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Background 

The primary clinical pharmacology review for dehydrated alcohol was conducted by Dr. Peter 

Hinderling (see DARRTS date: 11/ 04/ 2015). Dr. Hinderl ing has the following specific 
recommendation for the label: 

onsor 2ro2osed label in 2 . Dosacre and Administration 2. 1. Recommended Dosing, sh?uld 
b)l.il 

t tsae 
(b)(4 

Source: Clinical Pharmacology Review DARRTS date 11/04/2015 

There is consensus that septal ablation with transluminal coronary injection of alcohol results in 

reduction of LVOT in patients with hypertropic obstructive cardiomyopathy (HCM). However, 
there are differences in the overall approach of deriving dosing recommendations. Th is 
secondary review provides the basis for alternate dosing recommendations. 

Recommendation 

Section 2.1 Dosage and Administration: 

The following recommendations are also proposed to be incorporated where appropriate: 
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	 The label should specifically state that the alcohol ablation procedure must be 
performed by an interventional cardiologist. 

	 A decision to treat additional septal arteries must be based on the presence of 
significant residual LVOT gradients at rest or with provocation, technically accessible 
candidate septal arteries, and opacification of myocardium believed to be the substrate 
contributing to residual LVOT gradients. 

Key Findings 

The dosing and labeling recommendations are based on the following key aspects: 

1. A clinically relevant reduction in LVOT (at least 50%) is observed over a wide range of 
alcohol dose, on an average ranging from 0.6 mL1,2 – 4.1 mL3,4. There doesn’t seem to 
be a dose dependent increase in LVOT reduction over the dose range. There was some 
evidence for improvement in dyspnea as shown by an improvement in NYHA class but 
there was no indication of dose dependency1,3. (b) (4)

(b) (4)

2. As indicated in Dr. Hinderling’s review, there is no overt evidence of dose dependency 
over an alcohol dose range of 1.1 mL – 3.4 mL for implantation of permanent 
pacemaker or bundle branch block, the key safety events of interest4. No difference in 
long term efficacy and safety was reported when comparing low dose group (1.1 mL) 
with a high dose group (2.5 mL)5. A single retrospective registry reported higher total 
mortality in patients treated with >2 mL of alcohol compared to patients treated with 
<2 mL of alcohol5. Alcohol was identified as an independent predictor of mortality.   
However, it is not clear if this is confounded by sicker patients needing higher doses. 
Other clinical reports indicate safe use up to 5 mL of alcohol. In a retrospective analysis 
(multivariate) of data from HCM patients who underwent alcohol septal ablation (2 mL 
– 5 mL) with a follow-up of 3 years, only high provokable LVOT gradient and multiple 
septal ablation procedures were identified as independent predictors of any complete 

1 Veselka et al. Early outcomes of alcohol septal ablation for hypertropic obstructive cardiomyopathy: A European 
multicenter and multinational study.  Catheterization and Cardiovascular Interventions 2014;  84: 101-107 

2 Lawrenz et al. Prediction of completed heart block after TASH. Journal of American College of Cardiology 2007; 
49: 2356-2363 

3 Moss etal. Left ventricular function following alcohol septal ablation for symptomatic hypertropic 
cardiomyopathy. Am J Cardiol 2014; 113:1401-1404 

4 Clinical Pharmacology Review for NDA 207987. DARRTS date 11/04/2015 

5 Kuhn etal. Survival after transcoronary ablation of septal hypertropic obstructive cardiomyopathy (TASH): a 10 
year experience. Clin Res Cardiol 2008;97:234-243 
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heart blockade6. In another experience with alcohol doses up to 5 mL with a 1 year 
follow up, the safety and effectiveness of non-surgical septal reduction therapy was 
similar to those of surgery7. Hence, from a safety perspective, it is very difficult to 
justify an upper limit of alcohol dose to 2 mL as recommended by Dr. Hinderling.  
Further, in some situations this may limit the ability of the interventional cardiologist in 
achieving the desired reduction in the LVOT gradient during the procedure.  There 
doesn’t seem to be clinical experience beyond 5 mL and this may be a reasonable 
considered as the default upper limit and can provide the desired flexibility for the 
interventional cardiologists to address the underlying substrate (see point # 6 also). 

3. There is a moderate correlation (r = 0.55) between the amount of alcohol injected and 
peak MB fraction of creatine kinase (CK-MB)8. This clearly indicates that if higher 
volumes are not correctly localized, the extension of myocardial necrosis could be large 
and infarct areas remote to the obstruction area will be of concern. The potential 
consequence from a safety perspective is arrhythmogenic scar leading to ventricular 
tachycardia and intraprocedural or delayed total heart block.  Hence it is important to 
precisely identify the most proximal septal perforator of the left anterior descending 
coronary artery and localize alcohol by a functional, electrophysiologic and 
angiographic guidance of the procedure. Therefore alcohol septal ablation (ASA) 
procedures must be performed by interventional cardiologists. 

4. Literature review clearly shows that the experience with higher volumes of alcohol (> 
2mL) generally comes from earlier studies.  The recent trend is towards using lower 
amounts of alcohol injected in very small fractions6,9,10. This trend is driven by the 
observation of lack of dose dependency in achieving the desired LVOT reduction as well 
as to keep the infarct size and myocardial scar as small as possible.  

6 Schuller et al. Incidence and predictors of late complete heart block after alcohol septal ablation treatment of 
hypertropic obstructive cardiomyopathy. J Interven Cardiol 2015;28:90–97 

7 Nagueh et al.  Comparison of ethanol septal reduction therapy with surgical myectomy for the treatment of 
hypertropic obstructive cardiomyopathy.  Journal of American College of Cardiology 2001; 38: 1701 - 1706 

8 Veselka etal. Long term effects of varying alcohol dosing in percutaneous septal ablation for obstructive 
hypertropic cardiomyopathy: A randomized study with a follow-up to 11 years.  Canadian Journal of Cardiology 
2011; 27:763 – 767 

9 Lawrenz et al.  Influence of the dosage of ethanol on myocardial damage and LVOT obstruction after 
transcoronary ablation of septal hypertrophy in HOCM.  European Heart Journal 2011 

10  Manual: How to perform a safe and effective TASH.  http://www.tash-hocm.de/frame_hocm_tash.htm 
(accessed on 11/20/2015) 
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5. The ASA procedure has undergone several modifications since Sigwart first reported this 
method11. Different institutions have slightly different approaches.  For example 
Sorajja etal report slows infusion of 1 to 3 mL alcohol over a period of 3 to 5 minutes 
followed by normal saline flush (1 mL over 2 minutes).  This procedure was guided by 
myocardial contrast echocardiography12. Alternatively, Veselka etal and Kuhn also 
reported ASA guided by the assessment of the reduction of LVOT during transient 
balloon occlusion of the septal branch1,10. In this method, alcohol is infused in a 
fractionated manner of 0.05 to 0.1 mL over 1 to 2 minutes (minimum 0.3 mL; maximum 
1.5 mL) with a goal to reduce the LVOT by at least 50%.  Also the amounts of alcohol to 
be injected depend on the presenting cases.  While small amounts of alcohol may be 
sufficient for cases presenting with no contrast washout, somewhat higher amount of 
alcohol may be required for cases with moderate of pronounced washout.  Hence it 
would be very difficult to provide very specific dosing instructions that apply to all 
patients as proposed by Dr. Hinderling. 

6. Generally the first, most proximally situated, accessible septal perforator artery is 
identified for ablation. After ascertaining that it is occlusive and there is no retrograde 
spillage, alcohol is injected.    However, sometimes a major first septal may not be 
available, in those instances two small septal branches might be necessary to be 
occluded. Lastly, a decision to treat additional septal arteries could be based on the 
presence of significant residual LVOT gradients at rest or with provocation, technically 
accessible candidate septal arteries, and opacification of myocardium believed to be 
the substrate contributing to residual LVOT gradients12. In most of the studies, a single 
septal artery was ablated in majority of the patients.  However, many studies report 
experience with ablation of more than one septal artery, with the average number of 
arteries ablated > 1.  A retrospective analysis of the North American Registry reported a 
decrease in the hazard rate for mortality by 22% per vessel injected13. In this analysis, 
the number of procedures was identified as a significant risk factor for mortality (66% 
increase in the risk for mortality with each additional procedure) suggesting the 
maximization of hemodynamic response with initial ablation procedure as opposed to 
accepting high residual gradients and repeating the ablation at a later date.  Hence 
stipulating ablation of only one septal artery per ablation procedure as recommended 
by Dr. Hinderling is not justified.  

11 Sigwart U. Non-surgical myocardial reduction for hypertrophic obstructive cardiomyopathy. Lancet 1995; 
346:211 - 214. 

12 Sorajja et al. Survival after alcohol septal ablation for obstructive hypertropic cardiomyopathy. Circulation 
2012;126: 2374 - 2380 

13 Nagueh atal. Alcohol septal ablation for the treatment of hypertropic obstructive cardiomyopathy. Journal of 
American College of Cardiology 2011;58:2322 - 2328 
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Summary 

There is clear evidence that ASA results in a clinically relevant reduction in LVOT over a wide 
range of doses.  With the advances and improvement in the technique, the recent trend is 
towards using the lowest dose of alcohol to achieve the desired effect aided by real time 
monitoring of gradient. The risk with higher dose of alcohol generally stems from the 
uncertainty of extending myocardial necrosis to areas remote to the obstruction.  However, 
sicker patients may need relatively higher doses or may need more than one septal artery 
ablated to address the underlying substrate responsible for the high LVOT.  This brings in a dose 
individualization aspect based on the presenting case. As such providing specific dosing 
recommendations that apply to all patients, as proposed by Dr. Hinderling, is not possible.  As 
long as the use of alcohol for septal ablation is limited to be performed by interventional 
cardiologists, the best possible approach is to describe the literature reported experience to 
provide general guidelines for use. 
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1.0 EXECUTIVE SUMMARY 

The proposed indication for Ablysinol® is to improv exercise ca acit in patients 
with s ~tomatic, (b)!' , h ertrophic cardiom~pathy HOCM - (l>H'I 

.....,,.==-==--=-:.---..--~~.,--.-.---I~~~---~~-=----~-~~----=-=-=~~..---.-~-=-----
. HOCM, is characterized by hypertrnphy of the left ventricle (L V), predominantly the -----.interventricular septum. The manifestations of this genetically heterogeneous disease vary from 

asymptomatic or mildly symptomatic patients to patients with severe heart failure symptoms, 
angina, arrhythmia including venti·icular fibrillation (VF) and tachycardia (VT), syncope, or 
sudden cardiac death. Sudden cardiac death may be the first manifestation of the disease. HOCM 
is most often autosomal dominantly inherited with incomplete peneh'ance and variable 
expressivity. The disease prevalence is 1: 500. Current medical treatments include dmg therapy 
with beta-blockers, calcium channel blockers or anti-aIThythmics, and PTSMA or surge1y with 
septal myectomy involving cardiopulmonary bypass. 

During PTSMA alcohol is injected into a targeted septal a1te1y to induce a septal infarction that 
has desirable and undesirable consequences as shown in the below scheme: 

Alcoho\ r LVEF~ LV Dimension i 

Infarct ~ Septum Diamete1:+--+ L vot Exercise Capacityt Desirable 

L Block of Conduction System, VTNF Undesirable 

where LVEF is left ventricle ejection fraction and LVOT is left venti·icular outflow gradient. 
The beneficial effects of the infarction include thinning of the hype1trophic septum, reduction of 
LVOT, increase in exercise capacity and relief of dyspnea and angina symptoms. Changes in LV 
dimension and L VEF are due to cardiac remodeling evolving over several months after PTSMA. 
Relevant negative effects of septal ablation are blockade of the conduction system, aIThythmias 
and increased m01tality. 

The listed dmg (RLD) selected by the applicant is alcohol and dexh'ose monohydrate injection, 
either as 5% alcohol and 5% dexh'ose or as 10% alcohol and 5% dexti·ose, by B. Braun Medical 
Inc. for the indication of increasing caloric intake (NDA 004586). CmTently there are no FDA 
approved dehydrated alcohol products on the market. Not-withstanding, the applicant's stated 
plan is to rely on published literature for safety and efficacy of Ablysinol. 

The efficacy pa.Ii of this 505(b )(2) subinission is based entirely on published literature and on a 
single database ofpatient level outcomes for 100 patients that were selected by the Investigator, 
Joseph Veselka, MD PhD, Depaliment ofCardiology, University Hospital Motul, Prague, Czech 
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Republic, from a cohort of 180 patients. Because of a possible selection bias these data were not 
analyzed. 

The efficacy endpoints include increase in exercise capacity, reduction in dyspnea and angina, 
LV septum thickness, and LVOT.  Safety endpoints include peri-procedural events including 
blockade of the conduction system, VF, VT and sudden cardiac death. 

Focus of Review 
The submission included 38 publications reporting on desired and undesired effects of alcohol 
injected during the PTSMA procedure. All studied patients had HOCM with septal hypertrophy 
significantly increased peak LVOT at rest and were symptomatic despite therapy with beta-
blockers, calcium channel blockers or antiarrhythmics. 

Twenty-two (22) studies were reviewed. The review focused on delineating the dose–response 
relationships between volume of alcohol injected during PTSMA and desirable and undesirable 
effects and on the relevance of the injection rate of alcohol during the procedure.  Of primary 
relevance were 4 studies with a prospective randomized design, a systematic review article that 
reviewed 42 studies/cases and 7 registry studies that were published after the systematic review 
article. The targeted clinical endpoints included exercise capacity measured as walking distance, 
energy expenditure or peak oxygen consumption during ergometry, dyspnea as measured by the 
New York Heart Association (NYHA) classification system and angina as measured by the 
Canadian Cardiovscular Society (CCS) classification system. Other relevant cardiovascular 
parameters included LVOT at rest, septal thickness, LV dimension, and LVEF. 

Attempts were also made to characterize the dose-response relationship for alcohol injected 
during the procedure regarding safety endpoints including incidence of complete AV-block, 
bundle branch block (BBB), need for implantation of a permanent pacemaker, incidence of VF 
and VT and need for implantation of cardioverter-defibrillators. 

1.1Summary of Important Clinical Pharmacology Findings 

Efficacy 

1.	 Injection of mean alcohol volumes ranging between 1 and 4 mL brings about a sufficient 
reduction of LVOT and septal thickness resulting in an increase in exercise capacity and 
improvements of the subjective clinical endpoints dyspnea and angina. The median 
increase in exercise duration, energy expenditure and peak oxygen consumption is 39, 31 
and 26%, respectively. The reduction in NYHA- and CCS classification ranges between 
1.2 and 1.6, and 0.8 and 1.7, respectively. The reduction in LVOT ranges between 48-70 
mm Hg. The initial median reduction is 70% with an initial reduction of about 50% 
immediately after injection of alcohol during ablation that can be followed by an 
additional reduction of up to 20% during the post procedural period. The size of the 
beneficial effect on NYHA score and ΔLVOT appears to be dose independent over the 1
4 mL dose range. There is no definitive evidence that alcohol volumes < 1.0 mL can 
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reduce L VOT as effectively as volumes between 1 and 4 mL. Also, the efficacy of 
alcohol volumes < 1.0 mL to improve exercise capacity, dyspnea and angina has not been 
demonstrated. In about 11% of the patients with dmg refracto1y HOCM injection of 
alcohol volumes in the 1-4 mL range does not relieve the symptoms and an ablation ofa 
second or third septal arte1y or myectomy is perfo1med. Ofnote in responders not only 
the improvement of the clinical symptoms is greater than in non-responders, but also the 
reduction in L VOT suggesting that L VOT may be predictive for clinical relief. 

2. 	 Remodeling of the heaii with gradual changes in LVOT and efficacy endpoints evolves 

over several months following ablation which may result in an additional improvement of 
the symptoms, but may also bring about a worsening of the symptoms. 

3. 	 Mai·kers such as infarct size or peak concentration of CK-MB increase in propo1iion to 
the injected alcohol volume in the 1-4 mL range. There is no ove1i explanation for the 
dose independence of the reduction in LVOT and dyspnea on the one hand and the dose 
dependency of infarct size and CK-MB on the other hand within the 1-4 mL dose range 
of alcohol. 

4. 	 No ove1i evidence was found in the randoinized, controlled studies suggesting that the 

rate of alcohol injection is critical for the size of the infarction 

Safety 
1. 	 In-hospital and late mo1i ality of PTSMA have been estimated to be 1.5 and 0.5 %, 

respectively. Patients treated with > 2.0 mL alcohol show a higher total mo1iality than 
patients treated with ~ 2.0 mL alcohol. The amount ofalcohol injected is reportedly an 
independent predictor of survival. 

2. 	 The most frequent incidence of other safety endpoints associated with PTSMA and 
injection of alcohol volumes ranging between 0.6- 4.8 mL include complete AV-block 
requiring implantation of a pennanent pacemaker (11%), right bundle branch block 
(RBBB) (46%), left BBB (6.5%) and VF (2.2%). Persistence of symptoms is reportedly 
11% and a repeat PTSMA or myectomy is necessai·y in 8.8% of cases. The available data 
are insufficient to establish an exposure-response relationship for safety endpoints other 
than mo1iality. 

3. 	 Volumes of alcohol of up to 10 mL were used for PTSMA eai·ly after inception of the 

procedure. Importantly, the investigators recognized that the risk of the procedure can be 

lowered without loss of effica.cy, and the alcohol volumes injected were gradually 

reduced over the yeai·s. 

Key Issues 

(b) (41 1. 	 The applicant's label recommends 

Reference ID: 3842457 
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2. 	 The method ofblinding reader(s) of echocardiograms was not described in the majority 
of the studies 

3. Repetitive repo1iing of the same patient data occmTed in 2 of the reviewed publications 

Resolution of the Key Issues 

1. The applicant's proposed wording of the label in Section 2. Dosage and Administration, 
2.3 Recommended Dosin , should state ' 	 !bm 

(b)(4) 

2. 	 The echocardiographic estimates for LVOT, septal thicknesss, LV diam eter and LVEF 
across different studies obtained by blinded and possibly un-blinded readers were 
remarkably consistent 

3. 	 All patients in the 4 crncial, randomized, controlled studies and in the large majority of 
the registiy studies were unique 

1.1 Recommendations 
The Office of Clinical Phannacology (OCP/DCPl) reviewed the subinitted literatme suppo1iing 

the clinical phannacology paii ofNDA 207987 and recommends approval for the indication. 

This is based on the consistent improvements in exercise capacity, dyspnea and angina after 

alcohol injection dming PTSMA to patients with symptomatic, drng refracto1y HOCM and left 

venti-iculai· outflow gradient 


The Office has the following Recommendations/Comments for the label: 

The s onsor ro osed label in 2. Dosa e and Administration 2.1. Recommended Dosing, should 

state <till~ 
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1.2 Phase 4 Requirements 
None 

Briefing 

No Briefing was held. 


2.0 QUESTION BASED REVIEW 

2.1 General Attributes of the Drug 

2.1.1 History ofRegulatory Development 
The product received orphan drng designation for the indication ti·eatment of hypertrophic 
obstructive cardiomyopathy (HOCM) in September 2013. ill a meeting in May 2013 with the 
previous sponsor, the Agency stated that a 505(b )(2) submission relying entirely on published 
data fo1i ified by study related infonnation (including protocol, case repo1i fonns, datasets, and 
study repo1i) from a recent outcome study was acceptable, and that no additional pre-clinical or 
clinical pha1macology studies were required. However, the Agency stressed that the indication 
should reflect a clinically meaningful benefit, i.e. reducing dyspnea, angina, or syncope, 
improvement of functional capacity and/or improved outcomes such as incidence ofheaii failure, 
hos italization or increased survival. However, 16

>1" 

A ossible ind1cat10n coufcl oe: "Improvmg exercise capacity in 
patients with symptomatic, bJl.il HOCM )Jl.il 

The sponsor identifies the alcohol/dextrose combination (NDA 004589) as RLD, but states that 
demonstrations of safety and efficacy of their q'lbJ<j % alcohol is based on findings from the 
literature. 

2.1.2 What are the highlights ofthe chemistry andphysical-chemical properties ofthe drug 
substance and the formulation ofthe drug product? 
The diug substance is ~ ::i% ethyl alcohol, also known as dehydi·ated alcohol, C2H50 H, with a 
moleculai·weight of 46.1 Daltons. Alcohol is water soluble. 

2.1.3 What are the proposed mechanisms ofaction and therapeutic indications? 
Disease Chai·acteristics 
HOCM is characterized by a hype1irophy of the left ventricle, predominantly the inte1ventricular 
septum, resulting in an elevated outflow gradient of the left ventricle, LVOT, and a diastolic 
dysfunction. The manifestations of disease vary from asymptomatic or Inildly symptomatic 
patients to patients with severe heart failure symptoms, angina, aiThythmia, syncope, or sudden 
cardiac death. ill fact, sudden cardiac death may be the first manifestation of the disease. The 
prevalence of HOCM is 1:500. HOCM is most often autosomal dominantly inherited with 
incomplete penetrance and vai·iable expressivity. Phenotype conversions have been found to 
occur in patients when they are in the Inid-20s. A disease causing mutation in nuclear and 
Initochondi·ial genes coding for sai·comeres can be identified in 30-60% of HOCM patients. No 
genetic etiology has been found in 30-50% of cases. 
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Reference ID 4283489 

6 



Cunent medical symptomatic ti·eatments include drng therapy with beta-blockers, calcium 

channel blockers or anti-anhythmics, percutaneous ti·ansluminal septal myocardial ablation 

(PTSMA) or heali surge1y involving septal myectomy. 


Therapeutic Indication of Alcohol Injection during PTSMA 

To im rove ITT.ill exercise capacity in adult patients with symptomatic, 


4 ____., HOCM !b><

PTSMA 

The PTSMA procedure was first described by Sigwa1i et al in 1995 (1). During PTSMA the 
targeted septa.I aiie1y is occluded by injecting ethyl alcohol. After angiography, a tempora1y 
pacemaker is placed in the right venti·icle for pacing should a high grade ah'io-venh'iculai· (AV) 
block develop. A catheter is typically in the left venti·icle for continuous monitoring ofLVOT 
and hepai·in is administered. The appropriate septal perforator branch is cannulated with a 
flexible guidewire and short angioplasty balloon. After the balloon is inflated, radiographic 
conh'ast is injected through its lumen to asce1iain occlusion of the septal branch and absence of 
spilling of dye into the left anterior descending (LAD) coronary aiiery. Ifspillage is noted the 
balloon is repositioned and angiography repeated. Myocai·dial conh'ast echocai·diography allows 
for the conect identification of the appropriate septal perforator to be occluded and the avoidance 
of occluding septal perforators that supply distant ai·eas of the myocardium such as the papillary 
muscles or the free wall of the left or right ventricle. Alcohol is injected via the inflated balloon 
lumen. The balloon catheter is left inflated for several minutes. Repeat angiography is perfonned 
to detennine whether the septal perforator is occluded and the LAD corona1y aiiery and its 
branches ai·e patent as shown in the below Figure 1: 

:A) Angiography ofthe le ft coronary artery in the right anterior oblique cranial position at the start of the procedure. The left 
Ulterior descending artery (LAD) and first septal artery are indicated. (B) A 0.014 inch wire positioned in the septal artery. An 
·'over the wire" (OTW) balloon is positioned within the vessel and inflated. Flow within the LAD remains unaffected. (C) 
Injection ofcontrast through the internal lumen o f the OnV balloon following wire removal. There is no spill back into the LAD. 
Source: Knight 2006 

Figure 1. Angiography of the Left Coronaiy Arte1y (2) 
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Figure 2: Coronaiy Angiography before and after Septal Ablation (3) 

An example of a reduction of the septal thickness after PTSMA is shown below: 

Before PTSMA After PTSMA 

Figure 3: Effect of PTSMA on Septal Thickness (3) 

Proposed Mechanism of Action ofAlcohol 

Dehydrated alcohol is a sclerosing agent that induces local thrombus fo1m ation and a small, 

controlled infai·ction which causes the hypertrophied septum to thin and L VOT to decrease. 

The sequence of events and the desirable and undesirable effects of the ablation are shown in the 

below scheme: 


Alcoho\ r LVEF~ LV Dimension i 

Infai·ct ____. Septum Diamete1:+---+ L VO't Exercise Capacityf Desirable 
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L Block of Conduction System, VTNF Undesirable 

The septal infarction triggered by alcohol injection during PTSMA initiates cardiac remodeling 
which may result in an additional slight reduction of LVOT in the 12 months after the procedure 
as shown in the below Figure 4: 

:z: "° 
E 
!. 
(,!) 
0 
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NS • High dose 

NS • Low dose 
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baseline at discharge 12 months final 

Figure 3. Changes in left ventricular outflow gradient (LVOG) during follow-up . There were no significant differences between the high-dose (dark 
blue bars) and low-dose (light blue bars) groups. 

Figure 4. Change of Left Ventricular Outflow Gradient Over Time (4) 

2.1.4 What are the p roposed dosages and routes ofadministration? 
Sponsor Proposed Alcohol Volumes 
Using a transcutaneous catheter! 

Proposed Route ofAdministration 
Transluminal (trans-coromuy) injection of alcohol into targeted septal branch arte1y 

2.2 Clinical Pharmacology 

2.2.1 What are the design f eatures ofthe clinical pharmacology studies and the clinical studies 
used to supp ort dosing or claims? 
The submission did not contain Clinical Phannacology Studies. 

However, there were four open-label, randomized, controlled studies allowing exploration of the 

dose-response relationship for alcohol injected during PTSMA. The 4 randomized prospective 

studies used consistently the following inclusion criteria: 
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•	 Symptomatic despite medical therapy 
•	 NYHA Class ≥ II and/or CCS Class ≥ II 
•	 LVOT > 30 mm Hg at rest or > 50 mm Hg with provocative maneuvers  (isosorbide 

dinitrate sublingual) 
•	 Basal septal thickness > 15 mm 

The patients in the prospective studies were randomized 1:1 to receive a lower or a higher dose 
of alcohol. However, the volume of alcohol injected was not uniform, and varied in the 
individual patients dependent on the size of the septal artery and the number of septal arteries 
that were ablated. 
The remainder studies were 38 uncontrolled registry studies that may not have used all of the 
above inclusion criteria. 

2.2.2 What is the basis for selecting the response endpoints and how are they measured in 
clinical pharmacology studies?  
Efficacy
 
Patients with symptomatic HOCM display congestive heart failure and angina and generally a 

decrease in functional capacity which are caused by a thickening of the left ventricular septum.
 
An additional consequence of the hypertrophied septum is an increase in LVOT. 


Objective Endpoints 
Changes in functional capacity can be assessed by measuring exercise duration, energy 
expenditure and peak oxygen consumption which are objective endpoints. Exercise capacity can 
be measured by treadmill and bicycle ergometry with measurements of the respiratory gases. 

Subjective Endpoints 
Changes in dyspnea and angina are assessed using the classifications of the New York Heart 
Association and the Canadian Cardiology Society, respectively, as shown below: 

NYHA Class Symptoms 
I Cardiac disease, but no symptoms and no limitation in ordinary physical 

activity, e.g. no shortness of breath when walking, climbing stairs etc. 
II Mild symptoms (mild shortness of breath and/or angina) and slight 

limitation during ordinary activity. 
III Marked limitation in activity due to symptoms, even during less-than

ordinary activity, e.g. walking short distances (20–100 m). Comfortable 
only at rest. 

IV Severe limitations. Experiences symptoms even while at rest. Mostly 
bedbound patients 

CCS Class Symptoms 
I Angina only during strenuous or prolonged physical activity 
II Slight limitation, with angina only during vigorous physical activity 
III Symptoms with everyday living activities, i.e., moderate limitation 
IV Inability to perform any activity without angina or angina at rest 
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Functional and Anatomical Biomarkers 
LVOT is measured by the guiding and multipurpose catheters before and during PTSMA or by 
echocardiography. Septum thickness, LV dimension, and LVEF are measured by 
echocardiography. 

Safety 
Injection of alcohol into a septal artery triggers an infarction. The infarcted tissue may include 
parts of the conduction system resulting in atrio-ventricular and bundle branch blocks (BBB). 
The tissue replacing the necrotic myocytes may become a focus for generating ventricular 
fibrillation or ventricular tachycardia. 

2.2.3 Are the active moieties in plasma appropriately identified and measured to assess 
pharmacokinetic parameters and exposure response relationships? 
The pharmacological active moiety injected into the targeted septal artery is alcohol.
 
None of the studies measured alcohol in plasma because - as claimed by the Sponsor - a spilling-

over of alcohol into other arteries than the target septal branch or in the systemic circulation is
 
unlikely. This conclusion seems reasonable.
 

2.2.4 Exposure-Response 
The range of volumes of alcohol injected per patients in the considered studies ranged between 
0.6 and 4.8 mL. 

2.2.4.1 What are the characteristics of the exposure-response relationships for efficacy? 
The review focused on the quantitative analysis of the relationship between volume of alcohol 
injected and clinical endpoints as well as changes in anatomical and functional cardiovascular 
parameters caused by PTSMA. Data after injection of mean alcohol volumes of between 1.0 and 
4.1 mL were available. The clinical endpoints include dyspnea as measured by the NYHA 
classification, angina as measured by the CCS classification and exercise capacity measured as 
exercise duration, energy expenditure or peak oxygen consumption. The cardiovascular 
parameters included LVOT, LVEF, septal thickness and LV dimension. These endpoints were 
measured before and at one or more times after ablation. In most cases the post- ablation values 
for the endpoints reported below are those measured at the last follow-up time which varied 
between 0 and 39 months (median 12 months). However, if the number of patients at later 
follow-up visits was significantly smaller than at baseline the endpoints measured 12 months 
after the procedure were reported below. The follow-up at 12 months was selected because 
cardiac remodeling continues to reduce LVOT over several months after the procedure. 

Alcohol Volume-Effect Relationship for LVOT and the Clinical Endpoints NYHA Class and 
CCS Class and Cardiovascular Parameters 

The dose-effect relationship between alcohol volume and effect on LVOT in individual patients 
is depicted in the below Figure 5: 
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Relative delta percent reduction in LVOT= (LVOTafter PTSMA - LVOTbefore PTSMA)/LVOTbefore PTSMA 

Figure 5: Dose-effect relationship between Alcohol and effect on LVOT (5)
 

The alcohol dose-response relationship for LVOT is flat for alcohol volumes ≥ 1.0 mL. If the 

volume of alcohol is reduced to < 1 mL the desired lowering effect on LVOT (percent change)
 
appears to decrease (5,6).
 
The results on the exposure-response relationship of alcohol based on mean data in 13 studies are 

shown in the below Tables Ia and Ib:
 

Table Ia. Mean Dose-Effect Relationships for Alcohol Injected per Patient during PTSMA:
 
Changes in New York Hear Association- and Canadian Cardiovascular Society Functional Class, 

and Left Ventricular Outflow Gradient
 

Study Alcohola Patientsb Δ NYHA Class Δ CCS Class Δ LVOT 
mL n mm Hg 

1.Veselka 2011 (4) 1.1 (0.2) 
2.5 (0.8) 

37/34 
39/35 

- 1.2 (2.8→1.6)* 
- 1.4 (2.8→1.4) * 

NR 
NR 

- 50 (74→24)* 
- 56 (74→18)* 

2.Veselka 2006a (7) 1.5 (0.4) 
2.6 (0.6) 

27/26 
27/26 

- 1.4 (2.8→1.4)* 
- 1.6 (2.8→1.2)* 

- 1.5 (2.3→0.8)* 
- 1.7 (2.3→0.6)* 

- 50 (75→25)* 
- 50 (71→21)* 

3.Veselka 2005a (8) 1.5 (0.4) 
2.8 (0.4) 

21/21 
21/21 

NR 
NR 

NR 
NR 

- 55 (78→23)* 
- 51 (73→22)* 

4. Veselka 2004 (9) 1.6 (0.4) 
3.4 (0.9) 

17/17 
17/17 

- 1.2 (2.7→1.5)* 
- 1.3 (2.5→1.2)* 

- 1.4 (2.3→0.9)* 
- 1.3 (2.1→0.8)* 

- 54 (70→16)* 
- 49 (66→17)* 

5. Moss  (10) 4.1 (1.7) 145/139 - 1.6 (2.9→1.3)* NR - 56 (75→19)* 
6. Veselka 2014a (5) 1.5c 459/436 - 1.2 (2.8→1.6) * -1.0 (1.7→ 0.7)* - 67 (88→21)*d 

7. Veselka 2009e (11) 1.0 (0.1) 35/35 - 1.3 (2.9→1.6) * - 1.5 (2.1→0.6)* - 52 (73→ 21)* 
8. Sorajja (12) 1.8 (0.5) 138/138 - 1.5 (3.0 →1.5)c* NR -70 (80→10)* 
9. Fernandes (13) 2.6 (1.0) -1.4 (2.8→ 1.4)*f -1.1 (2.1→1.0)*g -51 (77→26)*h 

10. Faber (14) 2.8 (1.2) 337/229 -1.4 (2.9→1.5)* -0.8 (1.7→ 0.9 )* -51 (59→ 8)* 
11. van Dockum (15) 3.3 (1.7) 24/24 -1.2 (2.9→1.7)* NR -64 (87→23)* 

Range 1.1-3.4 21-459/21-436 -1.2 - (-) 1.6 -0.8 - (-) 1.7 -49 - (-)70 

12. Alam  (16) 3.0 (0.6-4.8) -1.7 (2.9→1.2)i* -1.5 (1.9→0.4)k* -48 (65→17)l* 
13. Nagueh 2007 (17) 2.9 (1.0) 20/20 -0.5 (3.0→2.5)* -0.4 (2.0→1.6)* -22 (93→71)* 
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Studies 1-4  used a prospective, randomized design, Studies 5-10 and 12 used a retrospective design, Study 11 is a systematic 
review of 33 additional published studies and study 12 reports the endpoints in patients who after septal ablation required 
myectomy because of residual outflow tract obstruction, % change in exercise capacity and NYHA and CCS scores between 
follow-up and baseline calculated from % change=[(meanfollow up – meanbaseline)/meanbaseline]•100; NR =not reported  NA=Not 
applicable  a mean (sd) b first number: Number of patients enrolled,  second number: Number of patients at follow-up: median 
12 (range 0-39) months after ablation c median d the reduction in ΔLVOT was significantly greater in a subset of 83 patients 
receiving 0.6  (0.5-0.8) mL alcohol than in 376 patients receiving 1.7 (1-2 mL) alcohol e data from a historical group not 
reported  f immediately after ablation g 629 patients at baseline, 369 patients 12 months after procedure h 503 patients at 
baseline, 258 patients 12 months after procedure I 2808 patients at baseline, 583 patients 12 months after the procedure k 821 
patients at baseline, 253 patients 12 months after procedure l 2776 patients at baseline, 464 patients 12 months after the 
procedure * statistically significantly different from baseline 

Table Ib. Mean Dose-Effect Relationship for Alcohol Injected per Patient during PTSMA: 
Changes in Septal Thickness, Left Ventricular Ejection Fraction and Left Ventricular Dimension 

Study Alcohol a Patientsb Δ Septal Thicknessb Δ LVEF Δ LV Dimension 
mL n mm % mm 

1. Veselka 2011 (4) 1.1 (0.2) 
2.5 (0.8) 

37/34 
39/35 

- 6.8 (21.0→14.2) * 
- 9.2 (22.4→13.2)* 

-2 (82→ 78)* 
-4 (80→76)* 

4.0 (42.1 → 46.1)* 
3.9 (43.5→ 47.4) 

2. Veselka 2006a (7) 1.5 (0.4) 
2.6 (0.6) 

27/26 
27/26 

- 6 (21→15)* 
- 9 (22→13)*# 

-1 (80→ 79)* 
-6 (81→ 75)* 

5 (43→ 48) 
3 (44→ 47)# 

3. Veselka 2005a (8) 1.5 (0.4) 
2.8 (0.4) 

21/21 
21/21 

- 8 (22→14)* 
- 7 (21→14)* 

NR 
NR 

4 (43→ 47)* 
3 (44→ 47)* 

4. Veselka 2004 (9) 1.6 (0.4) 
3.4 (0.9) 

17/17 
17/17 

- 8 (21→13)* 
- 8 (22→14)* 

-6 (81→ 75) 
-5 (80 →75) 

3 (44→ 47)* 
3 (44→ 47) * 

5. Moss  2013  (10) 4.1 (1.7) 145/139 - 6 (20→ 14)* NR NR 
6. Veselka 2014a (5) 1.5c 459/436 - 3 (21→18)c* 0 (60 → 60) 2 (43→45)* 
7. Veselka 2009d (11) 1.0 (0.1) 35/35 - 6 (21→15)* -3 (82 →79)* 4 (43→47) 
8. Sorajja 2008   (12) 1.8 (0.5) 138/138 NR NR NR 
9. Fernandes 2008  (13) 2.6 (1.0) -5 (21 →16)e -3 (68→65)e NR 
10. Faber 2007 (14) 2.8 (1.2) 337/229 -5 (20→15)* 1 (78→79) NR 
11. van Dockum (15) 3.3 (1.7) 24/24 -5 (21→16)* -2 (69→67)* NR 

Range 1.1-3.4 17-459/17-436 -3- (-) 9.2 1- (-)6 2-4 

12. Alam 2006 (16) 3.0 (0.6-4.8) -7 (21→14)f* -3 (74→71)g* NR 
13. Nagueh 2007 (17) 2.9 (1.0) 20/20 -4 (23→ 19)* -3 (74→71) NR 
NR =not reported Studies 1-4  used a prospective, randomized design, Studies 5-10 and 12 used a retrospective design, and 
Study 11 is a   systematic review of 33 additional published studies, % change in exercise capacity and NYHA and CCS scores 
between follow-up and baseline calculated from % change=[(mean follow up – meanbaseline)/meanbaseline]•100, NR =not reported  
NA=not applicable  a mean (sd) b first number: Number of patients enrolled,  second number: Number of patients at follow-up: 
median 12 (range 0-39) months after ablation c median d data from a historical group not reported  e 629 patients at baseline, 
300 patients 12 months after procedure f 2323 patients at baseline, 550 patients 12 months after the procedure g 1082 patients 
at baseline, 559 patients 12 months after the procedure * statistically significantly different from baseline # statistically 
significant difference between low dose and high dose alcohol group 

Studies 1-4 used a prospective, randomized design, Studies 5-11 used a retrospective design; 
Study 12 is a systematic review of 34 additional, published studies and Study 13 reports the 
endpoints in selected patients who after septal ablation required a myectomy because of 
continuous residual outflow tract obstruction. The mean alcohol volumes injected during 
PTSMA in the studies ranged between 1.0 and 4.1 mL per patient.         

The mean reduction of dyspnea, angina, LVOT and septal thickness in studies 1-13 are shown in 
the below Figures 6a-d: 
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Figure 6a. LVOT, Figure 6b. NYHA Class, Figure 6c. CCS Class, Figure 6d. Septal Thickness. 
The blue diamonds represent mean values from Studies 1-11, the red rectangle is the mean value 
of Study 12 and the green ti·iangle represents the mean value of Study 13 in selected patients who 
after PTSMA experienced continuous outflow obstruction ( 4, 6-17). 

The results of Studiesl -12 indicate that the effect ofmean alcohol volumes between 1.0 and 4.1 
mL on mean L VOT and NYHA scores is consistent. There is no ove1i evidence for a dose 
dependency. The effect of alcohol on the mean change on CCS scores and septal thickness are 
more variable and an assessment of a possible dose-dependency is more problematic. 

The effect size for LVOT, CCS score and septal thickness repo1ied by Study 12 is within that of 
Studies 1-11.The effect size for the NYHA score of Study 12 is slightly greater than that of 
Studies 1-11. The results of Study 13 with patients who after undergoing PTSMA exhibited only 
a small reduction of LVOT (-22 mm Hg) show a clearly reduced effect of 2.9 mL alcohol 
volume on LVOT, NYHA and CCS scores. The fact that the improvements in NYHA and CCS 
scores are as minimal as that in LVOT suggests that D.LVOT predicts the size of the 
improvements in NYHA and CCS scores. 
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There are limitations in the above comparison of the results of the individual Studies 1-11 with 
the mean results of Study 12. Study 12 did not report how the mean of the study means was 
obtained. The number of patients enrolled in Studies 1-11 varied between 34 and 629.  The 
number of subjects with information on endpoints of interest in Study 12 ranged from 720 to 
2808. The follow-up period varied from 0 to 39 months in Studies 1-11 and was 12 months in 
Study 12. The follow-up time of Study 13 was not reported. 

Exercise Capacity 
Information on the impact of PTSMA on exercise capacity, measured as exercise duration, 
energy expenditure or peak oxygen consumption was available from 7 studies and the systematic 
review. The mean % increase in exercise duration, energy expenditure and peak oxygen 
consumption in patients who underwent septal ablation is shown in the below Table II: 

Table II. Mean Percent Change in Exercise Capacity and Changes in New York Heart 
Association and Canadian Cardiovascular Society Functional Class in Patients Undergoing 
Septal Ablation 

Study Sample 
Size 

Mean 
Age 

Alcohol 
Volume 

Δ Exercisea ΔNYHAa ΔCCSa 

Duration Expenditure Vmax O2 
n Years mL % % % Score Score 

Fernandes  (13) 619 54 2.6 (1.0) 53 12 -1.6 -1.1 
Faber (14) 155 53 2.8 (1.2) 27 17 -1.2 NR 
Chang (18) 224 52 2.4 (0.3) 34b -1.2 NR 
Gietzen (19) 80 

77 
44 
69 

3.2 (2.1) 
3.2 (2.1) 

31 
48 

27 
36 

-1.4 
-1.3 

NR 
NR 

Firoozi (20) 19 49 3.0c 12 17 -0.6 NR 
Nagueh 2001(21) 41 49 2-5d 44 26 -2.2 -0.9 
Alam (16) 720/787 54 3.0 (0.6-4.8) 34 51 33 -1.7 -1.5 

Median (Range) 39 (34-53)e 31 (12-51)e 26 (17-33)e 

Nagueh 2007 (17) 20 53 2.9 (1.0) -2 -0.5 -0.4 
% change in exercise capacity and NYHA and CCS scores between follow-up and baseline calculated from % 
change=[(meanfollow up – meanbaseline)/meanbaseline]•100 for data from publications 12-16, 18 and 19; for publication 17 the 
percent change in exercise capacity between follow-up and baseline was calculated by averaging the differences between the 
individual values at follow-up and at baseline as follows: % change= [(individual value at follow up – individual value at 

baseline)/individual valueatbaseline] • 100] a Change from baseline at follow-up  ranging from 3-56 months b in patients without 
implanted pacemaker c median drange e in calculating the median (range) for exercise capacity the values obtained in the two 
age groups in the study by Gietzen (19) were averaged. 

The median increase in exercise duration, energy expenditure and peak oxygen consumption 
after PTSMA is 39, 31 and 26 %, respectively, in the top 7 studies of Table II indicating an 
improvement in objective exercise endpoints and support the improvements seen above in the 
subjective endpoints including dyspnea and angina as measured by NYHA and CCS scores.  The 
mean volume injected in the studies was too comparable for providing information on the 
relationship between alcohol dose and response. In contrast, no enhancement in exercise duration 
was observed in the “PTSMA non-responders” in Study 12 in agreement with the small 
reductions in LVOT and the subjective clinical endpoints in this selected patient group who 
continued to experience residual outflow obstructions after PTSMA.  In conclusion, the observed 
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consistency in the size of the improvement in the objective and subjective endpoints increases 
the plausibility of the latter and confirms the predictive properties of LVOT. However, the 
contrasting findings of Study 13 indicate also that injection of effective volumes of alcohol into a 
septal artery may not have the desired effect. 

Alcohol Volume-Effect Relationship for Infarct Size and Cardiac Markers 
The impact of volume and rate of injected alcohol on infarct size in piglets undergoing PTSMA 
is shown in Table III below: 

Table III. Infarct Size in 20 Piglets after Injection of 0.5-2.0 mL Alcohol
 
Administered at Rates between 0.06 and 1.2 mL/s (22)   


Piglets Alcohol  Injection Infarct Size 
Groups Volume Rate Duration 

mL mL/s s % 
I 0.5 0.2 2.5 4.26 (2.71)a 

II 2.0 0.2 10 10.12 (4.55)a* 
III 1.2 0.06 20 5.84 (1.21)b 

IV 1.2 1.2 1 7.11 (1.63)b 

Infarct size was measured 6 h after injection of alcohol a Injection into circumflex
 
coronary artery b injection into left anterior descending coronary artery * Group II
 
statistically significantly different from Group I
 

The design of the piglet study varied volume and rate of the injected alcohol. The results indicate 
that the volume of alcohol, but not the injection rate of alcohol is critical for the size of the 
infarction. 
The impact of volume and rate of the injected alcohol on the peak plasma concentration of the 
cardiac tissue marker CK-MB in HOMC patients after undergoing PTSMA in the 4 randomized 
and controlled studies is shown in Table IV below: 

Table IV. Mean (SD) Peak Concentrations of CK-MB, a Cardiac Biomarker,
 
after Injection of Varying Volumes of Alcohol Given at Different Rates in
 
Patients with HOCM
 

Humans Alcohol Injection CK-MB 
Studies Volume Rate Duration Cmax 

mL mL/s s μkat/L 
Veselka 2011 (4) 1.1(0.2) 

2.5 (0.8) 
0.5 
0.5 

2.2 
5.0 

1.7 (0.8) 
2.6 (1.3)* 

Veselka 2006a (7) 1.5 (0.4) 
2.6 (0.6) 

<0.017 
<0.017 

<88 
<153 

2.25 (1.00) 
2.62 (1.57)* 

Veselka 2005a (8) 1.5 (0.4) 
2.8 (0.6) 

0.017 
0.017 

88 
165 

2.33 (0.85) 
3.79 (2.42)* 

Veselka 2004  (9) 1.6 (0.4) 
3.4 (0.9) 

0.0125 
0.0125 

128 
272 

1.9 
3.2* 

* statistically significantly different from lower dose (p<0.05) 

The injection rate varied among the studies in patients, but was constant within each study. The 
peak concentration of CK-MB increased statistically significantly when the alcohol volume was 
increased in the patients. However, the rate of alcohol injection appears not to impact Cmax of 
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CK-MB. Of note, the volume of alcohol injected in piglets normalized for body weight was 3 
times greater than in the patients. Also, the injection rate of alcohol was much greater in the 
piglets than in the patients. There was agreement between the results in piglets and patients: The 
volume injected during PTSMA determines the size of the septal infarction.  
The existence of a correlation between the volume of alcohol injected during PTSMA and Cmax 
of CK-MB is demonstrated by the below figures which show plots of Cmax of CK-MB vs the 
volume of alcohol injected  for groups of patients and individual patients, respectively, as shown 
in the below Figures 7 and 8 (4,23): 

Figure 7: Impact of alcohol volume on peak CK-MB activity (23)

             Figure 8. Apparent linear relationship between peak CL-MB activity and alcohol 
volume (4) 

Figure 7 suggests that the CK-MB activity is similar for injected alcohol volumes between 0.65 
to 1.0 mL. A significant increase of CK-MB occurs when the volume of alcohol exceeds 1 mL. 
Figure 8 indicates that the relationship between CK-MB and the volume of alcohol injected 
during PTSMA is linear. However, the correlation explains only 29% of the observed variability. 
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There exist significant correlations between volume of alcohol injected and size of septal 
infarction and between infarction  size and peak CK-MB, and septal mass reduction or decrease 
in LVOT as shown in the below Figures 9-12: 

Figure 9: Apparent linear relationship between infarction size and 
alcohol volume (15)

                       Figure 10. Apparent linear relationship between peak CK-MB and Size of 
myocardial infarction (15) 
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Figure 11. Apparent linear relationship between septal mass 
reduction and size of myocardial infarction (15) 

Figure 12: Apparent linear relationships between left ventricular 
outflow gradient and size of myocardial infarction (15) 

In conclusion, the injection of alcohol during PTSMA has a desirable effect on improving 
exercise capacity, reducing dyspnea and angina, LVOT, and septal thickness in patients. Patients 
with NYHA Score II at baseline improve to NYHA Score I after PTSMA. Similarly, patients 
with CCS Score II at baseline change to Score I after PTSMA. Ablation also reduces septal 
thickness and LVEF, but increases LV dimension. There is no overt evidence for a dose 
dependency of LVOT for alcohol volumes in the range between 1.0 and 4.1 mL. There is no 
definitive evidence that alcohol volumes < 1.0 mL can reduce LVOT as volumes between 1 and 
4 mL do. Also, an improvement of the clinical symptoms with alcohol volumes <1.0 mL has not 
been demonstrated. Infarct size measured anatomically or biochemically is linearly correlated 
with the volume of alcohol (≥ 1 mL) injected. There is no overt evidence that the rate of alcohol 
injection during PTSMA is critical. 

2.2.4.2 What are the characteristics of the exposure-response relationships for safety? 
Incidence rates for safety were available from 3 sources: 1. The four randomized controlled trials 
(4,7,8) 2. The six uncontrolled registry studies (5,10-15,17) and 3. The systematic review article 
(16). The primary focus was on the dose-response relationship of the major safety related 
endpoints including need for implantation of a permanent pacemaker (PPM), incidence rate of 
BBB, VF and need for implantation of an ICD. 

The below Table V lists the incidence rate of reported safety endpoints in the 4 controlled, 
randomized studies: 

Table V. Incidence of Safety Endpoint after Injection of Varying Mean Alcohol 
Volumes to Patients during PTSMA in Randomized Controlled Studies 
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Study n Alcohol Incidence of Endpoints 
mL n (%) 

PPMa BBBb VFc ICDd 

Veselka 2011 (4) 37 
39 

1.1(0.2) 
2.5(0.8) 

2 (5) 
2 (5) 

17 (46) 
17 (44) 

2 (5) 
1 (3) 

2 (5) 
1 (3) 

Veselka 2006 (7) 27 
27 

1.5 (0.4) 
2.6 (0.6) 

4 (16)e 

1 (5) e 
13 (54)e 

15 (75)e 
NR 
NR 

NR 
NR 

Veselka 2005 (8) 21 
21 

1.5 (0.4) 
2.8 (0.6) 

2 (10)e 

2 (10)e 
7 (44)e 

6 (35)e 
3 (7)f NR 

NR 

Veselka 2004 (9) 17 
17 

1.6 (0.4) 
3.4 (0.9) 

2 (12)e 

2 (12 )e 
16 (59 ) e,f 2 (6)f NR 

NR 
aNR= Not reported  Permanent complete AV-block and need for permanent pacemaker b bundle branch block 

c VF= ventricular fibrillation, VT=ventricular tachycardia d Implantable cardioverter/defibrillator e in initially 
non-paced patients f in both groups together 

Given the relative small number of enrollees in the 4 studies there was reasonable agreement of 
the results of the need for implantation of a permanent pacemaker (PPM) in 5-16 % of the cases, 
an incidence rate of about 35-75 % for BBB and an occurrence of 3-7% of VF. There was no 
overt evidence for a dose dependency for PPM or BBB. 

The incidence rate of safety parameters in the registry studies are shown in the below Table VI: 

Table VI. Incidence of Safety Endpoints after Injection of Varying Mean Volumes of 
Alcohol during PTSMA in Uncontrolled Registry Studies 

Study n Alcohol Incidence of Endpoints 
mL n (%) 

Permanent PMa BBBb VF/VT ICDc 

Moss (10) 145 4.1 (1.7) 1 (1) NR 2 (<1) 1 ( <1) 
Veselka 2014 (5) 459 1.5 (0.4-4.5)d 43 (9)e 189 (41) 3 (0.7) 10 (2) 
Veselka 2009 (11) 35 

35 
1.0(0.1) 
2.5 (0.8) 

2 (6) 
2 (6) 

11 (31) 
14 (40) 

NR NR 

Sorajja 2008 (12) 138 1.8 (0.5) 28 (20) 2 (1) 3 (2.0)f 2 (1) 
Fernandes 2008 (13) 629 2.6 (1.0) 52 (8) NR NR NR 
Nagueh 2007 (17) 20 2.0 (1.0) 2 (10) NR NR NR 

cNR= Not reported  a permanent complete AV-Block and need for permanent PM b bundle branch block 
implantable cardioverter defibrillator dmedian (range) e including 5 resuscitations for complete heart block g one 
VT ablated  by radiofrequency 

The incidence rate for PPM, BBB, VF and ICD found in the registry studies were compatible 
with those reported in the controlled, randomized studies. 

The findings on the incidence rate for the safety endpoints by the systematic review article are 
shown in the below Table VII (16): 

Table VII. Incidence of Safety Endpoints in Patients undergoing PTSMA after Injection of 3.0 
mL (0.6-4.8 mL) (42 studies/cases) 

Safety Endpoint Patients Mean (SEM) Range 
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n % % 
Complete AV block requiring PPM" 1869 11 (0.2) 0-40 
NewRBBB0 381 46 (0.7) 0-75 
New LBBBc 322 6.5 (0.3) 0-17 
Ventricular fibrillation 464 2 .2 (0.1) 0-13 
Corona1y a1t e1y spasm 292 1.4 (0.2) 0.4-13 
RedoPTSMA 1140 6.6 (0.2) 0.3-16 
Post PTSMA myectomy 1044 2 .0 (0.1) 0 .4-6.9 
Coronary dissection 434 1.8 (0.1) 0 .4-4.6 
Pericardia! effusion 355 0.6 (0.02) 0 .4-1.1 
Persistence of symptoms 724 11 (0.2) 5.0-25 
Stroke 361 1.1 (O. l ) 0-4 .0 
In-hospital mortality 2995 1.5 (0.03) 0-5.0 
Late m01tality (all cause) 2840 0.5 (0.03) 0-9 .3 
a • u • cpemianent pacemake1 nght btmdle branch block left btmdle branch block 

The mean incidence rate for complete AV block, BBB' s and VF was estimated to be 11%, 5 3 % 
and 2.2%, respectively, confinning the findings from the randomized and controlled studies and 
the uncontrolled registry studies. The systematic review aiiicle estimated the incidence rate for 
in-hospital mo1iality ofPTSMA and late mo1iality (all cause) of 1.5% and 0.5%, respectively. A 
large registry study showed that patients treated with > 2.0 mL alcohol exhibited a higher total 
mo1iality than patients tr·eated with ::::; 2.0 mL alcohol (23). The amount of alcohol inj ected was 
found to be an independent predictor of survival 

2.2.4.3 Does this drug prolong the QTIQTc Interval? 
A spillage of alcohol into coronary aiieries other than the targeted septal aiie1y or into the 
systemic circulation during PTSMA is not expected. Thus, an impact on the QT/QTc interval is 
unlikely. 

2.2.4.4 Is the dose and dosing regimen selected by the sponsor 
---~~~~~~~~~~-

icant 's label recommends 

(b)(4•-

2.2.5 What are the PK characteristics ofthe drug ? 
Spillage of alcohol from the tai·get septal arte1y into the left anterior descending coronai·y a1iery 
is prevented by inflating an "over the wire" balloon proximal to the catheter tip. Ifspillage were 
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to occur it could lead to an occlusion of the left anterior descending coronary artery and result in 
a larger infarction. Spilling of alcohol into the systemic circulation is not expected. Therefore, 
monitoring of blood levels after injection of alcohol during PTSMA is not considered helpful. 

2.3 Intrinsic Factors 

2.3.1 What intrinsic factors influence exposure and/or response, and what is the impact of any 
differences in exposure on efficacy or safety responses? 
Among the intrinsic factors age, body weight, sex and race only the possible impact of age on the 
endpoints impacted by PTSMA was investigated as shown Table VIII: 

The below Table VIII summarizes the effect of age on the outcomes of PTSMA (19): 

Table VIII. PTSMA: Impact of Age on Mean Changes in Cardiovascular 
Parameters by PTSMA 

Age Patients Alcohol ΔNYHAa Δ Exercise Capacitya 

years n mL Class %b %c 

46 
69 

80/77d 

77/69d 
3.2 (2.1) 
3.2 (2.1) 

-1.4* 
-1.3* 

31* 
48* 

27* 
36* 

a Change from baseline b exercise expenditure c peak O2 consumption d first number at 

baseline, second number at follow-up  * statistically significant different from baseline #
 
statistically significant different between groups
 

A comparison of the outcomes in HOCM patients in the age < 60 years and ≥ 60 years shows a 
similar improvement in exercise capacity and NYHA functional class at follow-up 7 months 
after ablation. Significant differences compared to the younger group included a greater need for 
permanent pacemaker implantation. 
Age was identified as an overall predictor of increased overall mortality in patients undergoing 
septal ablation (23) 

2.3.2 Based upon what is known about E-R relationships and their variability, what dosage 
regimen adjustments are recommended for each group? 
No adjustment of the volume of alcohol injected is necessary in patients ≥ 60 years. 

2.3.1.2 Pediatric Patients 
Dehydrated alcohol for percutaneous transluminal septal myocardial ablation has not been 
evaluated for pediatric use. 

2.3.1.3 Race 
The impact of race has not been evaluated. 

2.3.1.4 Sex 
The impact of sex has not been evaluated. 

2.3.1.4 What pregnancy and lactation Information is there in the label? 
8.1 Pregnancy: 
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Risk Summru 

Maternal use 1s not expectea to resultm fetal exposure to tlie ruu g. 
--~~~~~~~~-

Clinical Consideration 
ANLYSINOL for percutaneous transluminal septal myocru·dial ablation has not been evaluated 
in pregnant women and is not recommended during pregnancy. When possible, the percutaneous 
transluminal septal myocru·dial ablation procedure should be postponed in women until <6H<l1 the 
postpruium period. 

Data 
Animal reproduction studies have shown an adverse effect on the fetus and chronic fetal alcohol 
exposure is known to cause developmental defects in human . The developmental effects of acute 
ethanol exposure, such as 111><" from percutaneous transluminal septal myocru·dial ablation, 
have not been studied in pregnant or lactating women. 

8.2 Lactation 
ABLYSINOL is not ex_pected to increase significantly the systemic concentrations of 
endogenous alcohol <1>>r• administration into a septal rute1y during percutaneous transluminal 
septal myocru·dial ablation and breast feeding is not expected to result in exposure of the child to 
the dmg. 
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	1.0 EXECUTIVE SUMMARY 
	The proposed indication for Ablysinol® is to improv exercise ca acit in patients with s ~tomatic, (b)!' , h ertrophic cardiom~pathy HOCM -(l>H'I 
	.....,,.==-==--=-:.---..--~~.,--.-.---I~~~---~~-=----~-~~----=-=-=~~..---.-~-=----
	-

	. HOCM, is characterized by hypertrnphy ofthe left ventricle (L V), predominantly the 
	-----.
	interventricular septum. The manifestations of this genetically heterogeneous disease vary from asymptomatic or mildly symptomatic patients to patients with severe heart failure symptoms, angina, arrhythmia including venti·icular fibrillation (VF) and tachycardia (VT), syncope, or sudden cardiac death. Sudden cardiac death may be the first manifestation ofthe disease. HOCM is most often autosomal dominantly inherited with incomplete peneh'ance and variable expressivity. The disease prevalence is 1: 500. Cur
	During PTSMA alcohol is injected into a targeted septal a1te1y to induce a septal infarction that has desirable and undesirable consequences as shown in the below scheme: 
	Alcoho\ r LVEF~ LV Dimension i 
	Infarct ~Septum Diamete1:+--+ L vot Exercise Capacityt Desirable 
	Block ofConduction System, VTNF Undesirable 
	L 

	where LVEF is left ventricle ejection fraction and LVOT is left venti·icular outflow gradient. 
	The beneficial effects ofthe infarction include thinning ofthe hype1trophic septum, reduction of LVOT, increase in exercise capacity and reliefofdyspnea and angina symptoms. Changes in LV dimension and L VEF are due to cardiac remodeling evolving over several months after PTSMA. Relevant negative effects ofseptal ablation are blockade ofthe conduction system, aIThythmias and increased m01tality. 
	The listed dmg (RLD) selected by the applicant is alcohol and dexh'ose monohydrate injection, either as 5% alcohol and 5% dexh'ose or as 10% alcohol and 5% dexti·ose, by B. Braun Medical Inc. for the indication ofincreasing caloric intake (NDA 004586). CmTently there are no FDA approved dehydrated alcohol products on the market. Not-withstanding, the applicant's stated plan is to rely on published literature for safety and efficacy of Ablysinol. 
	The efficacy pa.Ii ofthis 505(b )(2) subinission is based entirely on published literature and on a single database ofpatient level outcomes for 100 patients that were selected by the Investigator, Joseph Veselka, MD PhD, Depaliment ofCardiology, University Hospital Motul, Prague, Czech 
	Republic, from a cohort of 180 patients. Because of a possible selection bias these data were not analyzed. 
	The efficacy endpoints include increase in exercise capacity, reduction in dyspnea and angina, LV septum thickness, and LVOT.  Safety endpoints include peri-procedural events including blockade of the conduction system, VF, VT and sudden cardiac death. 
	Focus of Review 
	The submission included 38 publications reporting on desired and undesired effects of alcohol injected during the PTSMA procedure. All studied patients had HOCM with septal hypertrophy significantly increased peak LVOT at rest and were symptomatic despite therapy with beta-blockers, calcium channel blockers or antiarrhythmics. 
	Twenty-two (22) studies were reviewed. The review focused on delineating the dose–response relationships between volume of alcohol injected during PTSMA and desirable and undesirable effects and on the relevance of the injection rate of alcohol during the procedure.  Of primary relevance were 4 studies with a prospective randomized design, a systematic review article that reviewed 42 studies/cases and 7 registry studies that were published after the systematic review article. The targeted clinical endpoints
	Attempts were also made to characterize the dose-response relationship for alcohol injected during the procedure regarding safety endpoints including incidence of complete AV-block, bundle branch block (BBB), need for implantation of a permanent pacemaker, incidence of VF and VT and need for implantation of cardioverter-defibrillators. 
	1.1Summary of Important Clinical Pharmacology Findings 
	Efficacy 
	1.. Injection of mean alcohol volumes ranging between 1 and 4 mL brings about a sufficient reduction of LVOT and septal thickness resulting in an increase in exercise capacity and improvements of the subjective clinical endpoints dyspnea and angina. The median increase in exercise duration, energy expenditure and peak oxygen consumption is 39, 31 and 26%, respectively. The reduction in NYHA- and CCS classification ranges between 
	1.2 and 1.6, and 0.8 and 1.7, respectively. The reduction in LVOT ranges between 48-70 mm Hg. The initial median reduction is 70% with an initial reduction of about 50% immediately after injection of alcohol during ablation that can be followed by an additional reduction of up to 20% during the post procedural period. The size of the beneficial effect on NYHA score and ΔLVOT appears to be dose independent over the 14 mL dose range. There is no definitive evidence that alcohol volumes < 1.0 mL can 
	reduce L VOT as effectively as volumes between 1 and 4 mL. Also, the efficacy of alcohol volumes < 1.0 mL to improve exercise capacity, dyspnea and angina has not been demonstrated. In about 11% of the patients with dmg refracto1y HOCM injection of alcohol volumes in the 1-4 mL range does not relieve the symptoms and an ablation ofa second or third septal arte1y or myectomy is perfo1med. Ofnote in responders not only the improvement ofthe clinical symptoms is greater than in non-responders, but also the red
	2. .
	2. .
	2. .
	Remodeling ofthe heaii with gradual changes in LVOT and efficacy endpoints evolves over several months following ablation which may result in an additional improvement of the symptoms, but may also bring about a worsening ofthe symptoms. 

	3. .
	3. .
	Mai·kers such as infarct size or peak concentration ofCK-MB increase in propo1iion to the injected alcohol volume in the 1-4 mL range. There is no ove1i explanation for the dose independence ofthe reduction in LVOT and dyspnea on the one hand and the dose dependency of infarct size and CK-MB on the other hand within the 1-4 mL dose range ofalcohol. 

	4. .
	4. .
	No ove1i evidence was found in the randoinized, controlled studies suggesting that the rate ofalcohol injection is critical for the size ofthe infarction 


	Safety 
	1. .
	1. .
	1. .
	In-hospital and late mo1iality ofPTSMA have been estimated to be 1.5 and 0.5 %, respectively. Patients treated with > 2.0 mL alcohol show a higher total mo1iality than patients treated with~2.0 mL alcohol. The amount ofalcohol injected is reportedly an independent predictor ofsurvival. 

	2. .
	2. .
	The most frequent incidence ofother safety endpoints associated with PTSMA and injection ofalcohol volumes ranging between 0.6-4.8 mL include complete AV-block requiring implantation ofa pennanent pacemaker (11%), right bundle branch block (RBBB) (46%), left BBB (6.5%) and VF (2.2%). Persistence ofsymptoms is reportedly 11% and a repeat PTSMA or myectomy is necessai·y in 8.8% ofcases. The available data are insufficient to establish an exposure-response relationship for safety endpoints other than mo1iality

	3. .
	3. .
	Volumes ofalcohol ofup to 10 mL were used for PTSMA eai·ly after inception ofthe procedure. Importantly, the investigators recognized that the risk ofthe procedure can be lowered without loss ofand the alcohol volumes injected were gradually reduced over the yeai·s. 
	effica.cy, 



	Key Issues 
	(b) (41 
	1. .The applicant's label recommends 
	(b) (4j 
	2. .
	2. .
	2. .
	The method ofblinding reader(s) of echocardiograms was not described in the majority of the studies 

	3. 
	3. 
	Repetitive repo1iing of the same patient data occmTed in 2 ofthe reviewed publications 


	Resolution of the Key Issues 
	1. The applicant's proposed wording ofthe label in Section 2. Dosage and Administration, 
	2.3 Recommended Dosin , should state ' .!bm 
	Figure
	(b)(4) 
	Figure
	Figure
	2. .
	2. .
	2. .
	The echocardiographic estimates for LVOT, septal thicknesss, LV diameter and LVEF across different studies obtained by blinded and possibly un-blinded readers were remarkably consistent 

	3. .
	3. .
	All patients in the 4 crncial, randomized, controlled studies and in the large majority of the registiy studies were unique 


	1.1 Recommendations 
	The Office of Clinical Phannacology (OCP/DCPl) reviewed the subinitted literatme suppo1iing .the clinical phannacology paii ofNDA 207987 and recommends approval for the indication. .This is based on the consistent improvements in exercise capacity, dyspnea and angina after .alcohol injection dming PTSMA to patients with symptomatic, drng refracto1y HOCM and left .venti-iculai· outflow gradient .
	The Office has the following Recommendations/Comments for the label: .The s onsor ro osed label in 2. Dosa e and Administration 2.1. Recommended Dosing, should .state <till~ .
	Figure

	1.2 Phase 4 Requirements None 
	Briefing .No Briefing was held. .
	2.0 QUESTION BASED REVIEW 
	2.1 General Attributes of the Drug 
	2.1.1 History ofRegulatory Development 
	The product received orphan drng designation for the indication ti·eatment of hypertrophic obstructive cardiomyopathy (HOCM) in September 2013. ill a meeting in May 2013 with the previous sponsor, the Agency stated that a 505(b )(2) submission relying entirely on published data fo1i ified by study related infonnation (including protocol, case repo1i fonns, datasets, and study repo1i) from a recent outcome study was acceptable, and that no additional pre-clinical or clinical pha1macology studies were require
	16

	A ossible ind1cat10n coufcl oe: "Improvmg exercise capacity in bJl.il HOCM )Jl.il The sponsor identifies the alcohol/dextrose combination (NDA 004589) as RLD, but states that demonstrations ofsafety and efficacy oftheir q'lbJ<j% alcohol is based on findings from the literature. 
	patients with symptomatic, 

	2.1.2 What are the highlights ofthe chemistry andphysical-chemical properties ofthe drug substance and the formulation ofthe drug product? 
	The diug substance is ~ ::i% ethyl alcohol, also known as dehydi·ated alcohol, C2H50 H, with a moleculai·weight of 46.1 Daltons. Alcohol is water soluble. 
	2.1.3 What are the proposed mechanisms ofaction and therapeutic indications? 
	Disease Chai·acteristics HOCM is characterized by a hype1irophy of the left ventricle, predominantly the inte1ventricular septum, resulting in an elevated outflow gradient of the left ventricle, LVOT, and a diastolic dysfunction. The manifestations ofdisease vary from asymptomatic or Inildly symptomatic patients to patients with severe heart failure symptoms, angina, aiThythmia, syncope, or sudden cardiac death. ill fact, sudden cardiac death may be the first manifestation of the disease. The prevalence ofH
	Cunent medical symptomatic ti·eatments include drng therapy with beta-blockers, calcium .channel blockers or anti-anhythmics, percutaneous ti·ansluminal septal myocardial ablation .(PTSMA) or heali surge1y involving septal myectomy. .
	Therapeutic Indication of Alcohol Injection during PTSMA .To im rove ITT.ill exercise capacity in adult patients with symptomatic, .
	4 
	_., HOCM !b><
	___

	PTSMA 
	The PTSMA procedure was first described by Sigwa1i et al in 1995 (1). During PTSMA the targeted septa.I aiie1y is occluded by injecting ethyl alcohol. After angiography, a tempora1y pacemaker is placed in the right venti·icle for pacing should a high grade ah'io-venh'iculai· (AV) block develop. A catheter is typically in the left venti·icle for continuous monitoring ofLVOT and hepai·in is administered. The appropriate septal perforator branch is cannulated with a flexible guidewire and short angioplasty bal
	Figure
	:A) Angiography ofthe left coronary artery in the right anterior oblique cranial position at the start ofthe procedure. The left Ulterior descending artery (LAD) and first septal artery are indicated. (B) A 0.014 inch wire positioned in the septal artery. An ·'over the wire" (OTW) balloon is positioned within the vessel and inflated. Flow within the LAD remains unaffected. (C) Injection ofcontrast through the internal lumen of the OnV balloon following wire removal. There is no spill back into the LAD. 
	Source: Knight 2006 
	Figure 1. Angiography of the Left Coronaiy Arte1y (2) 
	Figure 1. Angiography of the Left Coronaiy Arte1y (2) 
	Figure 2: Coronaiy Angiography before and after Septal Ablation (3) An example ofa reduction ofthe septal thickness after PTSMA is shown below: 

	Figure
	Figure
	Before PTSMA After PTSMA 
	Figure 3: Effect of PTSMA on Septal Thickness (3) 
	Proposed Mechanism of Action ofAlcohol .Dehydrated alcohol is a sclerosing agent that induces local thrombus fo1mation and a small, .controlled infai·ction which causes the hypertrophied septum to thin and L VOT to decrease. .The sequence of events and the desirable and undesirable effects of the ablation are shown in the .below scheme: .
	Alcoho\ r LVEF~ LV Dimension i 
	Infai·ct ____. Septum Diamete1:+---+ L VO't Exercise Capacityf Desirable 
	Block ofConduction System, VTNF Undesirable 
	L 

	The septal infarction triggered by alcohol injection during PTSMA initiates cardiac remodeling which may result in an additional slight reduction of LVOT in the 12 months after the procedure as shown in the below Figure 4: 
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	baseline at discharge 12 months final 
	Figure 3. Changes in left ventricular outflow gradient (LVOG) during follow-up. There were no significant differences between the high-dose (dark blue bars) and low-dose (light blue bars) groups. 
	Figure 4. Change of Left Ventricular Outflow Gradient Over Time (4) 
	2.1.4 What are the proposed dosages and routes ofadministration? 
	Sponsor Proposed Alcohol Volumes 
	Using a transcutaneous catheter! 
	Proposed Route ofAdministration Transluminal (trans-coromuy) injection ofalcohol into targeted septal branch arte1y 
	2.2 Clinical Pharmacology 
	2.2.1 What are the design features ofthe clinical pharmacology studies and the clinical studies used to support dosing or claims? 
	The submission did not contain Clinical Phannacology Studies. .However, there were four open-label, randomized, controlled studies allowing exploration of the .dose-response relationship for alcohol injected during PTSMA. The 4 randomized prospective .studies used consistently the following inclusion criteria: .
	•. 
	•. 
	•. 
	Symptomatic despite medical therapy 

	•. 
	•. 
	NYHA Class ≥ II and/or CCS Class ≥ II 

	•. 
	•. 
	LVOT > 30 mm Hg at rest or > 50 mm Hg with provocative maneuvers  (isosorbide dinitrate sublingual) 

	•. 
	•. 
	Basal septal thickness > 15 mm 


	The patients in the prospective studies were randomized 1:1 to receive a lower or a higher dose of alcohol. However, the volume of alcohol injected was not uniform, and varied in the individual patients dependent on the size of the septal artery and the number of septal arteries that were ablated. The remainder studies were 38 uncontrolled registry studies that may not have used all of the above inclusion criteria. 
	2.2.2 What is the basis for selecting the response endpoints and how are they measured in clinical pharmacology studies?  
	Patients with symptomatic HOCM display congestive heart failure and angina and generally a .decrease in functional capacity which are caused by a thickening of the left ventricular septum.. An additional consequence of the hypertrophied septum is an increase in LVOT. .
	Efficacy. 

	Objective Endpoints 
	Changes in functional capacity can be assessed by measuring exercise duration, energy expenditure and peak oxygen consumption which are objective endpoints. Exercise capacity can be measured by treadmill and bicycle ergometry with measurements of the respiratory gases. 
	Subjective Endpoints 
	Changes in dyspnea and angina are assessed using the classifications of the New York Heart Association and the Canadian Cardiology Society, respectively, as shown below: 
	NYHA Class 
	NYHA Class 
	NYHA Class 
	Symptoms 

	I 
	I 
	Cardiac disease, but no symptoms and no limitation in ordinary physical activity, e.g. no shortness of breath when walking, climbing stairs etc. 

	II 
	II 
	Mild symptoms (mild shortness of breath and/or angina) and slight limitation during ordinary activity. 

	III 
	III 
	Marked limitation in activity due to symptoms, even during less-thanordinary activity, e.g. walking short distances (20–100 m). Comfortable only at rest. 

	IV 
	IV 
	Severe limitations. Experiences symptoms even while at rest. Mostly bedbound patients 


	CCS Class 
	CCS Class 
	CCS Class 
	Symptoms 

	I 
	I 
	Angina only during strenuous or prolonged physical activity 

	II 
	II 
	Slight limitation, with angina only during vigorous physical activity 

	III 
	III 
	Symptoms with everyday living activities, i.e., moderate limitation 

	IV 
	IV 
	Inability to perform any activity without angina or angina at rest 


	Reference ID: 3842457 
	Reference ID: 4283489 
	Functional and Anatomical Biomarkers 
	LVOT is measured by the guiding and multipurpose catheters before and during PTSMA or by echocardiography. Septum thickness, LV dimension, and LVEF are measured by echocardiography. 
	Injection of alcohol into a septal artery triggers an infarction. The infarcted tissue may include parts of the conduction system resulting in atrio-ventricular and bundle branch blocks (BBB). The tissue replacing the necrotic myocytes may become a focus for generating ventricular fibrillation or ventricular tachycardia. 
	Safety 

	2.2.3 Are the active moieties in plasma appropriately identified and measured to assess pharmacokinetic parameters and exposure response relationships? 
	The pharmacological active moiety injected into the targeted septal artery is alcohol.. None of the studies measured alcohol in plasma because - as claimed by the Sponsor -a spilling-.over of alcohol into other arteries than the target septal branch or in the systemic circulation is. unlikely. This conclusion seems reasonable.. 
	2.2.4 Exposure-Response 
	The range of volumes of alcohol injected per patients in the considered studies ranged between 
	0.6 and 4.8 mL. 
	2.2.4.1 What are the characteristics of the exposure-response relationships for efficacy? 
	The review focused on the quantitative analysis of the relationship between volume of alcohol injected and clinical endpoints as well as changes in anatomical and functional cardiovascular parameters caused by PTSMA. Data after injection of mean alcohol volumes of between 1.0 and 
	4.1 mL were available. The clinical endpoints include dyspnea as measured by the NYHA classification, angina as measured by the CCS classification and exercise capacity measured as exercise duration, energy expenditure or peak oxygen consumption. The cardiovascular parameters included LVOT, LVEF, septal thickness and LV dimension. These endpoints were measured before and at one or more times after ablation. In most cases the post- ablation values for the endpoints reported below are those measured at the la
	Alcohol Volume-Effect Relationship for LVOT and the Clinical Endpoints NYHA Class and CCS Class and Cardiovascular Parameters 
	Alcohol Volume-Effect Relationship for LVOT and the Clinical Endpoints NYHA Class and CCS Class and Cardiovascular Parameters 

	The dose-effect relationship between alcohol volume and effect on LVOT in individual patients is depicted in the below Figure 5: 
	Figure
	after PTSMA -LVOTbefore PTSMA)/LVOTbefore PTSMA 
	Relative delta percent reduction in LVOT= (LVOT

	Figure 5: Dose-effect relationship between Alcohol and effect on LVOT (5). 
	The alcohol dose-response relationship for LVOT is flat for alcohol volumes ≥ 1.0 mL. If the .volume of alcohol is reduced to < 1 mL the desired lowering effect on LVOT (percent change). appears to decrease (5,6).. The results on the exposure-response relationship of alcohol based on mean data in 13 studies are .shown in the below Tables Ia and Ib:. 
	Table Ia. Mean Dose-Effect Relationships for Alcohol Injected per Patient during PTSMA:. Changes in New York Hear Association-and Canadian Cardiovascular Society Functional Class, .and Left Ventricular Outflow Gradient. 
	Study 
	Study 
	Study 
	Alcohola 
	Patientsb 
	Δ NYHA Class 
	Δ CCS Class 
	Δ LVOT 

	TR
	mL 
	n 
	mm Hg 

	1.Veselka 2011 (4) 
	1.Veselka 2011 (4) 
	1.1 (0.2) 2.5 (0.8) 
	37/34 39/35 
	-1.2 (2.8→1.6)* -1.4 (2.8→1.4) * 
	NR NR 
	-50 (74→24)* -56 (74→18)* 

	2.Veselka 2006a (7) 
	2.Veselka 2006a (7) 
	1.5 (0.4) 2.6 (0.6) 
	27/26 27/26 
	-1.4 (2.8→1.4)* -1.6 (2.8→1.2)* 
	-1.5 (2.3→0.8)* -1.7 (2.3→0.6)* 
	-50 (75→25)* -50 (71→21)* 

	3.Veselka 2005a (8) 
	3.Veselka 2005a (8) 
	1.5 (0.4) 2.8 (0.4) 
	21/21 21/21 
	NR NR 
	NR NR 
	-55 (78→23)* -51 (73→22)* 

	4. Veselka 2004 (9) 
	4. Veselka 2004 (9) 
	1.6 (0.4) 3.4 (0.9) 
	17/17 17/17 
	-1.2 (2.7→1.5)* -1.3 (2.5→1.2)* 
	-1.4 (2.3→0.9)* -1.3 (2.1→0.8)* 
	-54 (70→16)* -49 (66→17)* 

	5. Moss  (10) 
	5. Moss  (10) 
	4.1 (1.7) 
	145/139 
	-1.6 (2.9→1.3)* 
	NR 
	-56 (75→19)* 

	6. Veselka 2014a (5) 
	6. Veselka 2014a (5) 
	1.5c 
	459/436 
	-1.2 (2.8→1.6) * 
	-1.0 (1.7→ 0.7)* 
	-67 (88→21)*d 

	7. Veselka 2009e (11) 
	7. Veselka 2009e (11) 
	1.0 (0.1) 
	35/35 
	-1.3 (2.9→1.6) * 
	-1.5 (2.1→0.6)* 
	-52 (73→ 21)* 

	8. Sorajja (12) 
	8. Sorajja (12) 
	1.8 (0.5) 
	138/138 
	-1.5 (3.0 →1.5)c* 
	NR 
	-70 (80→10)* 

	9. Fernandes (13) 
	9. Fernandes (13) 
	2.6 (1.0) 
	-1.4 (2.8→ 1.4)*f 
	-1.1 (2.1→1.0)*g 
	-51 (77→26)*h 

	10. Faber (14) 
	10. Faber (14) 
	2.8 (1.2) 
	337/229 
	-1.4 (2.9→1.5)* 
	-0.8 (1.7→ 0.9 )* 
	-51 (59→ 8)* 

	11. van Dockum (15) 
	11. van Dockum (15) 
	3.3 (1.7) 
	24/24 
	-1.2 (2.9→1.7)* 
	NR 
	-64 (87→23)* 

	Range 
	Range 
	1.1-3.4 
	21-459/21-436 
	-1.2 -(-) 1.6 
	-0.8 -(-) 1.7 
	-49 -(-)70 

	12. Alam  (16) 
	12. Alam  (16) 
	3.0 (0.6-4.8) 
	-1.7 (2.9→1.2)i* 
	-1.5 (1.9→0.4)k* 
	-48 (65→17)l* 

	13. Nagueh 2007 (17) 
	13. Nagueh 2007 (17) 
	2.9 (1.0) 
	20/20 
	-0.5 (3.0→2.5)* 
	-0.4 (2.0→1.6)* 
	-22 (93→71)* 


	Reference ID: 3842457 
	Reference ID: 4283489 
	Studies 1-4  used a prospective, randomized design, Studies 5-10 and 12 used a retrospective design, Study 11 is a systematic review of 33 additional published studies and study 12 reports the endpoints in patients who after septal ablation required myectomy because of residual outflow tract obstruction, % change in exercise capacity and NYHA and CCS scores between follow-up and baseline calculated from % change=[(meanfollow up – meanbaseline)/meanbaseline]•100; NR =not reported  NA=Not applicable  mean (sd
	a 
	b 
	c 
	d 
	e 
	f 
	g 
	h 
	I 
	k 
	l 

	Table Ib. Mean Dose-Effect Relationship for Alcohol Injected per Patient during PTSMA: Changes in Septal Thickness, Left Ventricular Ejection Fraction and Left Ventricular Dimension 
	Study 
	Study 
	Study 
	Alcohol a 
	Patientsb 
	Δ Septal Thicknessb 
	Δ LVEF 
	Δ LV Dimension 

	TR
	mL 
	n 
	mm 
	% 
	mm 

	1. Veselka 2011 (4) 
	1. Veselka 2011 (4) 
	1.1 (0.2) 2.5 (0.8) 
	37/34 39/35 
	-6.8 (21.0→14.2) * -9.2 (22.4→13.2)* 
	-2 (82→ 78)* -4 (80→76)* 
	4.0 (42.1 → 46.1)* 3.9 (43.5→ 47.4) 

	2. Veselka 2006a (7) 
	2. Veselka 2006a (7) 
	1.5 (0.4) 2.6 (0.6) 
	27/26 27/26 
	-6 (21→15)* -9 (22→13)*# 
	-1 (80→ 79)* -6 (81→ 75)* 
	5 (43→ 48) 3 (44→ 47)# 

	3. Veselka 2005a (8) 
	3. Veselka 2005a (8) 
	1.5 (0.4) 2.8 (0.4) 
	21/21 21/21 
	-8 (22→14)* -7 (21→14)* 
	NR NR 
	4 (43→ 47)* 3 (44→ 47)* 

	4. Veselka 2004 (9) 
	4. Veselka 2004 (9) 
	1.6 (0.4) 3.4 (0.9) 
	17/17 17/17 
	-8 (21→13)* -8 (22→14)* 
	-6 (81→ 75) -5 (80 →75) 
	3 (44→ 47)* 3 (44→ 47) * 

	5. Moss  2013  (10) 
	5. Moss  2013  (10) 
	4.1 (1.7) 
	145/139 
	-6 (20→ 14)* 
	NR 
	NR 

	6. Veselka 2014a (5) 
	6. Veselka 2014a (5) 
	1.5c 
	459/436 
	-3 (21→18)c* 
	0 (60 → 60) 
	2 (43→45)* 

	7. Veselka 2009d (11) 
	7. Veselka 2009d (11) 
	1.0 (0.1) 
	35/35 
	-6 (21→15)* 
	-3 (82 →79)* 
	4 (43→47) 

	8. Sorajja 2008   (12) 
	8. Sorajja 2008   (12) 
	1.8 (0.5) 
	138/138 
	NR 
	NR 
	NR 

	9. Fernandes 2008  (13) 
	9. Fernandes 2008  (13) 
	2.6 (1.0) 
	-5 (21 →16)e 
	-3 (68→65)e 
	NR 

	10. Faber 2007 (14) 
	10. Faber 2007 (14) 
	2.8 (1.2) 
	337/229 
	-5 (20→15)* 
	1 (78→79) 
	NR 

	11. van Dockum (15) 
	11. van Dockum (15) 
	3.3 (1.7) 
	24/24 
	-5 (21→16)* 
	-2 (69→67)* 
	NR 

	Range 
	Range 
	1.1-3.4 
	17-459/17-436 
	-3-(-) 9.2 
	1-(-)6 
	2-4 

	12. Alam 2006 (16) 
	12. Alam 2006 (16) 
	3.0 (0.6-4.8) 
	-7 (21→14)f* 
	-3 (74→71)g* 
	NR 

	13. Nagueh 2007 (17) 
	13. Nagueh 2007 (17) 
	2.9 (1.0) 
	20/20 
	-4 (23→ 19)* 
	-3 (74→71) 
	NR 


	NR =not reported Studies 1-4  used a prospective, randomized design, Studies 5-10 and 12 used a retrospective design, and Study 11 is a   systematic review of 33 additional published studies, % change in exercise capacity and NYHA and CCS scores between follow-up and baseline calculated from % change=[(mean follow up – meanbaseline)/meanbaseline]•100, NR =not reported  NA=not applicable  mean (sd) first number: Number of patients enrolled,  second number: Number of patients at follow-up: median 12 (range 0-
	a 
	b 
	c 
	d 
	e 
	f 
	g 

	Studies 1-4 used a prospective, randomized design, Studies 5-11 used a retrospective design; Study 12 is a systematic review of 34 additional, published studies and Study 13 reports the endpoints in selected patients who after septal ablation required a myectomy because of continuous residual outflow tract obstruction. The mean alcohol volumes injected during PTSMA in the studies ranged between 1.0 and 4.1 mL per patient.         
	The mean reduction of dyspnea, angina, LVOT and septal thickness in studies 1-13 are shown in the below Figures 6a-d: 
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	Figure 6a. LVOT, Figure 6b. NYHA Class, Figure 6c. CCS Class, Figure 6d. Septal Thickness. The blue diamonds represent mean values from Studies 1-11, the red rectangle is the mean value of Study 12 and the green ti·iangle represents the mean value ofStudy 13 in selected patients who after PTSMA experienced continuous outflow obstruction ( 4, 6-17). 
	The results ofStudiesl-12 indicate that the effect ofmean alcohol volumes between 1.0 and 4.1 mL on mean L VOT and NYHA scores is consistent. There is no ove1i evidence for a dose dependency. The effect ofalcohol on the mean change on CCS scores and septal thickness are more variable and an assessment ofa possible dose-dependency is more problematic. 
	The effect size for LVOT, CCS score and septal thickness repo1ied by Study 12 is within that of 
	Studies 1-11.The effect size for the NYHA score ofStudy 12 is slightly greater than that of 
	Studies 1-11. The results ofStudy 13 with patients who after undergoing PTSMA exhibited only 
	a small reduction ofLVOT (-22 mm Hg) show a clearly reduced effect of2.9 mL alcohol 
	volume on LVOT, NYHA and CCS scores. The fact that the improvements in NYHA and CCS 
	scores are as minimal as that in LVOT suggests that D.LVOT predicts the size ofthe 
	improvements in NYHA and CCS scores. 
	Reference ID: 3842457 Reference ID 4283489 
	There are limitations in the above comparison of the results of the individual Studies 1-11 with the mean results of Study 12. Study 12 did not report how the mean of the study means was obtained. The number of patients enrolled in Studies 1-11 varied between 34 and 629.  The number of subjects with information on endpoints of interest in Study 12 ranged from 720 to 2808. The follow-up period varied from 0 to 39 months in Studies 1-11 and was 12 months in Study 12. The follow-up time of Study 13 was not rep
	Exercise Capacity 
	Information on the impact of PTSMA on exercise capacity, measured as exercise duration, energy expenditure or peak oxygen consumption was available from 7 studies and the systematic review. The mean % increase in exercise duration, energy expenditure and peak oxygen consumption in patients who underwent septal ablation is shown in the below Table II: 
	Table II. Mean Percent Change in Exercise Capacity and Changes in New York Heart Association and Canadian Cardiovascular Society Functional Class in Patients Undergoing Septal Ablation 
	Study 
	Study 
	Study 
	Sample Size 
	Mean Age 
	Alcohol Volume 
	Δ Exercisea 
	ΔNYHAa 
	ΔCCSa 

	TR
	Duration 
	Expenditure 
	Vmax O2 

	TR
	n 
	Years 
	mL 
	% 
	% 
	% 
	Score 
	Score 

	Fernandes  (13) 
	Fernandes  (13) 
	619 
	54 
	2.6 (1.0) 
	53 
	12 
	-1.6 
	-1.1 

	Faber (14) 
	Faber (14) 
	155 
	53 
	2.8 (1.2) 
	27 
	17 
	-1.2 
	NR 

	Chang (18) 
	Chang (18) 
	224 
	52 
	2.4 (0.3) 
	34b 
	-1.2 
	NR 

	Gietzen (19) 
	Gietzen (19) 
	80 77 
	44 69 
	3.2 (2.1) 3.2 (2.1) 
	31 48 
	27 36 
	-1.4 -1.3 
	NR NR 

	Firoozi (20) 
	Firoozi (20) 
	19 
	49 
	3.0c 
	12 
	17 
	-0.6 
	NR 

	Nagueh 2001(21) 
	Nagueh 2001(21) 
	41 
	49 
	2-5d 
	44 
	26 
	-2.2 
	-0.9 

	Alam (16) 
	Alam (16) 
	720/787 
	54 
	3.0 (0.6-4.8) 
	34 
	51 
	33 
	-1.7 
	-1.5 

	Median (Range) 
	Median (Range) 
	39 (34-53)e 
	31 (12-51)e 
	26 (17-33)e 

	Nagueh 2007 (17) 
	Nagueh 2007 (17) 
	20 
	53 
	2.9 (1.0) 
	-2 
	-0.5 
	-0.4 


	% change in exercise capacity and NYHA and CCS scores between follow-up and baseline calculated from % change=[(meanfollow up – meanbaseline)/meanbaseline]•100 for data from publications 12-16, 18 and 19; for publication 17 the percent change in exercise capacity between follow-up and baseline was calculated by averaging the differences between the individual values at follow-up and at baseline as follows: % change= [(individual value at follow up – individual value at baseline)/individual valueatbaseline] 
	a 
	b 
	c 
	d
	e 

	The median increase in exercise duration, energy expenditure and peak oxygen consumption after PTSMA is 39, 31 and 26 %, respectively, in the top 7 studies of Table II indicating an improvement in objective exercise endpoints and support the improvements seen above in the subjective endpoints including dyspnea and angina as measured by NYHA and CCS scores.  The mean volume injected in the studies was too comparable for providing information on the relationship between alcohol dose and response. In contrast,
	The median increase in exercise duration, energy expenditure and peak oxygen consumption after PTSMA is 39, 31 and 26 %, respectively, in the top 7 studies of Table II indicating an improvement in objective exercise endpoints and support the improvements seen above in the subjective endpoints including dyspnea and angina as measured by NYHA and CCS scores.  The mean volume injected in the studies was too comparable for providing information on the relationship between alcohol dose and response. In contrast,
	consistency in the size of the improvement in the objective and subjective endpoints increases the plausibility of the latter and confirms the predictive properties of LVOT. However, the contrasting findings of Study 13 indicate also that injection of effective volumes of alcohol into a septal artery may not have the desired effect. 

	Alcohol Volume-Effect Relationship for Infarct Size and Cardiac Markers 
	The impact of volume and rate of injected alcohol on infarct size in piglets undergoing PTSMA is shown in Table III below: 
	Table III. Infarct Size in 20 Piglets after Injection of 0.5-2.0 mL Alcohol. Administered at Rates between 0.06 and 1.2 mL/s (22)   .
	Piglets 
	Piglets 
	Piglets 
	Alcohol  Injection 
	Infarct Size 

	Groups 
	Groups 
	Volume 
	Rate 
	Duration 

	TR
	mL 
	mL/s 
	s 
	% 

	I 
	I 
	0.5 
	0.2 
	2.5 
	4.26 (2.71)a 

	II 
	II 
	2.0 
	0.2 
	10 
	10.12 (4.55)a* 

	III 
	III 
	1.2 
	0.06 
	20 
	5.84 (1.21)b 

	IV 
	IV 
	1.2 
	1.2 
	1 
	7.11 (1.63)b 


	Infarct size was measured 6 h after injection of alcohol Injection into circumflex. coronary artery injection into left anterior descending coronary artery * Group II. statistically significantly different from Group I. 
	a 
	b 

	The design of the piglet study varied volume and rate of the injected alcohol. The results indicate that the volume of alcohol, but not the injection rate of alcohol is critical for the size of the infarction. The impact of volume and rate of the injected alcohol on the peak plasma concentration of the cardiac tissue marker CK-MB in HOMC patients after undergoing PTSMA in the 4 randomized and controlled studies is shown in Table IV below: 
	Table IV. Mean (SD) Peak Concentrations of CK-MB, a Cardiac Biomarker,. after Injection of Varying Volumes of Alcohol Given at Different Rates in. Patients with HOCM. 
	Humans 
	Humans 
	Humans 
	Alcohol Injection 
	CK-MB 

	Studies 
	Studies 
	Volume 
	Rate 
	Duration 
	Cmax 

	TR
	mL 
	mL/s 
	s 
	μkat/L 

	Veselka 2011 (4) 
	Veselka 2011 (4) 
	1.1(0.2) 2.5 (0.8) 
	0.5 0.5 
	2.2 5.0 
	1.7 (0.8) 2.6 (1.3)* 

	Veselka 2006a (7) 
	Veselka 2006a (7) 
	1.5 (0.4) 2.6 (0.6) 
	<0.017 <0.017 
	<88 <153 
	2.25 (1.00) 2.62 (1.57)* 

	Veselka 2005a (8) 
	Veselka 2005a (8) 
	1.5 (0.4) 2.8 (0.6) 
	0.017 0.017 
	88 165 
	2.33 (0.85) 3.79 (2.42)* 

	Veselka 2004  (9) 
	Veselka 2004  (9) 
	1.6 (0.4) 3.4 (0.9) 
	0.0125 0.0125 
	128 272 
	1.9 3.2* 


	* statistically significantly different from lower dose (p<0.05) 
	The injection rate varied among the studies in patients, but was constant within each study. The peak concentration of CK-MB increased statistically significantly when the alcohol volume was increased in the patients. However, the rate of alcohol injection appears not to impact Cmax of 
	Reference ID: 3842457 
	Reference ID: 4283489 
	CK-MB. Of note, the volume of alcohol injected in piglets normalized for body weight was 3 times greater than in the patients. Also, the injection rate of alcohol was much greater in the piglets than in the patients. There was agreement between the results in piglets and patients: The volume injected during PTSMA determines the size of the septal infarction.  The existence of a correlation between the volume of alcohol injected during PTSMA and Cmax of CK-MB is demonstrated by the below figures which show p
	Figure
	Figure 7: Impact of alcohol volume on peak CK-MB activity (23)
	Figure
	             Figure 8. Apparent linear relationship between peak CL-MB activity and alcohol volume (4) 
	Figure 7 suggests that the CK-MB activity is similar for injected alcohol volumes between 0.65 to 1.0 mL. A significant increase of CK-MB occurs when the volume of alcohol exceeds 1 mL. Figure 8 indicates that the relationship between CK-MB and the volume of alcohol injected during PTSMA is linear. However, the correlation explains only 29% of the observed variability. 
	There exist significant correlations between volume of alcohol injected and size of septal infarction and between infarction  size and peak CK-MB, and septal mass reduction or decrease in LVOT as shown in the below Figures 9-12: 
	Figure
	Figure 9: Apparent linear relationship between infarction size and alcohol volume (15)
	Figure
	                       Figure 10. Apparent linear relationship between peak CK-MB and Size of 
	                       Figure 10. Apparent linear relationship between peak CK-MB and Size of 


	myocardial infarction (15) 
	Figure 11. Apparent linear relationship between septal mass reduction and size of myocardial infarction (15) 
	Figure
	Figure 12: Apparent linear relationships between left ventricular outflow gradient and size of myocardial infarction (15) 
	Figure 12: Apparent linear relationships between left ventricular outflow gradient and size of myocardial infarction (15) 


	In conclusion, the injection of alcohol during PTSMA has a desirable effect on improving exercise capacity, reducing dyspnea and angina, LVOT, and septal thickness in patients. Patients with NYHA Score II at baseline improve to NYHA Score I after PTSMA. Similarly, patients with CCS Score II at baseline change to Score I after PTSMA. Ablation also reduces septal thickness and LVEF, but increases LV dimension. There is no overt evidence for a dose dependency of LVOT for alcohol volumes in the range between 1.
	2.2.4.2 What are the characteristics of the exposure-response relationships for safety? 
	Incidence rates for safety were available from 3 sources: 1. The four randomized controlled trials (4,7,8) 2. The six uncontrolled registry studies (5,10-15,17) and 3. The systematic review article (16). The primary focus was on the dose-response relationship of the major safety related endpoints including need for implantation of a permanent pacemaker (PPM), incidence rate of BBB, VF and need for implantation of an ICD. 
	The below Table V lists the incidence rate of reported safety endpoints in the 4 controlled, randomized studies: 
	Table V. Incidence of Safety Endpoint after Injection of Varying Mean Alcohol Volumes to Patients during PTSMA in Randomized Controlled Studies 
	Study 
	Study 
	Study 
	n 
	Alcohol 
	Incidence of Endpoints 

	TR
	mL 
	n (%) 

	TR
	PPMa 
	BBBb 
	VFc 
	ICDd 

	Veselka 2011 (4) 
	Veselka 2011 (4) 
	37 39 
	1.1(0.2) 2.5(0.8) 
	2 (5) 2 (5) 
	17 (46) 17 (44) 
	2 (5) 1 (3) 
	2 (5) 1 (3) 

	Veselka 2006 (7) 
	Veselka 2006 (7) 
	27 27 
	1.5 (0.4) 2.6 (0.6) 
	4 (16)e 1 (5) e 
	13 (54)e 15 (75)e 
	NR NR 
	NR NR 

	Veselka 2005 (8) 
	Veselka 2005 (8) 
	21 21 
	1.5 (0.4) 2.8 (0.6) 
	2 (10)e 2 (10)e 
	7 (44)e 6 (35)e 
	3 (7)f 
	NR NR 

	Veselka 2004 (9) 
	Veselka 2004 (9) 
	17 17 
	1.6 (0.4) 3.4 (0.9) 
	2 (12)e 2 (12 )e 
	16 (59 ) e,f 
	2 (6)f 
	NR NR 


	a
	NR= Not reported  Permanent complete AV-block and need for permanent pacemaker bundle branch block VF= ventricular fibrillation, VT=ventricular tachycardia Implantable cardioverter/defibrillator in initially non-paced patients in both groups together 
	b 
	c 
	d 
	e 
	f 

	Given the relative small number of enrollees in the 4 studies there was reasonable agreement of the results of the need for implantation of a permanent pacemaker (PPM) in 5-16 % of the cases, an incidence rate of about 35-75 % for BBB and an occurrence of 3-7% of VF. There was no overt evidence for a dose dependency for PPM or BBB. 
	The incidence rate of safety parameters in the registry studies are shown in the below Table VI: 
	Table VI. Incidence of Safety Endpoints after Injection of Varying Mean Volumes of Alcohol during PTSMA in Uncontrolled Registry Studies 
	Study 
	Study 
	Study 
	n 
	Alcohol 
	Incidence of Endpoints 

	TR
	mL 
	n (%) 

	TR
	Permanent PMa 
	BBBb 
	VF/VT 
	ICDc 

	Moss (10) 
	Moss (10) 
	145 
	4.1 (1.7) 
	1 (1) 
	NR 
	2 (<1) 
	1 ( <1) 

	Veselka 2014 (5) 
	Veselka 2014 (5) 
	459 
	1.5 (0.4-4.5)d 
	43 (9)e 
	189 (41) 
	3 (0.7) 
	10 (2) 

	Veselka 2009 (11) 
	Veselka 2009 (11) 
	35 35 
	1.0(0.1) 2.5 (0.8) 
	2 (6) 2 (6) 
	11 (31) 14 (40) 
	NR 
	NR 

	Sorajja 2008 (12) 
	Sorajja 2008 (12) 
	138 
	1.8 (0.5) 
	28 (20) 
	2 (1) 
	3 (2.0)f 
	2 (1) 

	Fernandes 2008 (13) 
	Fernandes 2008 (13) 
	629 
	2.6 (1.0) 
	52 (8) 
	NR 
	NR 
	NR 

	Nagueh 2007 (17) 
	Nagueh 2007 (17) 
	20 
	2.0 (1.0) 
	2 (10) 
	NR 
	NR 
	NR 


	c
	NR= Not reported  permanent complete AV-Block and need for permanent PM bundle branch block implantable cardioverter defibrillator median (range) including 5 resuscitations for complete heart block one VT ablated  by radiofrequency 
	a 
	b 
	d
	e 
	g 

	The incidence rate for PPM, BBB, VF and ICD found in the registry studies were compatible with those reported in the controlled, randomized studies. 
	The findings on the incidence rate for the safety endpoints by the systematic review article are shown in the below Table VII (16): 
	Table VII. Incidence of Safety Endpoints in Patients undergoing PTSMA after Injection of 3.0 mL (0.6-4.8 mL) (42 studies/cases) 
	Safety Endpoint Patients Mean (SEM) Range 
	Table
	TR
	n 
	% 
	% 

	Complete AV block requiring PPM" 
	Complete AV block requiring PPM" 
	1869 
	11 (0.2) 
	0-40 

	NewRBBB0 
	NewRBBB0 
	381 
	46 (0.7) 
	0-75 

	New LBBBc 
	New LBBBc 
	322 
	6.5 (0.3) 
	0-17 

	Ventricular fibrillation 
	Ventricular fibrillation 
	464 
	2.2 (0.1) 
	0-13 

	Corona1y a1te1y spasm 
	Corona1y a1te1y spasm 
	292 
	1.4 (0.2) 
	0.4-13 

	RedoPTSMA 
	RedoPTSMA 
	1140 
	6.6 (0.2) 
	0.3-16 

	Post PTSMA myectomy 
	Post PTSMA myectomy 
	1044 
	2.0 (0.1) 
	0.4-6.9 

	Coronary dissection 
	Coronary dissection 
	434 
	1.8 (0.1) 
	0.4-4.6 

	Pericardia! effusion 
	Pericardia! effusion 
	355 
	0.6 (0.02) 
	0.4-1.1 

	Persistence of symptoms 
	Persistence of symptoms 
	724 
	11 (0.2) 
	5.0-25 

	Stroke 
	Stroke 
	361 
	1.1 (O. l ) 
	0-4.0 

	In-hospital mortality 
	In-hospital mortality 
	2995 
	1.5 (0.03) 
	0-5.0 

	Late m01tality (all cause) 
	Late m01tality (all cause) 
	2840 
	0.5 (0.03) 
	0-9.3 


	a • u • c
	pemianent pacemake1 nght btmdle branch block left btmdle branch block 
	The mean incidence rate for complete AV block, BBB' s and VF was estimated to be 11%, 5 3 % and 2.2%, respectively, confinning the findings from the randomized and controlled studies and the uncontrolled registry studies. The systematic review aiiicle estimated the incidence rate for in-hospital mo1iality ofPTSMA and late mo1iality (all cause) of 1.5% and 0.5%, respectively. A large registry study showed that patients treated with > 2.0 mL alcohol exhibited a higher total mo1iality than patients tr·eated wi
	2.2.4.3 Does this drug prolong the QTIQTc Interval? 
	A spillage of alcohol into coronary aiieries other than the targeted septal aiie1y or into the systemic circulation during PTSMA is not expected. Thus, an impact on the QT/QTc interval is unlikely. 
	2.2.4.4 Is the dose and dosing regimen selected by the sponsor 
	---~~~~~~~~~~
	-

	icant's label recommends 
	Figure
	Figure
	(b)(4•-
	Figure
	2.2.5 What are the PK characteristics ofthe drug? 
	Spillage of alcohol from the tai·get septal arte1y into the left anterior descending coronai·y a1iery is prevented by inflating an "over the wire" balloon proximal to the catheter tip. Ifspillage were 
	to occur it could lead to an occlusion of the left anterior descending coronary artery and result in a larger infarction. Spilling of alcohol into the systemic circulation is not expected. Therefore, monitoring of blood levels after injection of alcohol during PTSMA is not considered helpful. 
	2.3 Intrinsic Factors 
	2.3.1 What intrinsic factors influence exposure and/or response, and what is the impact of any differences in exposure on efficacy or safety responses? 
	Among the intrinsic factors age, body weight, sex and race only the possible impact of age on the endpoints impacted by PTSMA was investigated as shown Table VIII: 
	The below Table VIII summarizes the effect of age on the outcomes of PTSMA (19): 
	Table VIII. PTSMA: Impact of Age on Mean Changes in Cardiovascular 
	Parameters by PTSMA 
	Age 
	Age 
	Age 
	Patients 
	Alcohol 
	ΔNYHAa 
	Δ Exercise Capacitya 

	years 
	years 
	n 
	mL 
	Class 
	%b 
	%c 

	46 69 
	46 69 
	80/77d 77/69d 
	3.2 (2.1) 3.2 (2.1) 
	-1.4* -1.3* 
	31* 48* 
	27* 36* 


	Change from baseline exercise expenditure peak O2 consumption first number at .baseline, second number at follow-up * statistically significant different from baseline #. statistically significant different between groups. 
	a 
	b 
	c 
	d 

	A comparison of the outcomes in HOCM patients in the age < 60 years and ≥ 60 years shows a 
	similar improvement in exercise capacity and NYHA functional class at follow-up 7 months after ablation. Significant differences compared to the younger group included a greater need for permanent pacemaker implantation. Age was identified as an overall predictor of increased overall mortality in patients undergoing septal ablation (23) 
	2.3.2 Based upon what is known about E-R relationships and their variability, what dosage regimen adjustments are recommended for each group? 
	No adjustment of the volume of alcohol injected is necessary in patients ≥ 60 years. 
	2.3.1.2 Pediatric Patients 
	Dehydrated alcohol for percutaneous transluminal septal myocardial ablation has not been evaluated for pediatric use. 
	2.3.1.3 Race 
	The impact of race has not been evaluated. 
	2.3.1.4 Sex 
	The impact of sex has not been evaluated. 
	2.3.1.4 What pregnancy and lactation Information is there in the label? 
	8.1 Pregnancy: 
	Risk Summru 
	Maternal use 1s not expectea to resultm fetal exposure to tlie ruug. 
	--~~~~~~~~
	-

	Clinical Consideration ANLYSINOL for percutaneous transluminal septal myocru·dial ablation has not been evaluated in pregnant women and is not recommended during pregnancy. When possible, the percutaneous transluminal septal myocru·dial ablation procedure should be postponed in women until <6H<l1 the 
	postpruium period. 
	Data Animal reproduction studies have shown an adverse effect on the fetus and chronic fetal alcohol exposure is known to cause developmental defects in human. The developmental effects ofacute ethanol exposure, such as ><" from percutaneous transluminal septal myocru·dial ablation, have not been studied in pregnant or lactating women. 
	111

	8.2 Lactation ABLYSINOL is not ex_pected to increase significantly the systemic concentrations of endogenous alcohol <1>>r• administration into a septal rute1y during percutaneous transluminal septal myocru·dial ablation and breast feeding is not expected to result in exposure of the child to the dmg. 
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