, a 
thoracic X-ray will be performed ~2 h after removal of the chest tube (anterior-posterior or 
posterior-anterior projection). The standard mean radiation exposure for each X-ray is 0,05 mSv. 

The implantation on the right ventricle takes place during a planned surgical procedure with a 
medial thoracotomy.  

The implantation of a heart patch does not require the support of a heart-lung machine. 
Accordingly, the left ventricular application to the beating heart is carried out without the use of a 
heart-lung machine. In case of an implantation onto the right ventricle, the use of a heart-lung 
machine may be obligatory because of the primary elective intervention on the left ventricle. In the 
case of right ventricular implantation as an add on to an elective left ventricular procedure, patients 
will firstly be asked for informed consent as to the elective surgical intervention and secondly asked 
for informed consent as to the concomitant EHM implantation to support the right ventricle. 

The study-related operating time from induction of anaesthesia to weaning from anaesthesia is 
~120 minutes for left ventricular surgery and an anticipated ~30 minutes of additional operating 
time for right ventricular surgery. No patch implantation associated risk is assumed. 

EHM implantation is further described in a specific protocol depicting the surgical procedures. 

9.8 Return and destruction 

Unused IMP can be destroyed at the study site. 

9.9 Drug compliance and accountability 

The investigator or designee must maintain records of the delivery of the IMP, the use in individual 
trial patients, and the disposal of unused IMP(s). The investigator must ensure that the IMP is only 
used according to this protocol. 

The investigator bears the responsibility for the proper storage in an appropriate place to which 
unauthorised persons have no access. 
 
The investigator may only use the IMP for implantation in patients who have been enrolled in the 
study. Usage of the IMP for implantation in patients outside of this clinical trial is not permitted. 
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The investigator or designee should explain the IMP implantation to each trial patient and check 
at regular intervals whether the IMP has been rejected or not. 
 
The investigator should take notice of the IMP Handling Manual, if applicable. 

9.10 Treatment adherence 

Not applicable as EHM patch is surgically implanted and cannot be removed by the patient. 

10 Safety monitoring and reporting 

10.1 Adverse Events (AEs) 

10.1.1 Definition of AEs 

An adverse event (AE) is any untoward medical occurrence in a patient administered any dose of 
a pharmaceutical product and which does not necessarily have to have a causal relationship with 
the use of the product. An AE can therefore be any unfavourable and unintended sign (including 
an abnormal laboratory finding), symptom, or disease temporally associated with the use of an 
IMP, whether or not related to the product. 

- In order to monitor the conditions of the patients from the time the patients receive the first 
dose of immunosuppressive medication the investigator is requested to report any 
untoward clinical event on the AE-page of the eCRF. Any untoward medical occurrence, 
which occurs after the period of patient follow-up defined in the protocol, is not considered 
an AE. 

- Irrespective of any causal relationship, all AEs spontaneously reported by the patient or 
observed by the investigator will be continuously documented in the medical record and 
on the designated case report form (AE eCRF page).  

- All AEs must be described by diagnosis or, if an underlying diagnosis is not known, by 
symptoms or medically significant laboratory or instrumental abnormalities. The AEs will 
be documented as shown in section 10.1.2. Please note that medical or surgical 
procedures (e.g., tooth extraction, transfusion, surgery) performed are not AEs per se; the 
medical condition that leads to the procedure is an AE. 

- Symptoms, medically significant laboratory, or instrumental (e.g. electrocardiographic) 
abnormalities of a pre-existing disease are not to be considered an AE. Occurrences of 
new symptoms or laboratory or instrumental abnormalities, as well as worsening of pre-
existing ones, are considered AEs. 

- All AEs, no matter how intense, are to be followed up by the investigator in accordance 
with ICH-GCP until resolved or judged no longer clinically relevant, or in case of a chronic 
condition, until it is fully characterised. 

- Overdose without clinical sequelae is not to be considered an AE. For the purposes of this 
study, an overdose is defined as a single dose of IMP that exceeds the prescribed dose 
for each age range. 
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10.1.2 Documentation of AEs 

Adverse events have to be documented in the eCRF starting from first intake of 
immunosuppressive medication (Visit 3) until the last study visit (Visit 10). 

The following data need to be documented:  
- Characterization of the event (diagnosis; if not available, symptoms) 
- Onset date / date of resolution 
- Severity of event (“mild, moderate, severe, life-threatening or fatal”)   

- Relationship to the IMP(s) (related/not related), The expression “related” means, that there 
is evidence or argument to suggest a reasonable causal relationship between the event 
and the administration of the study drug, e.g. close temporal connection, exclusion of other 
causes. The assessment “not related” is appropriate, if the AE is clearly or most likely 
explained by other causes even if a potential relationship between study drug and the AE 
cannot be completely excluded. 

- Serious / non-serious 

- Action taken with regard to IMP (continued/stopped/interrupted) 

- Outcome of AE 

10.2 Serious Adverse Events (SAEs) 

10.2.1 Definition of SAEs 

A Serious Adverse Event (SAE) is any AE that at any dose 

- results in death, 

- is life-threatening, 

- requires hospitalization or prolongation of existing hospitalization (excluding those for 
study therapy and elective or pre-planned treatment/surgery)  

- results in persistent or significant disability or incapacity, 

- is a congenital anomaly or birth defect, 

- other medically important event: events that may jeopardise the subject or may require an 
intervention to prevent one of the above characteristics/consequences. Such events 
should also be considered as ‘serious’ in accordance with the definition and have to be 
reported as SAE.  

- In addition, cases of misuse, abuse, medication error, overdose of study medication, 
pregnancy and product deficiencies should also be reported like SAEs (please refer to 
section 10.2.3.4, 10.2.3.5, and 10.2.3.6). 

 

Please note:  

- term “life-threatening” in the definition of “serious” refers to an event in which the patient 
was at risk of death at the time of the event; it does not refer to an event which 
hypothetically might have caused death if it were more severe. 
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10.2.2 Documentation of SAEs 

All SAEs (with the exception of the special situation described in section 10.3.1.2) starting from 
first administration of immunosuppressive concomitant medication until the patient’s last study visit 
(patient's individual study end date) will be documented in the eCRF and on the provided SAE 
reporting form. 

The SAE reporting form will be processed as described in the section below.  

10.3 Investigator reporting requirements 

10.3.1.1 Reporting policy 

The following events must be reported by investigator to the sponsor: 
 

- SAEs 
- Pregnancies (10.2.3.4) 
- Special situations (10.2.3.5) 
- Product deficiency / complaint concerning study medication (10.2.3.6) 

The events above must be reported by fax to the following address within 24 hours after knowledge 
by the investigator: 

Pharmacovigilance 
Clinical Trials Unit 

Medical Center - University of Freiburg 
Elsaesser Str. 2, 79110 Freiburg 

SAE Fax No. 
+49 761 270-74 390 

If only limited data are initially available, a follow-up report is required. If new information including 
outcome becomes available or e.g. relationship to IMP is reconsidered, a SAE follow-up report 
should be sent within 24 hours using the same procedure as for transmitting the initial SAE report 
(details will be provided in SAE reporting manual).  

10.3.1.2 Specific protocol exceptions to expedited SAE reporting  

As this trial involves patients suffering from severe heart failure (NYHA Class III or IV) associated 
with significant mortality/morbidity, and as the frequency of recurrent hospitalizations for 
worsening of heart failure is one of the secondary endpoints (i.e. anticipated clinical outcomes) 
thoroughly collected on the specific eCRF pages and taking into consideration recommendations 
of the CIOMS working group VI concerning management of safety information from clinical trials, 
the following events have not to be notified to the sponsor as SAEs: 
“worsening of heart failure”, except if the investigator evaluates worsening of heart failure as being 
related to the IMP, this case has to be reported to the Sponsor as a SAE;  
Hospitalization due to study therapy and/or assessments, placement of an indwelling catheter, 
social/convenience admissions, respite care, elective or pre-planned treatment/surgery 
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10.3.1.3 Reporting of patient death 

According to 10.2.1 "Definition of SAEs", "Death" is always considered an SAE and needs to be 
reported to the sponsor. Please note that “death” is usually an SAE outcome, only in cases where 
the clinical circumstances before the death are unknown (i.e. patient died without a determinable 
cause of death), then the diagnosis “death” itself should be reported as an SAE. In case of fatal 
outcome of an already-registered SAE, a follow-up notification must be done. 
In case of patient’s death the investigator must submit on demand all information to the competent 
IEC, the other IEC(s) involved, the CA and the sponsor, that is required for the fulfilment of their 
duties (note that personal data must be transmitted using the trial-specific patient identification 
number, i.e. in pseudonymised form). 

10.3.1.4 Reporting of Pregnancies  

Any pregnancy (female trial participant or female partner of male trial participant) that occurs 
during trial participation must be reported. To ensure patient safety each pregnancy must be 
reported to Pharmacovigilance CTU on the pregnancy reporting form within 24 hours of learning 
of its occurrence. The pregnancy should be followed up to determine outcome, including 
spontaneous or voluntary termination, details of birth, and the presence/absence of any birth 
defects, congenital abnormalities or maternal and new-born complications. 

10.3.1.5 Reporting of Special situations 

In addition to serious adverse events, the following special situations which affect the safety of 
study participants have to be reported to the sponsor without undue delay. For reporting, please 
refer to EMA Guideline on Good Pharmacovigilance Practices, Annex I, defines these special 
situations as follows: 
 
Medication error  
An unintended failure in the drug treatment process that leads to, or has the potential to lead to, 
harm to the patient.  
 
Misuse of a medicinal product  
Situations where a medicinal product is intentionally and inappropriately used not in accordance 
with the terms of the marketing authorisation. 
 
Abuse of a medicinal product  
Persistent or sporadic, intentional excessive use of medicinal products which is accompanied by 
harmful physical or psychological effects [DIR 2001/83/EC Art 1(16)]. 
 
Overdose  
Administration of a quantity of a medicinal product given per administration or cumulatively which 
is above the maximum recommended dose according to the authorised product information. When 
applying this definition, clinical judgement should always be applied. 

10.3.1.6 Reporting of product deficiencies / complaints concerning study medication 

Product deficiencies or complaints about study medication, i.e. IMP quality or labelling, are 
reported in the same way as SAEs, pregnancies or special situations. 
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10.4 SUSARs 

The sponsor's reporting requirements are divided into expedited reporting and reporting that must 
be performed on request or annually. 

10.4.1.1 Definition of SUSARs / Reference safety information 

The sponsor's expedited reporting requirements are particularly relevant to suspected unexpected 
serious adverse reactions (SUSARs). SUSARs are all SAEs that are considered as both possibly 
related to study medication by investigator or sponsor and which are unexpected based on the 
information provided by the reference safety information (RSI). 
As this is the first in man clinical study, all SAEs judged by the investigator to be related to the IMP 
will be classified as a SUSAR. 

10.4.1.2 Reporting of SUSARs 

The sponsor has to report SUSARs without delay electronically to EudraVigilance according to 
instructions given in EU Individual Case Safety Report (ICSR) Implementation Guide in an 
expedited fashion to EMA and investigators. 

The sponsor's expedited reporting requirements comprise the following:  

All SUSARs that are life-threatening or result in death must be reported within 7 days after sponsor 
knowledge, all other SUSARs must be reported within 15 days after sponsor knowledge. 
The information contained in SUSAR reporting to EudraVigilance will obey CTR (EU) 536/2014 
Annex III 2.3. The details on the implementation of these requirements are described in a study 
specific SAE-manual. 

10.5 Reporting of Serious breaches and urgent safety measures 

According to Art. 52 of the Regulation (EU) No 536/2014, a serious breach is defined as any 
breach of the Regulation EU No 536/2014 and/or the version of the clinical trial protocol applicable 
at the time of the breach which is likely to affect to a significant degree the safety and the rights of 
a subject and/or the reliability and robustness of the data generated in the clinical trial.  
According to Art. 54, urgent safety measures are taken by the sponsor when an unexpected event 
is likely to seriously affect the benefit-risk balance of the study. 
When the trial site identifies a critical non-conformity which might be or might result in a serious 
breach or urgent safety measure, the trial site is responsible to inform the sponsor of the clinical 
trial immediately at: 

E-mail: sz-umg.sponsor-qm@med.uni-goettingen.de 
Phone: + 49 (0) 551 39 60812  

  
The sponsor is responsible to perform a risk assessment and to notify the competent authorities 
of the Member States concerned via CTIS without undue delay but not later than seven days after 
becoming aware of that breach in case the reported critical non-conformity is considered a serious 
breach or an urgent safety measure.  

mailto:sz-umg.sponsor-qm@med.uni-goettingen.de
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According to Art. 53, unexpected events which affect the benefit-risk balance of the clinical trial, 
but are not SUSARS, have to be reported within 15 days by the sponsor. 

10.6 Development Safety Update Report (DSUR) 

In addition to the expedited reporting, the sponsor shall submit through CTIS an annual report 
once a year or on request throughout the clinical trial period, according to ICH guideline E2F. The 
aim of the DSUR is to concisely describe all new safety information relevant for one or several 
clinical trial(s), to assess the safety conditions of subjects included in the concerned trial(s) and to 
evaluate whether the benefit / risk ratio is still favourable. 

11 Data handling and data management 

11.1 Data confidentiality 

Information about trial patients will be kept confidential and managed under the applicable laws 
and regulations. Those regulations require a signed patient authorization informing the patient of 
the following: 

- what protected health information (PHI) will be collected from patients in this trial; 
- who will have access to that information and why; 
- who will use or disclose that information; 
- the rights of a research patient to revoke their authorization for use of their PHI. 

In the event that a patient revokes authorisation to collect or use PHI, the investigator, by 
regulation, retains the ability to use all information collected prior to the revocation of patient 
authorization. For patients that have revoked authorization to collect or use PHI, attempts should 
be made to obtain permission to collect at least vital status (i.e. that the patient is alive) at the end 
of their scheduled trial part.  

The data collection system for this trial uses built-in security features to encrypt all data for 
transmission in both directions, preventing unauthorised access to confidential participant 
information. Access to the system will be controlled by individually assigned user identification 
codes and passwords, made available only to authorised personnel who have completed 
prerequisite training. 

11.2 Documentation of trial data 

11.2.1 Documentation in medical records 

The investigator will record the participation in the trial, the frequency of the trial visits, the relevant 
medical data, the concomitant treatment and the occurrence of adverse events in the medical 
record of each trial patient. 
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11.2.2 Documentation in eCRF  

An electronic data capture (EDC) system will be used in this trial (called e-CRF). All data collected 
during the trial will be entered on the trial-specific e-forms by the responsible investigator, or 
designated person, as timely as possible. Data entry and data corrections on e-forms are 
automatically tracked in the audit trail created by the EDC system. 

Data corrections in the e-CRF due to queries are performed by the responsible investigator, or 
designated person, as timely as possible. 

11.3 Data management  

Data handling 

The Department of Medical Informatics at the University Medical Centre Göttingen manages the 
medical data for the DZHK (Data Handling). For this purpose, the secuTrial® system is being 
provided in which electronic case report forms (eCRF) are being modeled. The DZHK aims to 
standardise data collect on amongst its clinical studies in order to enable secondary use of the 
data across studies. Therefore, Standard Operating Procedures (SOPs) as well as data capture 
modules for common cardiological assessment procedures are available. The DZHK item 
catalogue comprises all currently standardised data capture modules. 

For future expansion of the BioVAT-HF study as a multinational-regional clinical trial according to 
ICH E17 it might be necessary to transfer data to third party countries (e.g., USA). 

 

secuTrial 

Data capture using secuTrial software is achieved by entering the items queried during collection 
using the eCRFs created and provided by the Data Handling (DH) unit. With secuTrial it is possible 
to conduct multicentre clinical studies and post-marketing studies. secuTrial allows direct, 
decentralised electronic capture of study data (remote data entry) in a central database. Operation 
of secuTrial is completely browser-based, which means it is not necessary to install software for 
either management or data capture. Authorised users can define the studio setup, manage 
participants, export data and enter patient data from any internet-enabled PC. Within the 
application there is both a separate test area (setup) and a productive area. This means that prior 
to the start of the actual study or in the case of changes implemented after the go-live, any function 
can be tested before it is unlocked for users. The tested study setup can go live after it has 
successfully completed testing. The changes are subject to constant version control. secuTrial 
complies with all regulatory standards (CRF, GCP) and is certified for all FDA-compliant functions, 
such as audit trail, a roles and rights concept and electronic signature. 

 

Data Collection 

Although the data collection process runs parallel to the data capture process in most cases, this 
is not absolutely necessary from a technological point of view. The collected data can initially be 
stored intermediately on printed questionnaires. The collected data is captured in the eCRFs 
provided and is usually captured by a study nurse or study doctor. The medical data (MDAT) and 
identifiable information (IDAT) are separated before data collection. This is achieved by 
incorporating an IDAT input mask provided by the Independent Trusted Third Party (TTP) before 
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the MDAT is actually entered. The IDAT is entered directly on the TTP servers. This tunnelling 
ensures that the IDAT is at no time known to the secuTrial system.  

secuTrial also implements query management within studies, registers and cohorts. Queries are 
designed to help monitors and other authorized users to investigate unclear entries. Study doctors 
and study nurses can read, review, answer (if necessary) and close queries. This process can 
also only be accessed by users who are set up in the system. 

 

Data Management 

In addition to providing suitable capture tools, another core task of the Central Data Management 
unit is the long-term storage and management of the collected data. A non-bypassable audit trail 
is created for the corresponding dataset as early as the data capture stage. This audit trail saves 
which person (login information in secuTrial) with which role (derived from the login information) 
conducted which operation at which time, on which date and on which dataset. This allows 
consistent version control and traceability for all amendments. The aforementioned query 
management is also recorded in its entirety in the audit trail. The audit trail offers an overview of 
all changes made to the data and saved in the up-to-date form. It can be accessed after the form 
has been saved for the first time. Entering and saving comments, conducting and answering 
queries, conducting (Source Data Verification) SDV, reviews and form-locking actions, and ending 
data capture are all storage processes for the respective form. For this reason, all these actions 
are illustrated in the storage history in the upper part of the audit trail. Every storage operation 
documents the current project version so that changes to the project setup can be traced here as 
well. It also displays whether an e-signature was used for saving and if it is still valid. 

Details on data management (e.g., software, procedures, responsibilities) will be described in a 
data management plan prior to the trial. During the trial, the performance of data management 
and any deviations from the data management plan will be documented in a data management 
report. Technical specifications of the trial data base and all data checks will be documented in a 
data validation plan. 

The trial data base has been fully validated before any data entry will be performed. Data entry 
personnel will not be given access to the trial data base until they have been trained. An audit trail 
provide a data history which data were entered, changed or deleted, by whom and when. 

11.4 Data coding 

Concomitant treatments or procedures entered into the database will be coded using the WHO 
Drug Reference List.  

Medical history/current medical conditions and adverse events will be coded using the Medical 
dictionary for regulatory activities (MedDRA) terminology. 

12 Quality assurance 

The sponsor is responsible for implementing and maintaining quality assurance and quality control 
systems with written SOPs to ensure that trials are conducted, data are generated, documented, 
and reported in compliance with the protocol, ICH-GCP, and the applicable regulatory 
requirement(s). 
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12.1 Monitoring procedure 

Monitoring is performed by the CRAs of the CTU, University Medical Center Göttingen. Risk-
based monitoring will be done according to ICH-GCP E6 and standard operating procedures 
(SOP) to verify that patients’ rights and wellbeing are protected, reported trial data are accurate, 
complete and verifiable from source documents and that the trial is conducted in compliance with 
the currently approved protocol/amendment, with ICH-GCP and with the applicable regulatory 
requirements to ensure safety and integrity of clinical trial data. 

The investigator will accept monitoring visits before, during and after the clinical trial. Prior to the 
trial, a site initiation visit at each site is conducted in order to train and introduce the investigators 
and their staff to the trial protocol, essential documents, handling of IMP and related trial specific 
procedures, ICH-GCP and national/local regulatory requirements.  

During the trial, the CRA will visit the site regularly to monitor recruitment rate and quality of data. 
During these on-site visits, the CRA verifies that the trial is conducted according to the trial 
protocol, trial specific procedures, ICH-GCP and national/local regulatory requirements. The 
presence of signed informed consents, eligibility of patients, primary endpoint, handling of IMP 
and documentation/reporting of safety data (e.g., AE/SAE) will be verified by the CRA. The CRA 
performs also source data verification and drug accountability to ensure that the clinical trial data 
which are recorded in the source data and CRFs are complete and accurate. Extent of source 
data verification and monitor visit frequency will be adapted for individual sites in case of lack of 
data quality or a high number of protocol violations. All trial specific monitoring procedures, 
monitoring visit frequency and extent of SDV will be predefined in a trial specific monitoring 
manual. The investigator must maintain source documents for each patient in the trial, consisting 
of case and visit notes (hospital or clinic medical records) containing demographic and medical 
information, laboratory data, electrocardiograms, and the results of any other tests or 
assessments (see section 7). All information recorded on CRFs must be traceable to source 
documents in the patient's file as defined in section 11.2. The investigator must also keep the 
original signed informed consent form (a signed copy is given to the patient). 

The investigator must give the CRA access to all relevant source documents to confirm their 
consistency with the CRF entries.  

  

12.2 Source data verification (SDV) 

Source data as defined by ICH-GCP include original documents, data, and records such as 
hospital records, clinical and office charts, laboratory notes, memoranda, patients' diaries or 
evaluation checklists, pharmacy dispensing records, recorded data from automated instruments, 
copies or transcriptions certified after verification as being accurate copies, microfiches, 
photographic negatives, microfilm or magnetic media, X-rays, and records kept at the pharmacy, 
at the laboratories and at medico-technical departments involved in the clinical trial. 

12.3 Auditing procedures and inspections 

According to the ICH-GCP guidelines, audits may be performed as a quality measure. Audits may 
be conducted by the sponsor or an independent external party, inspections by CA(s). 
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The investigator needs to inform the CTU immediately of an inspection requested by a regulatory 
authority. The investigator is responsible for providing / giving access to source data/documents 
to auditors/inspectors. 

13 Biostatistical planning and analysis 

Before the final analysis (see section 13.6) a detailed statistical analysis plan (SAP) will be 
prepared. This will be completed before data base lock, at the latest. If the SAP contains any 
changes to the analyses outlined in the trial protocol, they will be marked as such, and reasons 
for amendments will be given. 

All statistical programming for analysis will be performed with the Statistical Analysis System 
(SAS) or the statistical software package R. 

13.1 Trial design 

For details on trial design see section 3.1 of the protocol. 

13.2 Objectives and endpoints 

For details on endpoints see section 2 of the protocol. 

13.3 Sample size calculation 

The required number of patients to be enrolled results as a total of the numbers needed for the 
three parts of the trial. A maximum of n=18 patients in dose finding cohorts of n=2-4 patients is 
planned for the first part, the Dose Finding stage. This number of patients is not uncommon for 
phase I dose-escalation studies and can be justified through simulation studies. In the second 
part, the Refinement/Expansion stage, n=35 patients in two cohorts (min. 5 per LV and RV cohort) 
are needed and will focus on the most feasible, safe, and effective approach. In the 
Refinement/Expansion stage, sample size planning is based on the primary endpoint heart wall 
thickness and systolic thickening fraction. In a pre-post comparison of means a sample size of 30 
patients yields a power of 80% (90%) to detect a standardized mean difference (Cohen’s d) of 
0.47 (0.55) at a two-sided significance level of 10% given a. As this is an early study to evaluate 
trends the slightly larger than usual significance level is justified (Kianifard and Islam, 2011). A 
number of n=35 patients are needed for the second part. Summing up a total n=53 patients have 
to be enrolled in the entire study. Calculations were done using the statistical software nQuery 
(version 9.2.1.0). 

13.4 Definition of populations included in the analyses 

Primary analysis will be performed on all patients with complete observations at baseline and 
complete or imputed observation at month 12. This will be referred to as the intention-to-treat 
population (ITT). If not mentioned otherwise, all analyses are based on the ITT population. 
Imputation will be performed using predictive mean matching. 
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Sensitivity analysis will be performed on all patients with complete observations at baseline and 
month 12. This will be referred to as the per-protocol (PP) population.  

A CONSORT (consolidation standards of reporting trials) flow chart will be provided to report 
disposition of patients. Safety of patients and interim analyses will be supervised by the DSMB. 

13.5 Methods of analysis 

13.5.1 Patient demographics/other baseline characteristics 

Demographic and other baseline data (including disease characteristics) will be summarised 
descriptively using the FAS. 

Continuous data will be summarised by arithmetic mean, standard deviation, minimum, 25% 
quantile, median, 75% quantile, maximum, and the number of complete and missing observations. 
If appropriate, continuous variables will also be presented in categories. 

Categorical data will be summarised by the total number of patients in each category and the 
number of missing values. Relative frequencies are displayed as valid % (number of patients 
divided by the number of patients with non-missing values). 

13.5.2 Trial medication 

Numbers of patients in the dose cohorts of the Dose Finding stage of the trial with corresponding 
dose levels will be reported. 

13.5.3 Concomitant medication 

The concomitant medications will be summarised by ATC level 1/3/5. In each table, patients will 
be counted once, if they took at least one medication from the respective ATC level. The number 
of patients and the percentage of the total number of patients in the respective population will be 
given. 

13.5.4 Primary endpoint 

Part A investigated safety at dose levels of 5x (2±0.1 million cells/kg body weight; n=2), 10x (4±1.6 
million cells/kg body weight; n=2) and 20x (10±2 million cells/kg body weight; n=9) EHM as primary 
endpoint. Efficacy data was obtained for information. Part B design is informed by the Part A 
experience, which resulted in efficacy endpoint adjustment. Accordingly, we will obtain structural, 
functional and symptomatic using in the patient population of BioVAT-HF robustly applicable 
measures. This is: 

(1) measurement of target heart wall thickness (structural endpoint) by echocardiography 
supported by cCT and cMRI to confirm EHM graft retention and target heart wall 
augmentation if possible 

(2) measurement of left and right ventricular ejection fraction (functional endpoint), depending 
on the EHM implantation site, by echocardiography supported by cCT and cMRI to confirm 
EHM graft contribution of heart function  
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(3) measurement of patient reported outcome (symptomatic endpoint) by KCCQ-23  

Primary efficacy analyses are based on the changes between baseline and 3 months, 6 months 
and 12 months after implantation. To test for a time-effect a linear mixed model will be employed 
for each of the three primary endpoints. Due to the explorative character of the efficacy analysis 
testing will be performed at a 10% two-sided significance level. Mean differences will be reported 
along with 90% confidence intervals. 

13.5.5 Secondary endpoints for efficacy 

The key secondary endpoint (frequency of recurrent heart failure hospitalizations) will be 
compared to data collected from patients in the VAT-registry waiting for EHM implantation and 
tested at a two-sided 10% significance level as well due to the explorative character of the trial.  

 

Functional status 

The functional status is measured by three endpoints 

 Six-minute walk test (6MWT) 

 Hand-grip strength 

 Cardiopulmonary stress testing 

Changes over time will each be analysed with a generalized linear mixed model comparing 
measurements at baseline and 2 weeks, 1 month, 3 months, 6 months and 12 months after 
implantation. Subsequent Dunnett-type pairwise comparisons to baseline may be performed in 
case of significant ANOVA results. Effects will be reported with 90% confidence intervals. 

 

Patient reported outcomes 

Change in patient reported outcomes is assessed by  

 Quality of life score (KCCQ-23, EQ-5D-5L) 

 Compliance determining score (HADS, MoCA, B-IPQ, TEX-Q, Medication adherence) 

 NYHA classification 

KCCQ-23 (23 items), EQ-5D-5L (5 items), HADS  (14 items), MoCA (30 items), and medication 
adherence changes over time will each be analysed with a generalized linear mixed model 
comparing measurements at baseline (visit 2) and 6 months (visit 8) and 12 months (visit 10) after 
implantation. Subsequent Dunnett-type pairwise comparisons to baseline may be performed in 
case of significant ANOVA results. Mean differences will be reported along with 90% confidence 
intervals. B-IPQ (8 items) and TEX-Q (15 items) information will be obtained at the baseline visit 
to characterize the BioVAT-HF patient population. 

NYHA classification change over time will be analysed giving proportions of patients with NYHA 
Class I/II at time points baseline and 1 month, 3 months, 6 months and 12 months after 
implantation. Proportions are accompanied by 90% confidence intervals. 

 

Time to Mechanical Assist Device implantation 
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Time to mechanical assist device implantation will be displayed showing Kaplan-Meier curves with 
either pointwise 90% confidence intervals or 90% confidence bands and, if a sufficient number of 
events occurred, analysed using a Cox proportional hazards model. Data will be compared the 
data from patients included in the VAT-registry that were no yet treated. 

 

Time to heart transplantation  

Time to heart transplantation will be displayed showing Kaplan-Meier curves with either pointwise 
90% confidence intervals or 90% confidence bands and, if a sufficient number of events occurred, 
analysed using a Cox proportional hazards model. Data will be compared the data from patients 
included in the VAT-registry that were no yet treated. 

 

Mortality 

Both all-cause mortality and cardiovascular mortality will be displayed showing Kaplan-Meier 
curves with either pointwise 90% confidence intervals or 90% confidence bands and analysed 
using a Cox proportional hazards model exploring the prognostic quality of the biomarkers 
assessed at baseline. The baseline mortality in the target patient population is 20-50% within 12 
months (Dunlay et al., 2021; Hsich et al., 2016). 

13.5.6 Safety parameters 

Safety is assessed by frequencies of adverse events including: 

- major adverse cardiac events (MACE; non-fatal myocardial infarction, non-fatal stroke and 
cardiovascular death – further defined by a clinical endpoint adjudication committee - EAC) 

- Frequency and severity of arrhythmic events 

- Incidence of immune rejection (allograft DNA, CK/CK-MB, hs-cTnT) 

- Incidence of mechanical perturbation of ventricular function by EHM graft 

All safety parameters will be listed and displayed in summary tables. Adverse events (AEs) are 
displayed in summary tables as follows: 

The total number of AEs, the minimum, maximum and mean number of AEs per patient, the total 
number of follow-up days (number of days in the observation period), the number of AEs per FU-
day (total number of AEs divided by the total by the number of follow-up days), and the number of 
patients who had at least one AE. 

The incidence of AEs defined by preferred term (PT) according to MedDRA will be calculated as 
the number of patients who experienced at least one AE with the respective PT in percentage of 
the total number of patients in the safety population. In the incidence tables the PTs will be grouped 
by system organ class (SOC) according to MedDRA. Additionally, the incidence of AEs defined 
by SOC will be calculated as the number of patients who experienced at least one AE in the 
respective SOC as percentage of the total number of patients in the safety population. 

Incidences of AEs will be calculated with 95%-confidence intervals. 

Laboratory data will be presented in the measured units (or in SI units, being converted from the 
original units, if necessary). Values outside the investigator’s reference range will be flagged as 
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above or below the reference range in the listings. Shift tables for all parameters will also be 
generated. 

13.6 Interim analyses 

A interim analysis of part Part B data is planned for the time point when 15 patients have been 
implanted on the LV or 5 patients have been implanted on the RV with at least 3 months follow-
up completed. The interim analysis and the interim report will describe patient recruitment, 
treatment compliance as well as safety and efficacy for the patients in this period. An adjustment 
of the type I error will be performed using a type I error-spending function.  

The results of the interim analysis will be reported only to the independent data safety monitoring 
board (DSMB), see section 14. The DSMB will give advice to the Coordinating Investigator 
concerning further conduct of the trial. 

Naturally, each transfer from one study part to another is accompanied by an interim evaluation. 

14 Scientific steering and data monitoring committees 

All applicable DZHK-SOPs will be used in the proposed study. Data management and biosampling 
will be according to DZHK rules. Data will be monitored by Dose Determining (DDC) and Data 
Safety Monitoring Board (DSMB) comprised of members with appropriate scientific and medical 
expertise to monitor the study. The DDC and DSMB will be charged with ensuring the safety of 
the subjects. The DDC is charged primarily with determining the appropriate dose escalation steps 
according to hands-on experience gained within the study. The DSMB is composed of 
independent experts and charged with the whole study oversight. The DSMB may recommend 
that the Sponsor suspends enrolment, amends the study, or discontinues the study at any time. 

14.1 Dose Determining Committee (DDC) 

A trial related dose determining committee (DDC) will be appointed by the sponsor prior to the 
start of the trial comprising of 3-5 investigators participating in the trial and sponsor representatives 
from the clinical trial team and representatives from the CTU including the responsible 
biostatistician. 

The DDC will be involved in the development of the protocol and will ensure transparent 
management of the trial according to the protocol through recommending and approving 
modifications as circumstances require. The DDC will review protocol amendments as 
appropriate. The DDC members will also constitute the clinical endpoint adjudication committee – 
EAC, 

14.2 Data Safety Monitoring Board (DSMB) 

An independent Data Safety Monitoring Board (DSMB) has been established. The members of 
the DSMB are given in section “Responsibilities”. The function of the DSMB is to monitor the 
course of the trial and if necessary to give a recommendation to the sponsor, coordinating 
investigator and the DDC for discontinuation, modification or continuation of the trial. The 
underlying principles for the DSMB are ethical and safety aspects for the patients. It is the task of 
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the DSMB to examine, whether the conduct of the trial is still ethically justifiable, whether security 
of the patients is ensured, and whether the process of the trial is acceptable. For this the DSMB 
has to be informed about the adherence to the protocol, the patient recruitment, and the observed 
adverse events. The DSMB will receive the corresponding reports twice a year and at the time of 
the planned interim analyses. The composition and responsibilities of the DSMB, the structure and 
procedures of its meetings, and its relationship to other key trial team members (DDC), are laid 
down in a DSMB charter. 

15 Ethical and legal principles 

15.1 Regulatory and ethical compliance 

This clinical trial was designed, shall be implemented and reported in accordance with the ICH- 
GCP, with applicable local regulations (including European Directive 2001/20/EC and Regulation 
536/2014/EC), and with the ethical principles laid down in the Declaration of Helsinki. 

Before initiating the clinical trial, the sponsor/coordinating investigator should submit the CTP and 
any required application(s) to the appropriate competent authority for review, acceptance, and/or 
permission, as required by the applicable regulatory requirements. 

The protocol and the proposed informed consent form must be reviewed and approved by a 
properly constituted Independent Ethics Committee (IEC) before trial start. A signed and dated 
statement that the protocol and informed consent have been approved by the IEC must be 
available prior to initiation of the trial.  

15.2 Responsibilities of the investigator 

Before the start of the trial, the investigator is required to sign a protocol signature page confirming 
his/her agreement to conduct the trial in accordance with these documents and all of the 
instructions and procedures found in this protocol and to give access to all relevant data and 
records to sponsor CRAs, auditors, sponsor Clinical Quality Assurance representatives, 
designated agents of sponsor, IECs and CA(s) as required. 

15.3 Informed consent procedures 

Before enrolment in the clinical trial, the patient will be informed that participation in the clinical 
trial is voluntary and that he/she may withdraw from the clinical trial at any time without having to 
give reasons and without penalty or loss of benefits to which the patient is otherwise entitled. 

The treating physician will provide the patient with information about the treatment method and 
the possible risks involved. At the same time, the nature, significance, implications, expected 
benefits and potential risks of the clinical trial and alternative treatment will be explained to the 
patient. During the informed consent discussion, the patient, if applicable, will also be informed 
about the insurance cover that exists and the insured's obligations. The patient will be given ample 
time and opportunity to obtain answers to any open questions. All questions relating to the clinical 
trial should be answered to the satisfaction of the patient and/or his/her legal representative. In 
addition, the patient will be given a patient information sheet which contains all the important 
information in writing. 
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The patient's written consent must be obtained before any trial-specific tests/treatments. 

For this purpose, the written consent form will be personally dated and signed by the trial 
patient and the investigator conducting the informed consent discussion.  

Two consent forms are signed in original by study patient and investigator. By signing the consent 
form, the patient agrees to voluntarily participate in the clinical trial and declares his/her intention 
to comply with the requirements of the clinical trial and the investigator's instructions during the 
clinical trial. By signing the form, the patient also declares that he/she agrees to the recording of 
personal data, particularly medical data, for the trial, to their storage and codified 
(“pseudonymised”) transmission to the sponsor, CA(s), and further agrees that authorised 
representatives of the sponsor, who are bound to confidentiality, national or foreign CA(s) may 
inspect his/her personal data, particularly medical data, which are held by the investigator. 

After signing, the patient will be given one of the two originally signed and dated written consent 
forms and any other written information to be provided to the patients. The other originally signed 
and dated consent form is filed in the Investigator Site File. 

In the case of substantial amendments, the patient must be informed with an appropriate revised 
patient information/consent form. Changed trial procedures can only be carried out if they have 
been approved by the CA and the leading IEC, and if the patient has been appropriately informed 
and has given his/her written consent. 

Fertile men and women of child bearing potential should be informed that taking the IMP may 
involve unknown risks to the foetus if pregnancy were to occur during the trial and agree that in 
order to participate in the trial they must adhere to the contraception requirement for the duration 
of the trial. The patients have to agree to data collection related to pregnancy and its outcome. If 
there is any question that the patient will not reliably comply, they should not be entered in the 
trial. 

Separately, the patients will be informed about the DZHK project regarding Data & Biospecimen 
collection. Consent to DZHK Biospecimen collection is not mandatory for participation in the 
BioVAT-HF-study. 

The patient informed consent will be adjusted, if the risk-benefit-ratio changes during dose 
escalation in study part A, as well as after the interim analysis at the end of study part A. Updated 
informed consent forms need to be evaluated and voted positively by the competent ethic 
commission before any other patient is included in the BioVAT-HF study.  

15.4 Patient insurance 

Subject insurance (minimum: € 500,000 per subject) according to applicable law has been taken 
out with 

Newline Europe Versicherung AG 

Schanzenstraße 28a  

51063 Köln  

 

for all subjects participating in the clinical trial. 
The investigator, or an individual who is designated by the investigator, will inform the subject of 
the existence of the insurance, including the obligations arising from it. The trial subjects must be 
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afforded access to insurance documents and provided with a copy of the general conditions of 
insurance on request.  

15.5 Confidentiality of trial documents and patient records 

The investigator must ensure anonymity of the patients; patients must not be identified by names 
in any documents submitted to sponsor. Signed informed consent forms and patient enrolment 
log must be kept strictly confidential to enable patient identification at the site. 

All study-related information will be stored securely at the study site. All participant information will 
be stored in locked file cabinets in areas with limited access. All laboratory specimens, reports, 
data collection, process, and administrative forms will be identified by a coded identification 
number (see section 5.1) only to maintain participant confidentiality. 

15.6 Financial disclosure 

Financial disclosures should be provided by trial personnel who is directly involved in the treatment 
or evaluation of patients at the site - prior to trial start. 

16 Trial documents and archiving 

16.1 Trial documents/investigator site file  

The investigator will be given an investigator site file containing all the necessary essential trial 
documents for the initiation of the trial at his/her site. The essential documents include a list on 
which the investigator will enter all appropriately qualified persons to whom he/she has delegated 
important trial-related tasks. 

The investigator, or an individual who is designated by the investigator, will be responsible for the 
maintenance and completeness of the trial documents during the clinical trial. At the request of 
the CRA, auditor, IEC or CA(s), the investigator shall make available all the requested trial-related 
records for direct access. Essential documents must not be removed permanently. 

16.2 Archiving  

After completion of the clinical trial, the essential trial documents - as defined by ICH-GCP E6 
section 8 - will be retained at the trial site for a sufficient period so that they will be available for 
audits and inspections by the CA(s). 

The investigator will be responsible for the storage. The following retention periods will apply after 
the completion/termination of the clinical trial: 

 The above-mentioned essential documents must be retained for at least 30 years (§15 
Transplantationsgesetz). 

 The medical records and other source documents must be retained for the longest possible 
period allowed by the hospital, the institution or the private practice. 
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The investigator/the institution should take measures to prevent accidental or premature 
destruction of these documents. The sponsor will notify the investigator in writing when the trial-
related essential documents are no longer required. 

16.3 Access to trial data  

The trial investigators and all authors of the main publications of the trial result have access to the 
full trial dataset in order to ensure that the validity of the results can be verified. 

17 Protocol adherence and amendments 

17.1 Protocol adherence 

Investigators ascertain they will apply due diligence to avoid protocol deviations. Under no 
circumstances should the investigator contact sponsor or its agents, if any, monitoring the trial to 
request approval of a protocol deviation, as no authorised deviations are permitted. If the 
investigator feels a protocol deviation would improve the conduct of the trial this must be 
considered a protocol amendment, and unless such an amendment is agreed upon by sponsor 
and approved by the IEC it cannot be implemented. 

17.2 Amendments to the protocol 

Any change or addition to the protocol can only be made in a written protocol amendment that 
must be approved by sponsor, CA where required, and the IEC. 

Only changes of the protocol that are required for patient safety may be implemented prior to IEC 
approval.  

Regardless of the need for approval of formal protocol amendments, the investigator is expected 
to take immediate action required for the safety of any patient included in this trial, even if this 
action represents a deviation from the protocol. In such cases, the sponsor has to be notified as 
soon as possible of this action; the IEC should be informed correspondingly. 

Information regarding important protocol modifications will be provided in due time to further 
relevant parties (e.g. investigators, trial participants, trial registries, journals). 

17.3 Protocol deviations 

Details will be described in the Monitoring Manual. 

18 Administrative Agreements 

18.1 Financing of the trial and role of funders 

The clinical trial will be financed/financially supported by Deutsches Zentrum für Herz-Kreislauf-
Forschung e.V (DZHK). Costs for the IMP production will be covered by Repairon GmbH.  
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18.2 Trial agreement- investigator compensation 

According to ICH-GCP 4.9.6, a trial agreement on the conduct of the clinical trial and the 
compensation for conducting the trial will be signed between the sponsor of the clinical trial and 
the investigators including their heads of administration. 

18.3 Reimbursement of trial patients 

There is no payment planned for patients. 

18.4 Trial reports 

After completion of the analysis by the responsible biostatistician, the coordinating investigator will 
prepare and sign the final integrated medical and statistical report, a synopsis of the results and 
publication(s) containing the results of the study jointly with the biostatistician. 

Except when required by law, no one will disclose a result of the clinical trial to third parties unless 
all parties involved have first agreed on the results of the analysis and their interpretation. 

The final trial report will be written and signed in co-operation between the coordinating 
investigator, the coordinating scientist and the CTU of the University Medical Center Göttingen.  

18.5 Clinical trials registry 

The sponsor ensures that the key design elements of this protocol will be posted in publicly 
accessible clinical trials registries: clinicaltrials.gov. 

18.6 Publication of trial protocol and results 

The sponsor assures that the key design elements of this protocol will be posted in a publicly 
accessible clinical trials registry (see section 18.5). In addition, upon trial completion the results of 
this trial will be submitted for publication and posted in a publicly accessible database of clinical 
trial results irrespective of the results of the trial. 

Reporting guidelines will be taken into account (see www.equator-network.org), the CONSORT 
statement will be adhered to in the preparation of papers on the results of randomised studies.  

Each publication of trial results will be in mutual agreement between the principal investigator and 
the other investigators involved. All data collected in connection with the clinical trial will be treated 
in confidence by the coordinating investigator and all others involved in the trial, until publication. 
Interim data and final results may only be published (orally or in writing) with the agreement of the 
coordinating investigator and the coordinating scientist. 

18.7 Authorship in publications of trial protocol and results 

Authorship criteria defined by the International Committee of Medical Journal Editors will be 
adhered to. Investigators with a substantive contributions to the design, conduct, interpretation, 
and reporting of a clinical trial are recognized through the granting of authorship on the trial report. 
Individual contributions will be acknowledged in publications according to the publisher’s 
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regulations. The coordinating investigator and the coordinating scientist will be responsible to 
mediate in case of disputes as to authorship. 
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19 Appendices 

Appendix 1 New York Heart Association “Nomenclature and Criteria for Diagnosis  
  of Diseases of the Heart and Great Vessels” 

Class Patient Symptoms 

I No limitation of physical activity. Ordinary physical activity does not cause undue  
fatigue, palpitation, dyspnea (shortness of breath). 

II Slight limitation of physical activity. Comfortable at rest. Ordinary physical activity  
results in fatigue, palpitation, dyspnea (shortness of breath). 

III Marked limitation of physical activity. Comfortable at rest. Less than ordinary  
activity causes fatigue, palpitation or dyspnea. 

IV Unable to carry on any physical activity without discomfort. Symptoms of heart  
failure at rest. If any physical activity is undertaken, discomfort increases. 

 

19.1 Relevant Guidelines and Laws 

[List and reference to websites; delete not applicable links]  

Declaration of Helsinki http://www.wma.net/en/30publications/10policies/b3/  

ICH E6 - GCP Guideline http://www.ich.org/products/guidelines/efficacy/efficacy-
single/article/good-clinical-practice.html 

ICH E8 – General 
considerations for clinical trials  

http://www.ich.org/products/guidelines/efficacy/efficacy-
single/article/general-considerations-for-clinical-trials.html  

ICH E2F - DSUR http://www.ich.org/fileadmin/Public_Web_Site/ICH_Product
s/Guidelines/Efficacy/E2F/Step4/E2F_Step_4.pdf  

EMA Guidelines 
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regul
ation/landing/human_medicines_regulatory.jsp&mid=WC0
b01ac058001ff89 

CTR (EU) 536/2014 https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32014R0536&from=DE 

Eudravigilance https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32014R0536&from=DE 

Recommendations related to 
contraception and pregnancy 
testing in clinical trials- Heads 
of Medicines Agencies (HMA) 

http://www.hma.eu/fileadmin/dateien/Human_Medicines/01
-
About_HMA/Working_Groups/CTFG/2014_09_HMA_CTF
G_Contraception.pdf 

2016 ESC Guidelines for the 
diagnosis and treatment of 
acute and chronic heart failure 

https://leitlinien.dgk.org/2016/2016-esc-guidelines-for-the-
diagnosis-and-treatment-of-acute-and-chronic-heart-failure/ 

  

http://www.wma.net/en/30publications/10policies/b3/
http://www.ich.org/products/guidelines/efficacy/efficacy-single/article/general-considerations-for-clinical-trials.html
http://www.ich.org/products/guidelines/efficacy/efficacy-single/article/general-considerations-for-clinical-trials.html
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E2F/Step4/E2F_Step_4.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E2F/Step4/E2F_Step_4.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/landing/human_medicines_regulatory.jsp&mid=WC0b01ac058001ff89
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/landing/human_medicines_regulatory.jsp&mid=WC0b01ac058001ff89
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/landing/human_medicines_regulatory.jsp&mid=WC0b01ac058001ff89
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf
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19.2 Summary of translational project 

The combined Phase I/II (open label, non-randomized) BioVAT-HF Early Clinical Study is 
designed to obtain first clinical data on feasibility, safety and efficacy of epicardial EHM 
implantation in patients with end-stage heart failure and reduced ejection fraction (HFrEF; EF 
≤35%). It will comprise of two parts: (A) a dose finding cohort (n=8-18 patients) starting with the 
anticipated minimally effective dose (i.e., EHM-assemblies constructed from 200 million induced 
pluripotent stem cell-derived cardiomyocytes and stroma cells [iPSC-CM/StC]) up to an 
anticipated maximal feasible dose (MFD; i.e., EHM-assemblies constructed from 800 million iPSC-
CM/StC); (B) a refinement/expansion cohort (n=35) to test for optimal applications on the left (min. 
5) and right (min. 5) ventricles and to obtain clinical proof-of-concept for the most suitable 
indication and dosing according to the data obtained in A. Route of administration will be via 
minimal left-lateral thoracotomy as a standalone intervention in LV applications and concomitant 
to an open-chest LV intervention in RV applications.
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19.3 Blood draw for allograft DNA assessment (Liquid biopsy) 
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19.4 Overall risk and benefit assessment 
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19.5 Handout for emergency physicians and treating physicians (to be adapted by study 
site) 
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Summary of Changes to the Protocol  

The previous version of this protocol (Version 6, 13 August 2024) was amended to create the 
current version (Version 7, 20 November 2024). The protocol history is summarized below:  

Protocol History 
Version and  
Date of Protocol 

Comments 

Version 1,  
28 May 2020 

Original Version 

Version 2,  
28 September 2020 

• Change of Coordinating Investigator  
• Addition of Coordinating Scientist 
• Description of treatment groups was amended from “Phase I 

(Dose Finding Cohort), II (Refinement Cohort), and III (Expansion 
Cohort)” to “Part A (Dose Finding Cohort) and Part B 
(Refinement/Expansion Cohort)  

• Clarifications as to the duration of the intervention  
• Clarification as to follow-up measures:  

o Deletion of FDG-PET at 12 months if clinically indicated 
o Monitoring of pulmonary artery pressure with CardioMEMs 

HF Device if previously implanted  
• Clarification as to cell-free allograft DNA analysis for the 

monitoring of rejection to be conducted as substudy  
• The following inclusion criteria was deleted: 

o No realistic chance or not eligible for heart transplantation 
• The following exclusion criteria were added: 

o Contraindication to TachoSil® (e.g. hypersenstitivity to 
human fibrinogen, human thrombin, horse collagen, human 
albumin, Riboflavin, Natriumchloride, Natriumcitrate, L-
Arginin-Hydrochloride) 

o Any condition that excludes adherence to study protocol (in 
particular lack of adherence to prescribed medication) 

• The following exclusion criterion was deleted: 
o Alloimmunisation against EHM implant cells 

• The following inclusion criteria were clarified: 
o Terminal kidney failure (stage 4; GFR <30 ml/min) at the 

time of enrolment 
o Terminal liver failure (Child-Pugh stage C; score >10) at the 

time of enrolment 
• Clarification and amendments of the study endpoints in Part A 

and Part B in the “Study Synopsis” as well as “Objectives and 
endpoints section” (Table 2), “Clinical trial plan” (Figure 2), 
“Treatment plan and procedure” (Table 3), and “Trial design - 
Sample size Calculation”: 

o Primary Safety Endpoints  



1) Part A (Dose Escalation steps): Adverse events 
related to the procedure, including in particular 
arrhythmic events, and worsening of disease 
progression within 28 days (based on a comparison 
of data obtained during visit 2 and visit 7)  

2) Part B: Adverse events related to the procedure, 
including in particular arrhythmic events and 
worsening of disease progression within the whole 
study duration 

o Secondary Safety Endpoints  
1) Frequency of major adverse cardiac events (MACE; 

non-fatal myocardial infarction, non-fatal stroke and 
cardiovascular death) 

2) Frequency and severity of arrhythmic events 
3) Incidence of immune rejection (allograft DNA, 

CK/CK-MB, cTnT, DSA)  
4) Incidence of mechanical perturbation of ventricular 

function by EHM graft 
o Primary Safety Endpoints 

1) Evidence for structural and functional muscular 
augmentation of target myocardium determined as 
enhanced target heart wall thickness (HWT) and 
thickening fraction (HWTF) 

o Key secondary endpoint:  
1) Recurrent HF hospitalizations  

o Further secondary endpoints  
1) Left ventricular ejection fraction (EF)  
2) Change in heart failure medication  
3) Functional status in patients as determined by 

cardiopulmonary stress testing (VO2max), six-minute 
walk test (6MWT), and hand-grip strength 
measurements 

4) Patient reported outcomes assessed by NYHA 
classification, quality of life score (KCCQ, EQ-5D, 
QoL-VAD), and study adherence motivation (PHQ-9, 
HAF-17, ESSI, LOT-R, ULS-8, medication adherence, 
Trust/Mistrust in medical staff)  

5) All-cause and cardiovascular mortality 
• Clarification of the Sample Size in Part B: 

o Part B: n=35 (min. 5 with LV and min 5 with RV EHM 
placement; max. 30 per LV or RV indication) 

• Dates for planned enrolment adjusted. 
• Clarification of the time point for interim analysis: 

o Interim analysis will be performed after end of study part A 
and after 15 of the patients in Part B with either LV or RV 



administration of EHM have completed the 12 month 
follow-up. 

• Addition of Repairon GmbH as funder 
• Adjustment of the “Visit schedule and assessments–Flowchart” 

(Table 1) 
• Additions to: 

o Background and rationale (1) specification of heart failure 
prevalence and (2) target patient population  

o Scientific Background: (1) data from a Rhesus macaque 
study (heart failure model) 

o Overview of IMP: (1) information on induced pluripotent 
stem cell source material 

o Rationale for dose selection: (1) reference to data from a 
Rhesus macaque study (heart failure model), (2) examples 
of EHM dose levels displayed in Figure 1 

o Risk-benefit assessment: (1) additional information as to 
the rationale for pre-implantation initiation of immune 
suppression, (2) clarification that the “Participation in the 
BioVAT-HF study has no negative effect on the patient's 
place on the transplantation list”, (3) addition of Appendix 
19.4 with detailed “Benefit-Risk-Assessment” 

• Addition of “Information regarding COVID-19 pandemic” 
• Clarification as to informed consent procedure:  

o Patient will be given at least 24 h to provide informed 
consent before a scheduled baseline visit (Visit 2 according 
to study protocol) for baseline investigations and to 
determine patient eligibility. 

• Clarification as to the start, dosing (guideline-directed), 
monitoring (therapeutic drug monitoring), and patient 
documentation of immune suppression 

• Addition information as to rescue procedures: 
o EHM implants may be surgically removed if required as an 

emergency measure 
• Quality of life questionnaires amended: 

o Deleted: MLHFQ and SF-36 
o Added: QoL-VAD, PHQ-9, HAF-17, ESSI, LOT-R, ULS-8, 

Medication adherence, Trist/Mistrust in medical staff 
• Amendments (underlined) of the “Visit Schedule and 

assessment”: 
o Screening Visit / Study registration (Visit 1, Month -6 to 

week -2)  
o Baseline (Visit 2, Month -1 to week -2) 
o Hospital administration (Visit 4; Day -1) 
o Implantation (Visit 5; Day 0) 



o Assessments at Visit 6 (Week 2 ± 2 days) 
o Assessments at Visit 7 (Month 1 ± 7 days), Visit 8 (Month 3 

± 7 days), and Visit 9 (Month 6 ± 7 days), and Visit 10 
(Month 12 ± 7 days) 

• Addition of recommendation to review baseline investigation 
data at latest 8 days prior to scheduled implantation (day 0) to 
inform EHM Production Unit (Qualified Person) to initiate the 
EHM (IMP) release process 

• Additional information to specify “appropriate contraceptive 
measures” 

• Clarification that EuroSCORE II is to be documented at baseline 
(Visit 2) 

• Description as to the Quality of Life and Study Adherence 
Motivation studies added or amended 

• Information as to pharmacodynamics amended  
• Information as to adverse reactions amended  
• Information as to volume of EHM transport medium amended 
• More details as to EHM implantation procedure provided 
• Wording corrected (underlined):  

o The investigator or designee must maintain records of the 
delivery of the IMP, the use in individual trial patients, and 
the disposal of unused IMP(s). The investigator must ensure 
that the IMP is only used according to this protocol. 

• Clarification of adverse event documentation:  
o starting from the first intake of immunosuppressive 

medication (Visit 3) 
o Definition of adverse events documentation amended 

• Clarification that “Death” is always considered a serious adverse 
event 

• Clarification that in case of an expansion to a multinational-
regional clinical trial according to ICH E17 data transfer to third 
party countries may be necessary 

• Amendment as to Methods of analysis of primary and 
secondary (patient-reported outcomes) endpoints 

• Clarification that the patient informed consent document will 
be updated if changes in the benefit-risk-assessment become 
apparent 

Version 3,  
22 December 2020 

• Dates for planned enrolment adjusted 
• Amendment of the timing for the Screening Visit (Baseline 1 – 

Visit 1) to any time, but no later than 24 h before the Baseline 2 
(Visit 2), i.e., the minimal time allowed for informed consent 
decision by a prospective BioVAT-HF patient 

• Clarification that patient registration will be after informed 
consent at Baseline 2  



• Psychosocial analysis to assess medication adherence added to 
Baseline 2 investigation; description for psychosocial anamnesis 
added under “Assessments and specifications”   

• Addition of HBsAg, Anti-HCV, Anti-HIV, and Anti-HTLV-1 testing 
to Baseline 2 (Visit 2) 

• Clarification as to blood sample collection for the assessment of 
circulating cell-free allograft DNA added 

• Deletion of handling descriptions at point-of-care deleted, 
because available to investigators in a separate protocol 
(Assembly log) 

• Amendment of Data Archiving information according to §15 
Transplantationsgesetz (German Transplant Act) 

Version 4.2,  
3 March 2021 

• Addition of pre-surgery chest x-ray to Visit 4 (Hospital 
Administration) to exclude acute, new-onset pneumonia if 
clinically suspected 

• Addition of post-surgery chest x-ray investigations ~2 h after 
EHM implantation and ~2 h after chest drainage removal 

• Extension of the description of the EHM Implantation 
procedure 

Version 5.1,  
3 November 2021 

• Replacement of cardiac MRI by cardiac CT in patients with MRI 
artefacts due to metal implants or other ineligibilities (e.g., 
claustrophobia); description added under “Assessments and 
Specifications” 

Version 5.2,  
10 November 2021 

• Change of sponsor representative 
• Clarification that a minimum of 2-4 patients must be included in 

each dose step of Part A (Dose Escalation) 
• Clarification that: 

o data from Part A (Dose Escalation) after treatment of 4 
patients with the as per protocol maximal feasible dose 
(MFD) will be reported to the DSMB for the assessment as 
safe maximal dose (SMD) and continuation into Part B 

o safety and efficacy data obtained in patients with the SMD 
in Part A will be included into the interim analysis of Part B. 
The interim analysis will be performed after 15 patients 
treated with the SMD have reached 3 months follow-up (FU 
3). 

Version 6,  
13 August 2024 

• Mandatory transition from EudraCT (2019-000885-39) to CTIS 
(EMA Clinical Trials Information System) with assignment of EU 
CT No: 2024-515708-38-01 requiring the following changes to 
the protocol: 

o Deletion of Coordinating Investigator role 
o Clarification of Adverse Event (AE) documentation, Serious 

Adverse Event (SAE) Definition (including Suspected 



Unexpected Serious Adverse Reactions [SUSARs]), and 
Reporting policies 

o Amendment of sections on “Reporting of Pregnancies”, 
“Reporting of Special Situations”, “Reporting of product 
deficiencies / complaints concerning study medication”, 
“Reporting of Serious breaches and urgent safety 
measures”, and “Development Safety Update Reports 
(DSUR)” according to EMA guidelines. 

• Dates for planned enrolment adjusted 
• Change of the for the IMP manufacturing responsible and 

qualified person 
• Clarification that two informed consent forms must be signed in 

original by the study patient and the investigator; one duly 
signed informed consent form will be kept by the patient and 
one duly signed informed consent form will be added to the 
Investigator Site File. 

Version 7,  
20 November 2024 

• Clarification as to the use of guideline-directed immune 
suppression including combinations of Calcineurin-inhibitors 
and mTOR-inhibitors as well as Calcineurin-inhibitor free 
protocols in patients with cardiorenal syndrome  

• Clarification as to the use of guideline-directed use of 
antibiotics  

• Clarification as to the utility of cardiac MRI (limited in the target 
patient population) and cardiac CT 

• Clarification as to the assessment of CK-MB only if CK is 
elevated 

• Clarification as to the assessment of hs-cTnT  
• Addition of cystatin C for the assessment of renal function 
• The following inclusion criteria were modified (underlined) for 

the Part B protocol according to the clinical trial investigators’ 
recommendations to better allocate the target patient 
population with advanced heart failure in agreement with 
current guidelines: 

o Symptomatic heart failure (NYHA II-IV) with reduced ejection 
fraction (HFrEF with LV-EF ≤35%) as assessed by 
echocardiography 

o Patients under guideline-directed medical therapy 
o NT-proBNP >300 pg/mL for patients in sinus rhythm or >900 

pg/mL if in atrial fibrillation  
o History of previous heart failure hospitalization in the past 

12 months 
o At least one hypo- or dyskinetic segment or dilated heart 

chamber to demark the implant target area 



o The requirement for previous implantation of an ICD or 
CRT-D with event recorder was deleted 

• The following inclusion criterion was deleted as per clinical 
study physician request: 

o Autoimmune disease – study physicians will consider 
autoimmune diseases on a case-by-case basis as condition 
that may exclude adherence to study protocol (exclusion 
criterion #8)  

• Adjustment of primary endpoints in consideration of (1) in 
clinical practice reliably measurable parameters and (2) 
measures appropriate for a subsequent pivotal trial: 
o Structural endpoint: Change from baseline in EHM target 

heart wall thickness (HWT) measured by echocardiography 
or cardiac CT or cardiac MRI over 12 months  

o Functional endpoint: Change from baseline in left/right 
ventricular ejection fraction (LV-EF/RV-EF) measured by 
echocardiography or cardiac CT or cardiac MRI in the LV/RV 
cohorts over 12 months  

o Patient reported outcome/quality of life: Change from 
baseline in Kansas City Cardiomyopathy Questionnaire-23 
Overall Summary Score (KCCQ-23 OSS) over 12 months 

• Adjustments (underlined) of secondary endpoints in 
consideration (1) in clinical practice reliably measurable 
parameters and (2) measures appropriate for a subsequent 
pivotal trial: 

o Time to mechanical circulatory assist device implantation 
o Time to heart transplantation 
o Functional status in patients as determined by 

cardiopulmonary stress testing (VO2max), six-minute walk 
test (6MWT) - distance, and hand-grip strength 
measurements  

o Patient reported outcomes assessed by NYHA classification, 
quality of life score (EQ-5D-5L), and study adherence 
motivation (HADS, MoCA, IPQ-8, TEX-Q, medication 
adherence) 

o All-cause and cardiovascular mortality 
• The following primary and secondary endpoints were deleted: 

o Target heart wall thickening fraction – questionable 
whether reliably measurable in clinical routine practice (will 
be assessed as an exploratory endpoint) 

o Left Ventricular-Ejection Fraction – adjusted to co-primary 
endpoint 



o Change in heart failure medication – recommended heart 
failure medication similar in NYHA I-IV (will be continued as 
an exploratory endpoint) 

o Patient reported outcome measures – QoL-VAD, PHQ8, HAF 
17, Trust/Mistrust in medical staff – deleted to reduce the 
to workload on patients and clinical investigators 

• Clarification of statistical analysis: 
o Baseline 2 (Visit 2) as reference time point  
o independent testing of the hypothesis of a positive trend 

over 12 months for the three primary endpoints with type-
1 error control using the Hochberg procedure 

o assessment of time to event outcomes such as the time to 
mechanical assist device implantation or the time to heart 
transplantation will be displayed using Kaplan-Meier 
curves. If sufficient number of events occurred, Cox 
regression analyses will be applied 

• Adjustment of the estimated duration of the surgical 
intervention per patient in Part B according to experience 
gained in Part A 

• Indication of a scheduled increase in participating sites in and 
outside Germany  

• Adjustment of the “Visit schedule and assessments – 
Flowchart” (Table 1) 

• Update and clarifications  of: 
o Background and rationale (1) specification of heart failure 

prevalence and (2) target patient population (advanced 
heart failure) 

o Scientific Background: (1) data from a Rhesus macaque 
study (heart failure model) and (2) experience from 13 
patients treated in Part A of BioVAT-HF 

o Overview of IMP: (1) experience from 13 patients treated in 
BioVAT-HF Part A and (2) registered clinical trials testing 
pluripotent stem cell implantation in heart failure  

o Trial purpose and rationale: (1) targeting of LV and RV (in 
Part B) with hypo- or dyskinesia or a dilated heart chamber, 
and (2) endorsement of continuation into Part B by the DDC 
and DSMB with LV and RV treatment. 

o Choice of control interventions/comparators: outcome in 
BioVAT treated patients will be compared to outcome in 
patients that were recruited (in the VAT-registry) and/or 
found eligible (completed Baseline 2), but were not treated 

o Dose selection: rationale for SMD selection for Part B LV 
and RV administration 



o Risk-benefit assessment: experience from preclinical and 
clinical investigations added 

o Evaluation of primary / secondary objectives and 
endpoints: experience from 13 patients treated in BioVAT-
HF Part A  

o Trial design: extension of Part A protocol until treatment of 
in total 18 patients (14 treated with the SMD) before 
transition into Part B protocol. 

o Preclinical data: additional Rhesus macaque data included 
o Pharmacodynamics: additional experience from preclinical 

and BioVAT-HF Part A included 
o Adverse reactions: experience from BioVAT-HF Part A 

included   
• Clarification as to the proceeding with RV treatment in Part B 

of BioVAT-HF 
• Clarification as to the decision to continue immune 

suppression (under regular prescription) off-study by the 
responsible clinical investigator after individual data review 
and patient consent as well as inclusion in VAT-registry (under 
a separate informed consent) for continuous monitoring until 
end-of-life, heart transplantation or implantation of a 
mechanical assist device 

• Clarification that patients waiting for EHM implantation will be 
asked to enrol into the VAT-registry (under a separate 
informed consent) to obtain information as to disease 
progression 

• Amendments (underlined) of the “Visit Schedule and 
assessment”: 
o Baseline (Visit 2, Month -3 to week -2) 
o Hospital administration (Visit 4; Day -6 [or at the clinical 

investigator’s discretion] to day -1) 
o Assessments at Visit 6 (1-2 days before release from the 

hospital at the clinical investigator’s discretion) 
• Clarification as to laboratory assessments: (1) additional 

assessment of procalcitonine as a measure of inflammation, 
(2) additional assessment of BUN and cystatin C to assess 
kidney function, (3) assessment of CK-MB at the discretion of 
the clinical investigator if CK is not elevated   

• Clarification as to the preferred mode of echocardiography 
(transthoracic) and in case of poor image quality addition of 
contrast agent 

• Clarification as to the preference for MRI only if high quality 
data can be anticipated 



 

• Additional documentation of INTERMACS at baseline (Visit 2) 
and follow-up 5 (Visit 10); description of the proceeding 
included in protocol  

• Clarification that Baseline (Visit 2) data will be reviewed (case 
conference) before the start of immune suppression; deletion 
of the previous recommendation to hold the case conference 
at latest 8 days prior to implantation 

• Omission of (1) echocardiography, (2) cardiac MRI, (3) 6-
minute walk test, (4) cardiopulmonary exercise testing, (5) 
hand-grip strength assessment, (6) quality of life and patient 
reported outcome questionnaires at Visit 6, i.e., prior to 
release from hospital to reduce the burden on patients and 
investigators  

• Adjustment of follow-up to reduce burden and workload on 
patients and clinical investigators: 
o Cardiac CT at visits 8 and 10, i.e., 3 and 10 months post 

implant 
o Cardiac MRI at visits 8, 9, and 10, i.e., 3, 6, and 10 months 

post implantation at the clinical investigator’s discretion 
instead of cardiac CT if found to provide reliable 
information (limited in patients with devices, metal 
implants) 

o 6-minute walk test at visits 8, 9, and 10 i.e., 3, 6, and 10 
months post implantation  

o Cardiopulmonary exercise testing at visits 8, 9, and 10 i.e., 
3, 6, and 10 months post implantation 

o Hand grip strength assessment at visits 8, 9, and 10 i.e., 3, 
6, and 10 months post implantation 

o KCCQ-23 at visits 8 and 10 i.e., 3 and 10 months post 
implantation 

o EQ-5D-5L at visits 8 and 10 i.e., 3 and 10 months post 
implantation 

o HADS at visits 8 and 10 i.e., 3 and 10 months post 
implantation 

o MOCA at visits 8 and 10 i.e., 3 and 10 months post 
implantation 

o Medication adherence at visits 8 and 10 i.e., 3 and 10 
months post implantation 

• Clarification that KCCQ-23 and not KCCQ-12 is assessed 
• Clarification that the DDC member constitute the clinical 

endpoint adjudication committee (EAC) 



 

 

Statistical Analysis Plan – Interim Analysis for Part A + B 

Version: 1.0 Date: 17.09.2025 

Safety and Efficacy of Induced Pluripotent Stem Cell-derived Engineered Human 
Myocardium as Biological Ventricular Assist Tissue in Terminal Heart Failure 

 BioVAT-HF 

Study Protocol  Version 7.0 / 20.11.2024 

EudraCT No. 2024-515708-38-01 

Clinicaltrials.gov-No.  NCT04396899  

FOMA-ID 02289 

Therapeutic area Terminal heart failure 

SAP Version 1.0/17.09.2025  

Sponsor 
 

University Medical Center Göttingen 
Robert-Koch-Straße 40  
37075 Göttingen, Germany 

Coordinating Scientist Prof. Dr. Wolfram-Hubertus Zimmermann 
University Medical Center Göttingen 
Department of Pharmacology and Toxicology  
Robert-Koch-Straße 40  
37075 Göttingen, Germany 



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 

Confidential Page 2 of 20 

Approval of the Statistical Analysis Plan 

BioVAT-HF 

Clinicaltrials.gov-No.: 2024-515708-38-01 

SAP Version No: 1.0/17.09.2025 

Prof. Dr. Wolfram-Hubertus 
Zimmermann 

Coordinating Scientist Date Signature 

Prof. Dr. Tim Friede

Biostatistician  Date Signature 

17. Sept. 2025

friede
Schreibmaschine
17 SEP 2025



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 
 

Confidential  Page 3 of 20 

Table of Contents 

Statistical Analysis Plan – Interim Analysis for Part A + B ............................................... 1 
Approval of the Statistical Analysis Plan ........................................................................... 2 
Table of Contents ................................................................................................................. 3 
List of Figures ...................................................................................................................... 5 
List of Tables ........................................................................................................................ 5 
List of Abbreviations ........................................................................................................... 6 
1 Introduction ................................................................................................................... 7 

1.1 Background and Rationale ..................................................................................... 7 
1.2 Objectives and Endpoints ....................................................................................... 7 
1.3 Primary objective and endpoint .............................................................................. 7 

1.3.1 Safety .............................................................................................................. 7 
1.3.2 Efficacy ........................................................................................................... 7 

1.4 Secondary objectives and endpoints ...................................................................... 8 
1.4.1 Safety .............................................................................................................. 8 
1.4.2 Efficacy ........................................................................................................... 8 

2 Study methods .............................................................................................................. 8 
2.1 Trial design ............................................................................................................ 8 
2.2 Sample Size ........................................................................................................... 9 
2.3 Timing of the Interim Analysis ................................................................................ 9 
2.4 Timing of Outcome Assessments ........................................................................... 9 

3 Statistical Principles ................................................................................................... 10 
3.1 Confidence intervals and p-values........................................................................ 10 
3.2 Analysis population for the interim analysis .......................................................... 10 

4 Trial population ........................................................................................................... 11 
4.1 Screening data ..................................................................................................... 11 
4.2 Eligibility ............................................................................................................... 11 
4.3 Withdrawal/follow-up ............................................................................................ 11 
4.4 Baseline patient characteristics ............................................................................ 11 

5 Analysis ....................................................................................................................... 11 
5.1 eCRF Forms ........................................................................................................ 11 
5.2 Analysis methods ................................................................................................. 12 

5.2.1 Descriptive statistics ...................................................................................... 12 
5.2.2 Adjustments for Multiple Testing .................................................................... 14 
5.2.1 Safety endpoints............................................................................................ 15 
5.2.2 Primary efficacy endpoints ............................................................................ 16 
5.2.3 Secondary endpoints ..................................................................................... 16 
5.2.1 Safety endpoints............................................................................................ 18 

5.3 Statistical software ............................................................................................... 19 
5.4 References ........................................................................................................... 20 

 



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 
 

Confidential  Page 4 of 20 

  



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 
 

Confidential  Page 5 of 20 

List of Figures 

Figure 1. Example for visual presentation of longitudinal data (5 patients) ................................ 14 

 

List of Tables 

Table 1. Example for summarizing baseline data (5 patients) ................................................... 13 

Table 2. Example for summarizing longitudinal data (5 patients) ............................................... 13 

 

  



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 
 

Confidential  Page 6 of 20 

List of Abbreviations 

AAD Antiarrhythmic drug 

ADE  Adverse device effect 

AE  Adverse event 

AF  Atrial fibrillation 

BioVAT Biological Ventricular Assist Tissue 

CPET Cardiopulmonary exercise testing 

CT Computed tomography 

CWTh Contralateral (untreated) heart wall thickness 

EHM Engineered Human Myocardium 

LV-EF Left ventricular ejection fraction 

MRI Magnetic resonance imaging 

RV-EF Right ventricular ejection fraction 

KCCQ-23  Kansas City Cardiomyopathy Questionaire – 23 

OSS Overall Summary Score 

pVO2 peak oxygen consumption 

SMD Safe maximal dose 

TAPSE Tricuspid annular plane systolic excursion 

TWThd (EHM) Target heart wall thickness in diastole 

FU Follow Up 

MMRM Mixed Model Repeated Measures 

IA Interim Analysis 
  



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 
 

Confidential  Page 7 of 20 

1 Introduction 

1.1 Background and Rationale  

[see study protocol, V7.0, dated 20.11.2024] 

This SAP specifies the statistical analyses for the interim analysis including patients of Parts A 
and B of the study. The interim analysis is triggered when 15 patients (including patients from Part 
A) have been implanted on the LV with the SMD or 5 patients have been implanted on the RV with 
at least 3 months follow-up completed after the 15th patient with the SMD is treated. 

All available data on safety and efficacy will be presented, while hypothesis testing will focus on 
data up to 3 months follow-up as this will already be available for all patients treated with SMD at 
the timepoint of the IA. 

 

1.2 Objectives and Endpoints 

1.3 Primary objective and endpoint 

1.3.1 Safety  

The primary safety objective of BioVAT-HF is the identification of a safe maximal dose (SMD). The 
primary safety endpoint is defined as any adverse event related to the EHM implant, including 
in particular arrhythmic events and worsening of disease progression within 28 days (Part A) and 
the whole study duration (Part B). 

1.3.2 Efficacy 

The primary efficacy objective is the identification of the efficacious therapeutic utility of 
engineered human myocardium (EHM) in patients with advanced heart failure (HFrEF EF ≤35%) 
despite optimal guideline-directed therapy without (in case of left ventricular [LV] administration) 
or with (in case of left ventricular [RV] administration) RV dysfunction (TAPSE <16 mm). The 
primary efficacy endpoint is defined as evidence for structural and functional augmentation of 
target heart wall by remuscularization as well as patient reported outcome (symptoms) as 
described by three individually measured primary endpoints: 

 
• Structural endpoint:  

Change from baseline in EHM target heart wall thickness in diastole (TWThd) measured 
by echocardiography or cardiac CT or cardiac MRI at 3, 6, and 12 months FU 

• Functional endpoint: 
Change from baseline in left ventricular ejection fraction (LV-EF) measured by 
echocardiography or cardiac CT or cardiac MRI in the LV/RV cohorts at 3, 6, and 12 
months FU 

• Patient reported outcome/quality of life: 
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Change from baseline in Kansas City Cardiomyopathy Questionnaire-23 Overall 
Summary Score (KCCQ-23 OSS) at 3 and 12 months FU 

1.4 Secondary objectives and endpoints 

1.4.1 Safety 

The secondary safety endpoints are defined as  
• Frequency of major adverse cardiac events (MACE; non-fatal myocardial infarction, non-

fatal stroke, and cardiovascular death) 
• Frequency and severity of arrhythmic events 
• Frequency of mechanical perturbation of ventricular function by EHM graft 
• Frequency of immune rejection (DSA, CK/CK-MB, cTnT, circulating cell-free allograft DNA 

[exploratory substudy]) 

1.4.2 Efficacy 

The secondary efficacy objectives of BioVAT-HF are  
• To assess effects of EHM-grafts on disease-specific events and symptoms 
• Identification of an optimally effective dose range (Part A) 
 
The key secondary efficacy endpoint is   

• Frequency of recurrent hospitalizations for worsening of heart failure 
 

Further secondary efficacy endpoints are 
• Change in functional status in patients as determined by six-minute walk test (6MWT; key 

endpoint: six-minute walk distance), cardiopulmonary exercise testing (CPET; key 
endpoint pVO2), and hand-grip strength 

• Change in patient reported outcomes assessed by NYHA classification, quality of life score 
(KCCQ-23, EQ-5D-5L, QoL-VAD) and study adherence motivation (PHQ-9, HAF-17, ESSI, 
LOT-R, ULS-8, Medication adherence, Trust/Mistrust in medical staff) 

• Time to mechanical circulatory assist device implantation. 
• Time to heart transplantation 
• All-cause and cardiovascular mortality 

2 Study methods 

2.1 Trial design 

This is a combined, open-label, 2-stage, phase I/II safety and efficacy study investigating induced 
pluripotent stem cell-derived engineered human myocardium (EHM) as biological ventricular 
assist tissue (BioVAT) in patients with advanced heart failure. A maximum of 53 patients will be 
recruited over 60 months. The study consists of two consecutive parts (see study protocol, V7.0, 
dated 20.11.2024, Fig. 2). 
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Within Part A, a dose finding regimen to determine the Optimally Effective Dose Range and if 
possible the Safe Maximal Dose (SMD) of EHM will be applied (Fig. 2). A minimum of 8 and a 
maximum of 18 patients will be included with a minimum of 4 patients treated with the identified 
MFD. 

The dose finding part of the BioVAT-HF FIH study (Part A) has been completed in December 2022 
after 28 days of uneventful follow-up after treatment of 4 patients with the MFD.  

DDC, DSMB, CEC, PEI approved extension of Part A to a maximum of 18 patients. 

DSMB, PEI and CEC endorsed transition into Part B in Q1/2025. They endorsed treatment of the 
RV with the same dose determined as SMD for the LV.  

First patient treated under Part B protocol (CTP V7) was in June 2025. 2 Patients have been 
treated under the Part B protocol (V7). All others under CTP V6.  

As of September 2025 there has been no treatment of RV so far. 

2.2 Sample Size 

18 patients were included in Part A with 14 patients treated with the identified MFD and with 12 
patients with at least 28 days of follow-up. Up to 53 patients are planned to be treated in the trial. 

The required number of patients to be enrolled results as a total of the numbers needed for the 
two parts of the trial. A maximum of n=18 patients in dose finding cohorts of n=2-4 patients is 
planned for the first part (Part A). This number of patients is not uncommon for phase I dose-
escalation studies and can be justified through simulation studies. In the second part (Part B), 
n=35 patients in two cohorts (min. 5 per LV and RV cohort) will be treated with a focus on the most 
feasible, safe, and effective approach. In Part B, sample size planning is based on the three 
individually measured co-primary endpoints: (1) change of target heart wall thickness in diastole, 
(2) change of left (in case of LV treatment) or right (in case of RV treatment) ventricular ejection 
fraction, and (3) patient reported outcome assessed by KCCQ-23 OSS. In a pre-post comparison 
of means a sample size of 30 patients yields a power of 80% (90%) to detect a standardized mean 
difference (Cohen’s d) of 0.47 (0.55) at a two-sided significance level of 10%. As this is an early 
study to evaluate trends the slightly larger than usual significance level is justified (Kianifard and 
Islam, 2011). A total number of up to n=35 patients will be recruited in Part B. Collectively, a total 
of n=53 patients may be treated in the entire study. Calculations were done using the statistical 
software nQuery (version 8.3). 

2.3 Timing of the Interim Analysis 

The interim analysis will be carried out when 15 patients (including patients from Part A) have 
been implanted on the LV with the SMD or 5 patients have been implanted on the RV with at least 
3 months follow-up completed after the 15th (LV implantation) or 5th (RV implantation) patient is 
treated with the in Part A determined SMD. 

2.4 Timing of Outcome Assessments 

There are 9 planned trial visits (V2-V10 after the screening visit [V1]) at which outcomes are 
assessed (timepoint [time slot]): 
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• V1: Informed consent (at least 24 h before V2) 

• V2: Baseline (day -84 to day -14) 

• V3: Start of Immunosuppression (day -10 to day -4) 

• V4: Hospital Admission (day -6 to day -1) 

• V5: Implantation (day 0) 

• V6: Follow Up 1 (before release from the hospital) 

• V7: Follow Up 2 (day 28±7 – 1 month visit) 

• V8: Follow Up 3 (day 84±7 – 3 months visit) 

• V9: Follow Up 4 (day 168±7 – 6 months visit) 

• V10: Follow Up 5 (day 336±7 – 12 months visit) 

 

Note: 28 days are considered one month. 

3 Statistical Principles 

3.1 Confidence intervals and p-values 

Testing is performed to a two-sided significance level of 10% and a one-sided significance level 
of 5%, respectively. 

P-values ≥0.001 will be reported to 3 decimal places; p-values less than 0.001 will be reported as 
“<0.001”. The mean, standard deviation, and any other statistics other than quantiles, will be 
reported to one decimal place greater than the original data. Quantiles, such as median, or 
minimum and maximum will use the same number of decimal places as the original data. 
Estimated parameters, not on the same scale as raw observations (e.g. regression coefficients) 
will be reported to 3 significant figures, and will be accompanied by 90%-confidence intervals 
whenever possible. 

3.2 Analysis population for the interim analysis 

The interim analysis will present data of all patients that received an EHM implant (20). The 4 low 
and middose patients will only be included in the descriptive statistics and safety analyses, while 
16 patients treated with the SMD up to the timepoint of this interim analysis will also be part of the 
efficacy analyses. One of the 16 patients was implanted with 19xEHM instead of 20xEHM and will 
be analysed among those “treated with SMD” as the intention was to treat this patient with the 
highest dose. 
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4 Trial population 

4.1 Screening data 

[see study protocol, V7.0, dated 20.11.2024, for inclusion and exclusion criteria] 

4.2 Eligibility  

[see study protocol, V7.0, dated 20.11.2024, for inclusion and exclusion criteria] 

4.3 Withdrawal/follow-up 

[see study protocol, V7.0, dated 20.11.2024, for inclusion and exclusion criteria] 

4.4 Baseline patient characteristics 

All continuous variables will be summarised using the following descriptive statistics: n (non-
missing sample size), mean, standard deviation, median, maximum and minimum. The frequency 
and percentages (based on the non-missing sample size) of observed levels will be reported for 
all categorical measures. In general, all data will be listed, sorted by site, treatment and subject, 
and when appropriate by visit number within subject. All summary tables will be structured with a 
column for each treatment and will be annotated with the total population size relevant to that 
table/treatment, including any missing observations. 

Summary statistics will be provided for variables summarizing subject disposition, protocol 
deviations, demographic characteristics, baseline characteristics, concurrent illnesses and 
medical conditions, prior and concurrent medications.  

5 Analysis 

5.1 eCRF Forms 

The interim analysis presents all data points captured in the eCRF (secuTrial) as listed in the 
following forms (captured at) 

• Inclusion and Exclusion Criteria (Baseline)    

• Anamesis an Clinical Diagnosis (Baseline)    

• Physical examination (Hospital Admission, FU1, FU2, FU3, FU4, FU5) 

• Laboratory diagnostics (Baseline, Hospital Admission, FU1, FU2, FU3, FU4, FU5) 

• Blood draw for allograft DNA assessment (Baseline, FU1, FU2, FU3, FU4, FU5) 

• Electrocardiogram (Baseline, Hospital Admission, FU1, FU2, FU3, FU4, FU5) 

• Echocardiography* (Baseline, Hospital Admission, FU1, FU2, FU3, FU4, FU5) 
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• Magnetic resonance imaging and Computed Tomography** (Baseline, FU1, FU3, FU4, 
FU5) 

• 6MWT (Baseline, FU1, FU2, FU3, FU4, FU5) 

• Spiroergometry (Baseline, FU1, FU2, FU3, FU4, FU5) 

• Hand grip strength (Baseline, FU1, FU2, FU3, FU4, FU5) 

• EuroScore II (Baseline) 

• Quality of life questionnaires (Baseline, FU1, FU3, FU5) 

• Surgical Procedure (Implantation) 

• ICD/CRTD-event recorder readout (Baseline, Hospital Admission, FU1, FU2, FU3, FU4, 
FU5) 

• TDM Calcineurin Inhibitors (Immunosuppression, Hospital Admission, FU1, FU2, FU3, 
FU4, FU5) 

• Hospitalization for heart failure decompensation (any time) 

• Concomitant medications (any time) 

• Concomitant therapy (any time) 

• Protocol deviation (any time) 

• End of study (permanent withdrawal of immune suppression, death, heart transplantation) 
(any time) 

• Adverse Event (any time) 

• Serious Adverse Event (any time) 

 

*Echocardiography data will be evaluated at the study centers (LV-EF) and by a Core-Lab 
(Leuven). 

**Magnetic resonance imaging and Computed Tomography will be analysed by a Core-Lab 
(Göttingen). 

5.2 Analysis methods 

5.2.1 Descriptive statistics 

Outcomes in the above mentioned eCRF forms are either captured only at one visit, e.g. the 
Baseline visit or at several visits (Baseline, Hospital Admission, FU1, FU2,…, FU5).  

In case of single measurements at only one visit, data will be summarized in a table containing 
each data point for each patient and each item of the corresponding eCRF form as well as 
summary statistics (e.g. mean, standard deviation for continuous variables/items, frequencies and 
percentages for categorical variables). For example, the Anamnesis Form is only captured at 
baseline. Date of examination is a nominal variable, therefore for each patient the examination 
dates will be shown, but now summary statistic calculated. Sex is a categorical variable. Each 
input (male, female) will be presented as well as frequencies (percentages) summarizing all 
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patients. Age is a continuous variable and will be summarized using the mean and standard 
deviation. Table 1 gives an example.  

Table 1. Example for summarizing baseline data providing data on individual participants 
and summary statistics (5 patients) 

Item Pat1 Pat2 Pat3 Pat4 Pat5 
1. Date of examination 2021-02-04 2021-05-07 2021-06-11 2021-10-31 2022-03-20 
2. Sex female male  male female male 
- female: 2 (40%)           
- male: 3 (60%)           
3. Age [years] 49 61 63 66 52 
- Mean (SD): 58.20 (7.33)           
4. ….      

 

eCRF Forms that capture longitudinal measurements, e.g. laboratory measurements at Baseline, 
FU1, FU2,…,FU5, will be presented showing each patients progress as well as the number of 
documented observations at each visit and a suitable summary statistic. Continuous variables will 
be visualized by line plots showing each patients progress over time along with the number of 
observations and the mean progress accompanied by pointwise 95% confidence intervals.  For 
example Haemoglobin is a laboratory item captured at Baseline, Hospital Admission, and each of 
the five Follow Up visits. It is a continuous variable. Table 2 shows the raw data presentation while 
Figure 1 gives a visualization. 

Table 2. Example for summarizing longitudinal data (5 patients) 

Item Summary 
Baselin

e 
Hosp 
Adm FU 1 FU2 FU3 FU4 FU5 

1. 
Haemoglobin 
[g/dl] 

-  Mean 
(SD) 

43.10 
(3.36) 

45.08 
(4.76) 

42.62 
(5.76

) 
44.64 
(2.37) 

39.56 
(5.26) 

39.88 
(5.08) 41.43 (0.21) 

  -  N 5 5 5 5 5 4 3 
  Pat_01 45.7 48.4 36.3 45.4 43.7 41.6 #NV 
  Pat_02 40.1 43 46.8 46.8 44.6 42.7 41.5 
  Pat_03 40.4 37.9 45.4 44.4 36 #NV #NV 
  Pat_04 47.6 46.3 36.5 45.9 32.3 32.3 41.6 
  Pat_05 41.7 49.8 48.1 40.7 41.2 42.9 #NV 
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Figure 1. Example for visual presentation of longitudinal data (5 patients) 

 

Forms without visit affiliation, e.g. Adverse Events, Serious Adverse Events, are presented as line 
listings of all documented cases. Items that can be summarized will be shown in an accompanying 
table giving frequencies and percentages.  

 

5.2.2 Adjustments for Multiple Testing 

Error control across multiple looks 

Since hypothesis testing in this interim analysis focusses on all available data up until the three 
months follow up while the final analysis is focussed on outcomes at 12 months follow up, we will 
not employ type I error spending functions to ensure type I error rate control. 

 

Error control across multiple endpoints 

There are three primary endpoints that will be assessed independently. 

The three primary endpoints will be tested two-sided at a significance level of 10%. Type I error 
rate control across those three tests will be ensured by using the Hochberg procedure 
(Hochberg, 1988). The primary outcomes are: 

• Change from baseline in EHM target heart wall thickness in diastole (TWThd) measured 
by echocardiography or cardiac CT or cardiac MRI at 3 months FU 



 BioVAT-HF, Statistical Analysis Plan – Interim Analysis Part A + B V1.0/[17.09.2025] 
 

Confidential  Page 15 of 20 

• Change from baseline in left (in case of LV EHM implantation) or right (in case of RV EHM 
implantation) ventricular ejection fraction (LV-EF/RV-EF) measured by echocardiography 
or cardiac CT or cardiac MRI in the LV/RV cohorts at 3 months FU 

• Change from baseline in Kansas City Cardiomyopathy Questionnaire-23 Overall Summary 
Score (KCCQ-23 OSS) at 3 months FU 
 

Secondary endpoints will only be tested if all three primary hypotheses were rejected. 

The secondary endpoints are: 

• Recurrent hospitalizations for worsening of heart failure (complete FU) 
• Change in 6-minute walk distance from baseline at 3 months FU 
• Change in VO2max from baseline at 3 months FU 
• Change in hand-grip strength from baseline at 3 months FU 
• NYHA functional class over 3 months FU 
• Change in EQ-5D-5L VAS from baseline at 3 months FU 
• Other Patient-reported outcomes (HADS, KCCQ subscales, MoCA, medication 

adherence, B-IPQ, TEX-Q) at 3 months FU 
• Time to mechanical circulatory assist device implantation 
• Time to heart transplantation 

 
All secondary endpoints will be tested at a nominal significance level of 10% two-sided. 

5.2.1 Safety endpoints 

Frequencies and proportions of patients with one of the following safety endpoints will be reported 
with Clopper-Pearson exact confidence intervals. 
 

• All-cause mortality 
• Cardiovascular mortality 
• Any adverse event related to the EHM implant 

• Any adverse event related to the surgical procedure 
• Any adverse event related to the immune suppression protocol 
• Frequency of major adverse cardiac events (MACE; non-fatal myocardial infarction, non-

fatal stroke, and cardiovascular death) 
• Frequency and severity of arrhythmic events 
• Frequency of mechanical perturbation of ventricular function by EHM graft 
• Frequency of immune rejection (DSA, CK/CK-MB, cTnT, circulating cell-free allograft DNA) 

 

 

bt <- binom.test(x, n, conf.level = 1 - alpha) #x=No_success, n=sample size 
bt$conf.int   # exact Clopper-Pearson interval 
bt$estimate   # sample proportion 
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5.2.2 Primary efficacy endpoints 

Change from baseline in EHM target heart wall thickness in diastole (TWThd), change from 
baseline in left (in case of LV EHM implantation) or right (in case of RV EHM implantation) 
ventricular ejection fraction (LV-EF or RV-EF) as well as change from baseline in KCCQ-23 
OSS at 3 months FU will be analyzed using Gaussian linear models for repeated measures (so-
called MMRM). These models use all available data (even beyond 3 months, but analyses will 
focus on 3 months FU). Assessments of changes are available at the following visits 

• EHM target heart wall thickness in diastole (TWThd) (Baseline [alternatively Hospital 
admission], FU2, FU3, FU4, FU5) 

• Left or right ventricular ejection fraction (LV-EF or RV-EF; Baseline [alternatively Hospital 
admission], FU2, FU3, FU4, FU5) 

• KCCQ-23 OSS (Baseline, FU3, FU5) 

 

and will be fitted with time (FU visit) as factor, and baseline values as covariate. The error terms 
are assumed to follow a multivariate normal distribution with unstructured covariance. 

The null and alternative hypotheses are stated as (as an example for KCCQ-23 changes from 
baseline): 

H0: µKCCQ,t = 0 vs.  

H1: µKCCQ,t ≠0, 

where µKCCQ,t represent the mean change from baseline in KCCQ-23 at time points t=FU3,FU5. 
Least squares means will be reported with 90% confidence intervals (CI) and p-value for testing 
the hypothesis at FU3 

 
 

5.2.3 Secondary endpoints 

Recurrent hospitalizations for worsening of heart failure  

The number of recurrent hospitalizations for worsening of heart failure will be analysed using 
a negative binomial regression model accounting for between-patient heterogeneity (Rogers et al, 
2014). The model accounts for varying follow-up times. The estimated event rate will be given per 
person-year with 90% confidence intervals. 

library(mmrm) 
## MMRM for differences 
mod.change<-mmrm(KCCQ_change ~  VISIT + KCCQ_BL + us(VISIT|SUBJID),  
                 primend.data, method="Kenward-Roger") 
                  
# LS-means of change at FU3 and FU5 
emm <- emmeans(mod.change, ~ VISIT) 
emm 
 
# Pairwise contrast 
contrast(emm, method = "pairwise") 
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Change in 6-minute walk distance from baseline at 3, 6, and 12 months FU 
Will be analysed along the same lines as the primary endpoints (MMRM), see above. 
Available timepoints: Baseline, FU2, FU3, FU4, FU5. P-value for testing the hypothesis at FU3 will 
be given. 
 
Change in VO2max from baseline at 3, 6, and 12 months FU 
Will be analysed along the same lines as the primary endpoints (MMRM), see above. 
Available timepoints: Baseline, FU2, FU3, FU4, FU5. P-value for testing the hypothesis at FU3 will 
be given. 
 
Change in hand-grip strength from baseline at 3, 6, and 12 months FU 
Will be analysed along the same lines as the primary endpoints (MMRM), see above. 
Available timepoints: Baseline, FU2, FU3, FU4, FU5. P-value for testing the hypothesis at FU3 will 
be given. 
 
NYHA functional class at 3, 6, and 12 months 
Longitudinal (repeated) measures of the NYHA class will be analysed using a mixed-effects 
proportional odds model with visit and baseline NYHA class as factors. The correlation in 
longitudinal assessments within the same patient will be accounted for by a random patient effect. 

The null and alternative hypotheses are stated as: 

H0: ORNYHA, t ≤ 1 vs.  

H1: ORNYHA, t > 1, 

where ORNYHA, t denotes the odds ratio (vs baseline) at time points t= FU2, FU3, FU4, FU5, 
respectively. 

The intervention effect will be reported as odds ratios (OR) with 90% confidence intervals and a 
p-value for testing the hypothesis at FU3. 

library(MASS) 
 
# Negative binomial regression 
fit_nb <- glm.nb( 
  hosp ~ 1 + offset(log(fup_time)),  
  data = df 
) 
 
# Estimated event rate (per person-year) 
lambda_hat <- exp(coef(fit_nb)[1]) 
lambda_hat 
 
# 95% CI for event rate 
confint(fit_nb) 
exp(confint(fit_nb))   # back-transformed from log-rate 
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Change in EQ-5D-5L from baseline at 3 months FU 

Will be analysed along the same lines as the primary endpoints (MMRM), see above. 

Available timepoints: Baseline, FU3, FU5. P-value for testing the hypothesis at FU3 will be given. 

 

5.2.1 Safety endpoints 

 

All-cause mortality (if reasonable number of events) 
A Kaplan-Meier curve will be shown along with survival probability estimates (Kaplan-Meier 
estimates) at 3 months, 6 months and 12 months with 95% confidence intervals. Here the bpcp 
package in R implements several methods for exact or nearly exact confidence intervals for 
Kaplan–Meier survival probabilities at fixed time points. It implements a linear rank-based (LR) 
method described by Fay & Shaw (2010). This approach provides more exact coverage than the 
standard Greenwood/log–log CIs that come from survfit(). It inverts exact binomial-type tests 
(like Clopper–Pearson does for proportions), adapted for censored survival data. 

library(ordinal) 
 
# Fit mixed-effects proportional odds model 
fit <- clmm( 
  nyha ~ visit + nyha_BL + (1 | id),  
  data = df, 
  link = "logit"   # proportional odds 
) 
 
summary(fit) 
 
# Estimated odds ratios for visits (vs reference visit) 
exp(coef(fit)) 
 
# Likelihood ratio test for visit effect 
anova(fit) 
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Cardiovascular mortality (if reasonable number of events) 
Here cumulative incidence function curves will be shown reporting the cumulative incidence of CV 
death, with non-CV death as the competing event. 
 

 
 
Time to mechanical circulatory assist device implantation (if reasonable number of events) 
Same as CV mortality (here all-cause death as competing). 
 
Time to heart transplantation (if reasonable number of events) 
Same as CV mortality (here all-cause death as competing). 
 

5.3 Statistical software 

All analyses will be performed using R, Version 4.3.1 or higher, a language and environment for 
statistical computing [1], or SAS, Version 9.4 or higher. 

library(survival) 
library(survminer) 
library(bpcp) 
 
fit <- survfit(Surv(time, status) ~ 1, data = df) 
 
# Plot KM curve with 95% CI 
ggsurvplot( 
  fit, 
  data = df, 
  conf.int = TRUE, 
  xlab = "Time (days)", 
  ylab = "Survival probability" 
) 
 
# Extract exact confidence intervals at timepoints of interest 
km_ci <- tidykmciLR( 
  fit, 
  time = c(90, 365),   # time points of interest 
  conf.level = 0.95 
) 
 
km_ci 
  

library(cmprsk) 
 
# CIF analysis: CV death (1) with non-CV death (2) competing 
cif_fit <- cuminc( 
  ftime  = df$time, 
  fstatus= df$status, 
  cencode= 0 
) 
 
# Show cumulative incidence estimates 
cif_fit 
 
# Plot CIF for CV death and non-CV death 
plot(cif_fit, xlab = "Days", ylab = "Cumulative incidence") 
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