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Executive Summary 

Introduction 

Belcher Phannaceuticals, LLC (Belcher) is re-submitting this 505(b )(2) New Drng Application 
(NDA) for Dehydrated Alcohol Injection, USP (ABL YSINOL®). The original NDA was 
submitted in 2015 and a Complete Response was issued due to the CMC deficiency. 

ABL YSINOL® is indicated to induce controlled cardiac septal infarction to improve exercise 
capacity in patients with symptomatic hypertrophic obstrnctive cardiomyopathy who are not . 

4
candidates for surgical myectomy. The proposed clinical dose will be approximately (bH l . 

(b)(4J 

Little if any injected ethanol is expected to reach systemic 
circu abon from the ablated septal vessel. 

This product received 01phan designation (13-4025) for a broader indication of ti·eatment of 
HOCM on 11September 2013. 

Brief Discussion of Nonclinical Findings 

Dehydrated Alcohol Injection, USP acts as a potent tissue toxin that produces a myocardial 
infarction when injected percutaneously into a target septal vessel, which causes the 
hypertrophied septum to thin. The sponsor has not conducted any nonclinical studies. In the 
original NDA, nonclinical infonnation was submitted as summaries ofkey studies and data from 
the published literature. The nonclinical review was completed in the 1st review cycle and 
detennined there was no approvability issue 

No additional nonclinical info1mation is submitted in the cmTent application. No issues regarding 
excipients/impurities are identified. In this review cycle, the compatibility data between the diug 
product and the percutaneous ti·anslmninal catheter submitted for CMC review was evaluated 
from phannacology/toxicology perspective. The compatibility data showed that the leachates 
(less than ~~ ppm at ~~ rnin of incubation) were not at the level of toxicological concern. The 
phaimacological class is dete1mined to be "ablative agent" . This application is considered the 1st 
one in the class. 

Recommendations 

Approvability 

The application is approvable from a Phaimacology and Toxicology perspective, consistent with 
the recommendation from the original nonclinical review. 

Additional Non-Clinical Recommendations: No additional recommendations. 

Labeling 

The label is acceptable from the Phaimacology Toxicology perspective. 

Reference ID: 4286389 
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Assessment of Leachates from the Delivery Catheter 

The compatibility data for the use of the drng product with percutaneous transluminal catheters 
was provided in eCTD seq. 0011 , dated 10/30/2015, module 1.11 .1. 

Belcher determined from the public literature that the most frequently used percutaneous 
transluminal catheters for the ercutaneous trnnsluminal se tal myocardial ablation PTSMA) 
~e are the ~ .from lbll

4 

L~bll4 and the lb> 
141 from Bothiui '" 

catlieters were tested. Etliano (b>< 
4 
> USP, ACS reagent graoe was purcliaseo from ,_,,,_.,.... 

Each catheter device was incubated with 14.0 to15.3 mL pure ethanol solvent for 3, 6, 9, 
12, 15, 30, and 60 minutes, and 24 hours at 37 ± 2°C, which exaggerated the conditions of use, 
per ISO 10993-12 and ISO 10993-18. Naphthalene was used as the internal concentration 
standard in extract samples undergoing GC/MS. 

A larger volume of ethanol was used than in the actual PTSMA procedure, and the exposure 
lasted for 24 hours; therefore, a greater surface area of the catheter was exposed for a greater 
length of time to the ethanol than would be exposed during PTSMA. Several time points within 
the first hour were included in the rotocol because the actual catheter in the PTSMA rocedure 

(bll'is used for about 5 minutes. 

The following table lists leachates that exceeded ::~ppm. Based on the literature toxicological 
data, the Sponsor concluded that these leachates are non-mutagenic impurities. 

Incubation Time and Relative Concentration for Leachates abover~~ ppm 
Catheter I Identity I 15 min I 30 min I I hr I 24 hrs 

ltill4 

The rigor of the extraction process was such that the duration of exposure was established well 
beyond the actual duration of the clinical procedure, and the catheter was exposed to the alcohol 
on both the inside and outside. Both these factors over-estimate the potential for leachates 
derived from the catheter. It is clear to this reviewer that the amounts of leachates at 1~ minutes 
represents a reasonable and still conservative estimate of the likely exposure to these 3 
compounds (less than 1:jppm). 

As ABL YSINOL® is intended for single use, the level of these leachates is below the threshold 
of toxicological concern per ICH M7 2014, hence, is acceptable. 
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NDA # 207,987 Reviewer: Jean Wu 

1 Executive Summary 
1.1 Introduction 

This is a 505(b)(2) application. Dehydrated Alcohol is used in performing 
percutaneous transluminal septal myocardial ablation (PTSMA). It acts as a 
potent tissue toxin that produces a myocardial infarction when injected 
percutaneously into a target septal vessel, which causes the hypertrophied 
septum to thin. The sponsor is relying on data from the published literature and 
an additional database of patient-level outcomes for 100 patients with 
hypertrophic obstructive cardiomyopathy (HOCM) treated by PTSMA. 

There are significant approvability issues from CMC for the current application 
(see CMC review of this NDA). 

1.2 Brief Discussion of Nonclinical Findings 
The sponsor has not conducted any nonclinical studies of the drug, Dehydrated 
Alcohol Injection, USP. Nonclinical information is submitted as summaries of key 
studies and data from the published literature. It should be noted that these 
studies were not necessarily GLP compliant. The approval, therefore, should 
mainly be based on clinical experience of alcohol used in PTSMA in which 
safety/efficacy is determined.  

Based on literature reports, up to 4 repeated intravenous doses of absolute 
ethanol (0.1 mL/kg per dose) at 10 minute intervals, i.e. about 11.2 mL, were 
tolerated in pigs whereas cardiovascular collapse (defined as mean systemic 
arterial blood pressure < 40 mm Hg or severe bradycardia <35 beats/min) was 
observed after 5 to 9 doses, with a mean total volume of 24.4 mL. 

Literature reports suggest that ethanol is not mutagenic in the in vitro bacterial 
reverse mutation (Ames) assay or clastogenic in in vitro chromosomal aberration 
assays. Ethanol is metabolized to acetaldehyde, which is a known mutagen. 

Chronic ethanol ingestion is associated with various cancers in humans. Given 
that Dehydrated Alcohol is to be used acutely, and is not expected to significantly 
increase the systemic concentration of endogenous alcohol following 
administration into a septal artery during PTSMA, the recommended clinical use 
of the drug product is not expected to carry a potential carcinogenic risk. 

Ethanol is known to have adverse effects on the fetal development. Since 
Dehydrated Alcohol is not expected to significantly increase the systemic 
concentration of endogenous alcohol following administration into a septal artery 
during PTSMA, the intended clinical use of the drug product is not considered to 
have a potential risk for fetal development in pregnant women. 
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1.3 Recommendations 

1.3.1 Approvability 

There is no approvabil ity issue from pharmacology/toxicology perspective. 

1.3.2 Additional Non Clinical Recommendations 

None. 

1.3.3 Labeling 

Note: The proposed changes are made in a tracking change format, i.e. cross out 
means deletion and underline means insertion. 

Section 8.1 Pregnancy 

Comments: Reorganize th is section to comply with the format per PLLR, i.e. cross out 
Pregnancy category, and add sub-sections of "Risk Summary", "Clinical Consideration" 
and "Data". The conclusion about systemic availability of Dehydrated Alcohol following 
the intended cl inical use is based on the updated cl inical pharmacology's comment on 
the draft labeling of October 29, 2015. 

Proposed changes 

(bl1' · Risk Summaiy 

Clinical Consideration 

(b)(4 

for percutaneous ti·ansluminal septal myocardial ablation has not been evaluated in pregnant 
women and is not recommended during pregnancy. When possible, the percutaneous 
ti·ansluminal septal m ocardial ablation rocedure should be os oned in women until (bl1' the 

os artum eriod. lb> < 
4 

Data. 
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Animal reproduction studies have shown an adverse effect on the fetus and chronic fetal alcohol 
exposure is known to cause developmental defects in humans. The developmental effects of 
acute ethanol ex osure such as from ercutaneous transluminal se tal m ocardial ablation have 
not been studied in pregnant or lactating women. 

Section 8.2 Lactation 
Comment: add th is section to comply with PLLR format. Content was referred to Clinical 
Pharmacology's comment for the draft labeling. 

Proposed Change: 
8.2 Lactation 

endo 

Section 13.1 Carcinogenesis, Mutagenesis, Impairment of Ferti lity 
Comment: Statement for <bll.ill seems unnecessary and can be removed. 
Based on clin ical pharmacology cone us1on, dehydrated alcohol is not expected to 
increase significantly the systemic concentration of endogenous alcohol with intended 
clinical use. Therefore, the carcinogenic risk in patients is considered minimal and such 
assessment should be added in the label. 

Ethanol (of alcohol beverages) was added to Group 1 International Agency for Research on 
Cancer (IARC) Carcinogenicity Ratings (!ARC monographs) . Substances in this group are either 
carcinogenic to humans, or there is sufficient evidence of carcinogenicity in experimental 
animals and strong evidence in ex osed humans that the substance acts through a relevant 
mechanism of carcinogenicity. ltiH• -Alcohol consumption 
has been associated with various cancers, in?luding liver, esophageal, breast, prostate ,~ and 

> the recommended clinical use of the drng product is not 

colorectal cancer. Since !bH4J <bll• is not 
expected to ---cii'i(4 

4 
lb>< 

-----~~-----~-~ expected to cany a carcinogenic risk. 

Section 13.2 Animal Toxicology and/or Pharmacology 
Comment: Information regarding "------------.111n" 

is not critical to support clinical efficacy or safety, hence, it's not 
necessary ana can be removed. 
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The median lethal dose LD50 values for ethyl alcohol given by intravenous, 16>1" and 
oral routes are !bll4 in mice, respectively. The 
LDso for ethyl alcohol given by subcutaneous injection is <b><4 in mice. 

2 Drug Information 

2.1 Drug 

CAS Registry Number (Optional): 64-17-5 

Generic Name: Dehydrated Alcohol 

Code Name: N/A (Trade Name: Ablysinol®) 

Chemical Name: Ethanol [Ethyl Alcohol, Hydroxyethane] 

Molecular Formula/Molecular Weight: C2H60 /46.07 

Hp~OH
Structure: 

Pharmacologic Class: Undetermined. (Note: Alcohol or Ethanol itself can be considered 
a class based on its chemical structure). 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

IND 118,379 (pre IND meeting response); DMF 

2.3 Drug Formulation 

Dehydrated Alcohol, USP is a solution of::::: <~% by volume of ethanol supplied in 
a sterile 16m glass ampoule. 

2.4 Comments on Novel Excipients 

The product contains no bacteriostat or antimicrobial agent (other than ethanol) 
and no added buffer. <bll.ill is used during the manufacturing_erocess to <bll" 

(bJl.il
jJl.il is i:iharmacopoeial in the USP/NF. 

2.5 Comments on lmpurities/Degradants of Concern 

The imourities in drug substance including ""' r~T "''.'.] ppm), ""' 
(NMT ::1 pm), sum of !b><4 (f\J KllT {1>)<"1ppm) and others (Nl'VlT 
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16
>1" ppm) are considered acceptable by CMC review team. However, for drug 

product, per FDA's recommendation, the sponsor agreed to provide the revised 
specification with quantitative tests but the validated analytical methods and the 
final specification are pending. In addition, it appears that the drug substance 
manufacturer, >H"l, may not continue to manufacture the drug substance for 
the sponsor, and therefore, the drug substance suppl ier is expected to change. 

The compatibil ity data between the drug product and the percutaneous 
transluminal catheter as requested by CMC review team has not yet been 
provided . 

After CMC review of the updated information, it will be determined if there is a 
need for additional nonclinical studies to address any potential concerns for 
impurities/degradants and extractables. Please refer to the CMC review of this 
NOA for details. However, as the intended clinical use is not expected to achieve 
significant systemic exposure to the drug product and to any low level impurities, 
it is unl ikely that additional noncl inical testing for qualifying impurities/degradants 
will be needed. 

2.6 Proposed Clinical Population and Dosing Regimen 

Proposed cl inical population: 

16Patients with symptomatic, >1" , hyi:iertroi:ihic obstructive 

card iomyopathy (HOCM) 


--~~~~~~~~~~~~~~~~-

Dosing regimen : 

(b) (4j 

2.7 Regulatory Background 

A pre-IND (IND No. 118,379) meeting was requested and a preliminary meeting 
response was provided by the Division on 05/22/2013. In the letter, the Division 
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agreed that no additional pharmacology/toxicology studies are needed for the 
NDA approval for this 505(b)(2) submission. 

This product received orphan designation (13-4025) for treatment of HOCM on 
11 September 2013. 

3 Studies Submitted 
3.1 Studies Reviewed 

No nonclinical studies have been performed by the sponsor. The summaries of 
studies and data from the published literature are submitted and reviewed. 

3.2 Studies Not Reviewed 
None 

3.3 Previous Reviews Referenced 
None 

4 Pharmacology 
Dehydrated Alcohol is to be used as a potent tissue toxin that produces a 
myocardial infarction when injected percutaneously into a target septal vessel, 
which causes the hypertrophied septum to thin (Veselka 2004). Two animal 
studies examined PTSMA for treatment of HOCM. 

Guo R et. al: A new strategy for septal ablation with transendocardial ethanol 
injection using a multifunctional intracardiac echocardiography catheter: a 
feasibility study in canines.  Catheter Cardiovasc Interv. 2011, 78(2):316-23 

In this study, a multifunctional intracardiac echocardiography catheter (10F) was 
guided into the right ventricle in 9 dogs and the left ventricle in 3 dogs. A dose of 
0.5, 1.0, or 1.5 mL absolute ethanol was injected into the interventricular septum. 
ECG recordings were obtained during the whole procedure. Three hours after 
this operation, the heart was harvested for gross and histological examination. 

Different amounts of ethanol infusion produced a dose-related effect on extent of 
myocardial ablation. Macroscopic examination showed that the target 
myocardium became pale with a distinct border between lesions and normal 
tissue. Hematoxylin and eosin staining further confirmed necrosis within the 
injection region. Transendocardial ethanol injection at the interventricular septum 
resulted in controlled myocardial infarction. 

All canines survived until sacrificed. In all animals, ECG showed no evidence of 
atrioventricular blockage or sustained arrhythmia during the procedure; however, 
transient premature ventricular contractions were observed when the needle 
advanced into the myocardium and during ethanol infusion. Complications 
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including septal rupture, acute mural thrombus, remote myocardial infarction, and 
pericardial effusion were not observed in this study. 

Li ZQ et al: Experimental study of relationship between intracoronary alcohol 
injection and the size of resultant myocardial infact. Int J Cardiol. 2003, 91(1): 93
6 

As shown in the table below, twenty piglets were randomly divided into 4 equal 
groups according to the volume and the velocity of intracoronary absolute alcohol 
injection and the coronary arteries injected. 

Continuous ECG monitoring was carried out. After angiography via the right 
femoral artery, an over-the-wire balloon angioplasty catheter with its deflated 
balloon was advanced over a 0.014 inch steerable guide wire to the site that was 
preselected—either mid segment of the LAD coronary artery or the left circumflex 
coronary artery. The artery was then occluded by inflating the balloon, and 
absolute alcohol was injected through the inflated balloon into the vessel 
according to preselected volume and velocity by using a volumetric infusion 
pump. After 5 minutes, the balloon was deflated and the balloon catheter slowly 
withdrawn. The myocardial infarcts were then quantitatively measured (TTC 
staining) 6 h after myocardial ablation. 

Group Volume (mL) Rate (mL/s) Coronary artery Infarct Size 
I 0.5 0.2 left circumflex 4.26±2.71(%) 
II 2.0 0.2 left circumflex 10.12±4.55(%) 
III 1.2 0.06 LAD 5.84±1.12(%) 
IV 1.2 1.2 LAD 7.11±1.63(%) 
LAD=left anterior descending 

The result of myocardial infarct size is presented in the table above. There were 
significant differences in myocardial infarct size with different volumes of 
intracoronary absolute alcohol injection (P<0.05) via the left circumflex coronary 
artery, but there were no apparent differences found in myocardial infarct size 
with different velocities of intracoronary alcohol injection via the LAD coronary 
artery, indicating  that myocardial infarct size was directly related to the volume of 
intracoronary absolute alcohol injection during myocardial ablation by a catheter 
but had no relation to the injection velocity. 

5 Pharmacokinetics/ADME/Toxicokinetics 
During PTSMA, small volumes (1-2 mL) of absolute ethanol are injected into a target 
septal vessel, and spillage into the patient’s blood stream is prevented by the occlusion 
balloon catheter. The blood in this vessel is denatured by the injected alcohol. The 
alcohol becomes trapped, absorbed, and oxidized in this well-defined zone of 
myocardial necrosis, and little if any reaches systemic circulation. If by chance any 
alcohol did enter systemic circulation, elimination would be in the first-order kinetics 
elimination range. 
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Based on clinical pharmacology reviewer’s comment for draft labeling of October 29, 
2015, the drug product is not expected to increase significantly the systemic 
concentration of endogenous alcohol following the proposed clinical use. Even if all 
injected alcohol dose (e.g. 2 mL) enter into the systemic circulation, the exposure will be 
low. For a 70 kg patient, the dose will be 23 mg/kg and the ethanol concentration will be 
320 mcg/mL assume a blood volume of 5 L and ethanol is not distributed to the tissues. 

Ethanol is metabolized, mostly in the liver, to acetaldehyde or acetate. In humans, pure 
ethanol is metabolized at a rate of 10 to 20 mL/hour (B Braun Medical, Inc  2006), so 
the ethanol will be eliminated within 12 minutes of injection. Refer to a brief overview of 
the systemic pharmacokinetics of alcohol in humans in the clinical section and Clinical 
Pharmacology review for details. 

6 General Toxicology 
Shi BS et al: Cardiovascular effects and predictability of cardiovascular collapse after 
repeated intravenous bolus injections of absolute ethanol in anesthetized pigs. J Vasc 
Interv Radiol. 2010, 21(12): 1867-72 

In this study, 3-6 month old anesthetized pigs (11 males, 9 females) weighing 28-38 kg 
were administered 0.1 mL/kg absolute ethanol intravenously through the inferior vena 
cava central to the renal vein at 10-minute intervals to a total dose of 1.0 mL/kg. The 
total doses were 2.8-3.8 mL/dose with a maximum total dose of 28-38 mL. 
Hemodynamic parameters were measured. Histopathology was not performed in this 
study. 

Among the 20 pigs, 12 died before the final injection. The mean number of injections 
before the occurrence of cardiovascular collapse (defined as mean systemic arterial 
blood pressure < 40 mm Hg or severe bradycardia <35 beats/min) was 7.2 (range 5–9), 
and the mean total injected volume was 24.4 mL (0.72 ± 2.5 mL/kg body weight). 

Hemodynamic parameters (shown in the table below, excerpted from Table 2.4-1, page 
6, Section 2.4) measured immediately before the injection of absolute ethanol did not 
differ between the cardiovascular collapse group and the no-collapse group except that 
among animals with cardiovascular collapse, the injection immediately before the 1 
causing cardiovascular collapse resulted in a statistically significant increase in mean 
pulmonary arterial pressure, pulmonary vascular resistance and right ventricular end-
diastolic volume. No such increases were observed in the no-collapse group. 

All of the pigs tolerated up to four 0.1 mL/kg doses (0.4 mL/kg), i.e. the total doses of 
11.2 and 15.2 mL for the pigs (28 - 38 kg) used in the study. 
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7 Genetic Toxicology 
Ethanol itself has very low genotoxic potential. Since it is an excellent solvent, it has 
been used as a solvent in genotoxicity studies. In the in vitro bacterial reverse mutation 
assays (Ames Assay), ethanol was administered at a volume of 100 mcL/plate (79 
mg/plate) which exceeds the maximum dose recommended for regulatory tests (5 
mg/plate; ICH S2(R1)) by a factor of about 16. 

In mammalian chromosomal aberration studies in human peripheral lymphocytes 
and Chinese Hamster Lung (CHL) cells, ethanol was administered at a 1% 
concentration (100 mcL/10 mL). This concentration is equivalent to a dose of 7.9 
mg/mL, which exceeds the maximum dose recommended for regulatory tests (0.5 
mg/mL; ICH S2(R1)). 

Many studies have examined the genotoxic potential of ethanol (reviewed in Phillips 
2001). Some results are shown in the tables below (excerpted from page 8-9,Table 2.4
2, Table 2.4-3 in Section 2.4, source from Phillips 2001). Ethanol was negative in the 
standard battery of studies. However, ethanol is metabolized to acetyladehyde, which is 
a known mutagen (IARC 2012: p.471, Section 4.3.2 consideration 7), although in the 
data from Phillips 2001 shown below, mutagenicity or clastogenicity is not apparent in 
the presence of S9. 

11
 

Reference ID: 3839731 
Reference ID: 4283489 



Table 2.4-2 Ethanol Results in Ames Assay 

Table Al. Aines lest liistory profile: vehicle control values 1998 

Strain 

TAI OO TA9& TAl535 TAl537 TAI02 

- S9 -'-S9 - S9 +S9 - S9 +s9 -S9 + S9 - S9 +S9 

No. of values 342 339 337 3-IO 34 1 331 323 325 20 22 
Mean 124 125 31 36 26 18 II 14 262 185 
SD 16 16 6 6 5 4 3 3 31 32 
Min. 73 81 15 22 12 10 5 6 191 231 
Mrut. 173 170 45 54 38 37 20 23 304 363 

Table All. Ames test history profile: elh:lnol control values 1998 

Strain 

TAI OO TA98 TAl535 TAl537 TA IOl 

-S9 + 9 -S9 +S9 -S9 +S9 -59 +S9 -S9 +59 

No. of \'tliues 19 19 20 2Q 18 17 18 18 l l 
Me:lll 118 131 35 37 JO 30 13 15 290 3W 
SD 6 13 4 I 6 3 4 6 
Min. 113 121 32 36 26 28 4 6 
Mrut. 122 140 38 37 34 3'.l 15 19 

Source: Phillips 2001 

NDA # 207,987 Reviewer: Jean Wu 
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8 Carcinogenicity 
Since ethanol is to be administered acutely, carcinogenicity studies are not required per 
ICH Guideline S1A. 

Based on public information, the International Agency for Research on Cancer (IARC 
2012) evaluated the carcinogenicity of ethanol and alcoholic beverages in 2012. IARC 
concluded that alcohol consumption causes cancers of the oral cavity, pharynx, larynx, 
esophagus, colorectum, liver (hepatocellular carcinoma), and female breast. Also, an 
association has been observed between alcohol consumption and cancer of the 
pancreas. However, there is evidence suggesting a lack of carcinogenicity for cancer of 
the kidney and non-Hodgkin’s lymphoma (IARC 2012: p. 472, first 2 paragraphs). 

From IARC, it was concluded that there is sufficient evidence in experimental animals 
for the carcinogenicity of ethanol. In addition, ethanol in alcoholic beverages was 
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concluded to be carcinogenic to humans. IARC concluded that the ethanol component 
is specifically carcinogenic to humans. 

In the National Toxicology Program (NTP) Report on Carcinogens, Twelfth Edition, it 
reported that consumption of alcoholic beverages is carcinogenic to humans based on 
sufficient evidence from studies in humans. 

However, the NTP states that no adequate studies of the carcinogenicity of alcoholic 
beverages in experimental animal have been reported. In contrast to IARC, NTP 
concluded that the results of studies specifically examining the carcinogenicity of 
ethanol in experimental animals do not suggest that the ethanol component of alcoholic 
beverages is solely responsible for the increased risk of cancer associated with human 
consumption of alcoholic beverages (NTP 2011). 

In the current application, the average dose will be approximately 2 mL/procedure, 
which would give a peak theoretical blood level of 320 mcg/mL, assume all injected 
ethanol enter into the systemic circulation. In fact, following administration into a septal 
artery during PTSMA, dehydrated alcohol is not expected to increase significantly the 
systemic concentration of endogenous alcohol. Therefore, the intended acute clinical 
use of the drug product is not considered to carry a carcinogenic risk. 

9 Reproductive and Developmental Toxicology 
No additional reproductive and development toxicology studies were conducted for the 
current drug product with intended clinical use. The information below is based on 
publications provided by the sponsor. 

The potential effects of ethanol on embryo-fetal development both prenatally and post
natally have been extensively studied in humans and laboratory animals. 

Ethanol consumption increases the risks of low birth weight, preterm birth and small
size-for-gestational age (SGA) in pregnant women. Heavy ingestion is associated with 
fetal alcohol syndrome. Patra (2011) conducted a meta-analysis to assess the dose-
response association of maternal alcohol exposure before and during pregnancy with 
the risks of low birth weight, preterm birth, and SGA. A total of 36 studies were 
evaluated in this meta-analysis. The results of this meta-analysis indicate that heavy 
alcohol consumption during pregnancy increases the risk of low birth weight and 
preterm birth, while light alcohol consumption may not affect these neonatal outcomes. 
This cut-off lies between an average of 1 to 1.5 alcoholic drinks per day, i.e., 
approximately 10 to 18 g of alcohol per day. 

Ethanol has been extensively studied for effects on embryo-fetal development 
(Valenzuela 2012).  In general, these studies administered ethanol in the drinking water 
at concentrations meant to simulate blood levels associated with heavy drinking. 
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Gohlke (2008) modeled the dose response of ethanol at low doses in rats (7 studies), 
primates (2 studies), and humans (5 studies) (shown in Table 2.4-4 below, excerpted 
from page 11 , Section 2.4 ). These doses are meant to model blood levels associated 
with moderate alcohol ingestions (1 to 2 drinks/day). Results were presented as peak 
blood-ethanol concentrations. For most endpoints, it was not possible to identify a 
NOEL, although a NOEL was suggested of 70 mcg/mL for spatial learning and of 40 
mcg/mL for response inhibition. The Lowest-Observed-Effect-Levels were generally 
between 200 and 400 mcg/mL. 

Table 2.4-4 Studies oflnterspecies Com1>arisons of Low Dose Effects of Prenatal Alcohol Exposure BEST AVAILABLE 
Key to AnimaJ exposure paradigm orepidemiology COPY
figurc Species stud y populatioo> Outcome mcasurc/s Reforencc/s 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Rat 

Rat 
Rat 
Rat 

Rat 

Rat 

Rat 

Monkey 

Human 

Human 

lluman 

Human 

Human 

2, 3, a rd 5% ethanol liq uid d ie"' daily throughout 
gest.ation 

173 ctllilnol liquid diet daily on E6 to E16 
8 ard 19% cthonol liquid diet daily OJ\ E6 to E16 
Intubation of 1g/kg/day daily throughout 

pregnancy 
6.6',t etha noJ in drinking wnter daily thn.>ugh 

pregnancy 
20% e thonol liquid diet daily from E7 to E18 

Intubation of 12 g/kg eth.mol daily from l!ll 
to E20 

Intubation of .J,.6, 1.2, 1.8, 2.5, or 4.1 g/lcg weekly 
throughout gestation 

Voluntary consumption of .6g/ kg of 6.6% ethanol 
solution daily fTom EO-E.50, ~El 35, or EO-E165 

Mostly low socioeconomic status, inner city 
women betwl.'Cll 1983 and 1986 in f'ittsburgh 
(N =:;95), alcohol use assessed at each trimester 
of pregnancy and at 8, 18, 36 months. and 6 years 
postpartum 

Mostly Caucosian, mamed, m idd le-class and 
college educatl'd women in Scatde. WA bern-cen 
1974-1975 (N =500), akohol ingestion assess
ment during the 5111 mo nth of pregnancy 

Disadvantaged, inner-city, mostly African Amer· 
ican women in Detroit. Ml between 1986 and 
1989 (N =480), alcohol consumption assessed 
during each prenatal visit 

Low socioeconomic status women between 1985 
and 1986 in Roubaix, France (N = :H7), alrohol 
consumption asse$5ed during 2 nd trimester 

Prenatnl clinics in Den\'er between 12and 42 wks 
ge,t•tion (N - 167), asked •bout alcohol con
sumption at conception 

Spati.il learning Qn moving platform Morri1:0 Water 
Task and hipp:;icampal glutamate release at 6 
months 

Passive avoidance learning at 7 wks 
Rcspons<! inhibition (hyperoctivity) at 7 wks 
Two-way active avoidance acqujsition Oa:vning 

and memory) at 9 w ks. and 5 months 
Serotoninergic system in hippocampll~ striah1m 

and frontal cortex at P21 
Comprumised neural tube rnidline d eveklpment, 

ventricular enlargement at 1!13, E1 5 or 1!18 
Morphology of corpu.< callosum including length 

and number of dcndritic branches on C29 
Infant ncurobchavioral M'CTA), micropth.a1mia, 

tttin.'.'1 18"'1-.gUon 001 loss, nwtor dcve!opme:nt, 
stiatll and caudate dopam ine at 6 months 

lnfant behavioraJ assessment scale (£BAS), adoles
cent te.uning and behavior \...ith nonmatching-to
sample task (NMS) 

Neurobehavtor-al asse~m1,."tlt ilt J, 6 and lOyrs. 
C l'l'f-3 (m ea:,."Ures attention span ), neuropsycho
logical b)st battery (Wisconsin, WRAML. Trail 
Maldng. Stroop, Grooved pegboard, CP'f.2), 
WRAT·R 

Various ncurodc\'Clopmcntnl outcomes in infanrs 
throug h 14yrs. Including but not timited to 
Apgar, 6m7..elton, 8..1yley mental index, IQ at 
4yrs.,. teacher rnrings of undesirable behovior, IQ 
a t 7yrsv cognitive and \•igiL1nce tasks at 14 yrs. 

C hildren were examined at lnrth through 7 Y'""· 
and neurodl!\'eklprnental endpoint< analyzed 
included Bayley scores, Elicited Play, and l'ro
ccssing Speed, IQ, Achcnback Child Behavior 
Checkl ist (CBCL) 

General Cognitive Index (C,CJ) a nd pyschomolor 
d evelopment (McCarthy scales), and minor 
neurological d ysfunctions through age 4.5 ye.us 

Complete br.1in morphome trk stud y us ing ultrn· 
sonography (12-24 wks.), size of frontll cortex 
only salient measure 

(S.wage et al., 2002) 

(Lochry and Riley, 1980) 
(Riley ct al., 1919) 
(Vaglcnova and Pctkov, 1998) 

(Evrard et al., 2003) 


(Zhou et al., 2000) 


(Qiang et al., 2002) 


(C!onrcn <t al., 1968, 1990) 


(Schneider et a l., 2001a,b) 

(Chandt.-r el al., 1996; Day et al., 1990, 1991a,b, 
1994; Day a nd Richard;;on, 1991; Ceva et al ., 
1993; Goldschmidt et al, 1996) 

(Borr and Strcissguth, 2001; Strcissgu tl\ 1986; 
Streissguth et al., 1989a,b; Streissguth ct al. 1981) 
(Sampson et al., 21J()(h) 

<Jacobson et al., 1998; Sokol et al, 2001; Sood <I a l., 
2001) 

(Larroque and Kaminski, 1998) 

(Wass et a l., 2001) 

•AA is ounces of absolu~ alcohol (.5 oz. in a 12 07.. can of beer) and 15 AA/ day would be approx 100 ms:fd i if oon5umed in one hour (Driscoll et al., 1990). 

The animal 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 from PTSMA, have not been studied . The 
dehydrated alcohol is not expected to increase significantly the systemic concentration 
of endogenous alcohol following administration into a septal artery during PTSMA. 
Hence, maternal exposure in the proposed clinical use is not expected to resu lt in 
significant fetal exposure to the drug product. The intended clinical use of the drug 
product is not considered to have a potential risk for fetal development in pregnant 
women. 
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10 Special Toxicology Studies 

11 Integrated Summary and Safety Evaluation 
This is a 505(b)(2) appl ication . Dehydrated Alcohol is used in performing percutaneous 
transluminal septal myocardial ablation (PTSMA). It acts as a potent tissue toxin that 
produces a myocardial infarction when injected percutaneously into a target septal 
vessel , which causes the hyp~hied se tum to thin (Veselka 2004). The 12roposed 
clinical dose is ae_eroximatelYJ <bl14 

owever, me final 
acce12table total dose per treatment _ <bll"I 

is to be determine (refert0C'llii1cal Review fortne acceptao1e 
maximum Close). 

Dehydrated alcohol, 1141 has been used (on the market but not approved (b 

by FDA) for the therapeutic neurolysis of nerves or ganglia for the relief of intractable 
chronic pain, in such conditions as inoperable cancer and trigeminal neuralgia 
(American Regent 2009, Akorn, Inc. 2011 , Rowe 1998). 

The sponsor has not conducted any nonclinical studies of the drug, Dehydrated Alcohol 
Injection, USP. Nonclinical information is submitted as summaries of key studies and 
data from the published literature. It should be noted that these studies were not 
necessarily GlP compliant. The approval, therefore, should mainly be based on clinical 
experience of alcohol used in PTSMA in which safety/efficacy is determined. 

Based on clinical pharmacology's review of human pharmacokinetics, Dehydrated 
Alcohol is not expected to increase significantly the systemic concentration of 
endogenous alcohol following injection into a septal artery during PTSMA. 

Literature reports showed that different amounts of dehydrated alcohol (e.g, 0.5
2.0 ml) produced a dose-related myocardial ablation in normal animals, including 
canines and piglets, resulting in necrosis within the injection region and a controlled 
myocardial infarction related to the volume, but not the velocity, of dehydrated alcohol 
injected. 

In pigs, repeated 2.8 to 3.8 ml intravenous doses at 10 minute intervals were 
administered through the inferior vena cava central to the renal vein. Cardiovascular 
collapse was observed after 5 to 9 doses, with a mean total volume of 24.4 ml. Pigs 
tolerated up to 4 doses (0.1 mUkg per dose), i.e. about 11.2 ml (for low body weight 
pigs) based on hemodynamic effect. 

Literature reports suggest that ethanol is not mutagenic in the in vitro bacterial reverse 
mutation (Ames) assay or clastogenic in vitro chromosomal aberration assay. Ethanol is 
metabolized to acetaldehyde, which is a known mutagen. 

Carcinogenicity evaluation is not requ ired for the intended acute clinical use of drug 
product such as Dehydrated Alcohol in PTSMA. Chronic ethanol ingestion is associated 
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with various cancers in humans, although animal studies might not strongly implicate 
alcohol per se. The doses associated with the increased risk are higher and more 
prolonged than the proposed clinical use. Given that Dehydrated Alcohol is to be used 
acutely and is not expected to increase significantly the systemic concentration of 
endogenous alcohol following administration into a septal artery during PTSMA, the 
recommended clinical use of the drug product is not expected to carry a potential 
carcinogenic risk. 

Ethanol is known to have adverse effects on the developing fetus. A definitive No-Effect 
Level has not been identified for many potential subtle endpoints associated with the 
development of the central nervous system. There are no data from human or animals 
for fertility impairment. Given that Dehydrated Alcohol is to be used acutely and is not 
expected to increase significantly the systemic concentration of endogenous alcohol 
following administration into a septal artery during PTSMA, the intended clinical use of 
the drug product is not considered to have a potential risk for fetal development in 
pregnant women. 

In conclusion, there is no approvability issue from pharmacology/toxicology perspective. 
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	1 Executive Summary 
	1 Executive Summary 
	1.1 Introduction 
	1.1 Introduction 
	This is a 505(b)(2) application. Dehydrated Alcohol is used in performing percutaneous transluminal septal myocardial ablation (PTSMA). It acts as a potent tissue toxin that produces a myocardial infarction when injected percutaneously into a target septal vessel, which causes the hypertrophied septum to thin. The sponsor is relying on data from the published literature and an additional database of patient-level outcomes for 100 patients with hypertrophic obstructive cardiomyopathy (HOCM) treated by PTSMA.
	There are significant approvability issues from CMC for the current application (see CMC review of this NDA). 

	1.2 Brief Discussion of Nonclinical Findings 
	1.2 Brief Discussion of Nonclinical Findings 
	The sponsor has not conducted any nonclinical studies of the drug, Dehydrated Alcohol Injection, USP. Nonclinical information is submitted as summaries of key studies and data from the published literature. It should be noted that these studies were not necessarily GLP compliant. The approval, therefore, should mainly be based on clinical experience of alcohol used in PTSMA in which safety/efficacy is determined.  
	Based on literature reports, up to 4 repeated intravenous doses of absolute ethanol (0.1 mL/kg per dose) at 10 minute intervals, i.e. about 11.2 mL, were tolerated in pigs whereas cardiovascular collapse (defined as mean systemic arterial blood pressure < 40 mm Hg or severe bradycardia <35 beats/min) was observed after 5 to 9 doses, with a mean total volume of 24.4 mL. 
	Literature reports suggest that ethanol is not mutagenic in the in vitro bacterial reverse mutation (Ames) assay or clastogenic in in vitro chromosomal aberration assays. Ethanol is metabolized to acetaldehyde, which is a known mutagen. 
	Chronic ethanol ingestion is associated with various cancers in humans. Given that Dehydrated Alcohol is to be used acutely, and is not expected to significantly increase the systemic concentration of endogenous alcohol following administration into a septal artery during PTSMA, the recommended clinical use of the drug product is not expected to carry a potential carcinogenic risk. 
	Ethanol is known to have adverse effects on the fetal development. Since Dehydrated Alcohol is not expected to significantly increase the systemic concentration of endogenous alcohol following administration into a septal artery during PTSMA, the intended clinical use of the drug product is not considered to have a potential risk for fetal development in pregnant women. 
	1.3 Recommendations 
	1.3 Recommendations 
	1.3.1 Approvability 
	1.3.1 Approvability 
	There is no approvability issue from pharmacology/toxicology perspective. 

	1.3.2 Additional Non Clinical Recommendations 
	1.3.2 Additional Non Clinical Recommendations 
	None. 

	1.3.3 Labeling 
	1.3.3 Labeling 
	Note: The proposed changes are made in a tracking change format, i.e. cross out means deletion and underline means insertion. 
	Section 8.1 Pregnancy 
	Comments: Reorganize this section to comply with the format per PLLR, i.e. cross out Pregnancy category, and add sub-sections of "Risk Summary", "Clinical Consideration" and "Data". The conclusion about systemic availability of Dehydrated Alcohol following the intended clinical use is based on the updated clinical pharmacology's comment on the draft labeling of October 29, 2015. 
	Proposed changes 
	(bl1' · Risk Summaiy 
	Figure
	Clinical Consideration 
	(b)(4 
	for percutaneous ti·ansluminal septal myocardial ablation has not been evaluated in pregnant women and is not recommended during pregnancy. When possible, the percutaneous ti·ansluminal septal m ocardial ablation rocedure should be os oned in women until (bl1' the 
	os artum eriod. lb> < 
	4 

	Data. 
	Animal reproduction studies have shown an adverse effect on the fetus and chronic fetal alcohol exposure is known to cause developmental defects in humans. The developmental effects of acute ethanol ex osure such as from ercutaneous transluminal se tal m ocardial ablation have not been studied in pregnant or lactating women. 
	Figure
	Section 8.2 Lactation Comment: add this section to comply with PLLR format. Content was referred to Clinical Pharmacology's comment for the draft labeling. 
	Proposed Change: 
	8.2 Lactation endo 
	Section 13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility Comment: Statement for <bll.ill seems unnecessary and can be removed. Based on clinical pharmacology cone us1on, dehydrated alcohol is not expected to increase significantly the systemic concentration of endogenous alcohol with intended 
	clinical use. Therefore, the carcinogenic risk in patients is considered minimal and such assessment should be added in the label. 
	Ethanol (of alcohol beverages) was added to Group 1 International Agency for Research on Cancer (IARC) Carcinogenicity Ratings (!ARC monographs). Substances in this group are either carcinogenic to humans, or there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in ex osed humans that the substance acts through a relevant mechanism of carcinogenicity. ltiH• -Alcohol consumption has been associated with various cancers, in?luding liver, esophageal, breast, prostate,~ and
	> the recommended clinical use of the drng product is not 
	colorectal cancer. Since 
	colorectal cancer. Since 
	colorectal cancer. Since 
	!bH4J 
	<bll• is not 

	expected to 
	expected to 
	---cii'i(4 

	TR
	4 


	lb>< 
	-----~~-----~-~ 
	expected to cany a carcinogenic risk. 
	Section 13.2 Animal Toxicology and/or Pharmacology Comment: Information regarding "------------.n" is not critical to support clinical efficacy or safety, hence, it's not  can be removed. 
	111
	necessary ana

	Figure
	The median lethal dose LDvalues for ethyl alcohol given by intravenous, >1" and oral routes are !bllin mice, respectively. The LDso for ethyl alcohol given by subcutaneous injection is <b><in mice. 
	50 
	16
	4 
	4 

	2 
	2 
	Drug Information 




	2.1 Drug 
	2.1 Drug 
	2.1 Drug 
	CAS Registry Number (Optional): 64-17-5 Generic Name: Dehydrated Alcohol Code Name: N/A (Trade Name: Ablysinol®) Chemical Name: Ethanol [Ethyl Alcohol, Hydroxyethane] Molecular Formula/Molecular Weight: C2H60 /46.07 




	Hp~OH
	Hp~OH
	Structure: 
	Pharmacologic Class: Undetermined. (Note: Alcohol or Ethanol itself can be considered a class based on its chemical structure). 
	2.2 Relevant INDs, NDAs, BLAs and DMFs 
	IND 118,379 (pre IND meeting response); DMF 
	2.3 Drug Formulation 
	Dehydrated Alcohol, USP is a solution of::::: <~% by volume of ethanol supplied in a sterile m glass ampoule. 
	16

	2.4 Comments on Novel Excipients 
	The product contains no bacteriostat or antimicrobial agent (other than ethanol) and no added buffer. <bll.ill is used during the manufacturing_erocess to <bll" 
	Figure
	(bJl.il
	jJl.il is i:iharmacopoeial in the USP/NF. 
	2.5 Comments on lmpurities/Degradants of Concern 
	The imourities in drug substance including ""' r~T "''.'.] ppm), ""' (NMT ::1 pm), sum of !b><(f\JKllT {1>)<"ppm) and others (Nl'VlT 
	4 
	1

	>1" ppm) are considered acceptable by CMC review team. However, for drug product, per FDA's recommendation, the sponsor agreed to provide the revised specification with quantitative tests but the validated analytical methods and the final specification are pending. In addition, it appears that the drug substance manufacturer, >H"l, may not continue to manufacture the drug substance for the sponsor, and therefore, the drug substance supplier is expected to change. 
	16

	The compatibility data between the drug product and the percutaneous 
	transluminal catheter as requested by CMC review team has not yet been 
	provided. 
	After CMC review of the updated information, it will be determined if there is a 
	need for additional nonclinical studies to address any potential concerns for 
	impurities/degradants and extractables. Please refer to the CMC review of this 
	NOA for details. However, as the intended clinical use is not expected to achieve 
	significant systemic exposure to the drug product and to any low level impurities, 
	it is unlikely that additional nonclinical testing for qualifying impurities/degradants 
	will be needed. 
	2.6 Proposed Clinical Population and Dosing Regimen 
	Proposed clinical population: 
	16
	Patients with symptomatic, >1" , hyi:iertroi:ihic obstructive .cardiomyopathy (HOCM) .
	--~~~~~~~~~~~~~~~~
	-

	Dosing regimen: 
	(b) (4j 
	Figure
	2.7 Regulatory Background 
	A pre-IND (IND No. 118,379) meeting was requested and a preliminary meeting response was provided by the Division on 05/22/2013. In the letter, the Division 
	agreed that no additional pharmacology/toxicology studies are needed for the NDA approval for this 505(b)(2) submission. 
	This product received orphan designation (13-4025) for treatment of HOCM on 11 September 2013. 
	3 Studies Submitted 
	3 Studies Submitted 
	3.1 Studies Reviewed 
	3.1 Studies Reviewed 
	No nonclinical studies have been performed by the sponsor. The summaries of studies and data from the published literature are submitted and reviewed. 

	3.2 Studies Not Reviewed 
	3.2 Studies Not Reviewed 
	None 

	3.3 Previous Reviews Referenced 
	3.3 Previous Reviews Referenced 
	None 


	4 Pharmacology 
	4 Pharmacology 
	Dehydrated Alcohol is to be used as a potent tissue toxin that produces a myocardial infarction when injected percutaneously into a target septal vessel, which causes the hypertrophied septum to thin (Veselka 2004). Two animal studies examined PTSMA for treatment of HOCM. 
	Guo R et. al: A new strategy for septal ablation with transendocardial ethanol injection using a multifunctional intracardiac echocardiography catheter: a feasibility study in canines.  Catheter Cardiovasc Interv. 2011, 78(2):316-23 
	Guo R et. al: A new strategy for septal ablation with transendocardial ethanol injection using a multifunctional intracardiac echocardiography catheter: a feasibility study in canines.  Catheter Cardiovasc Interv. 2011, 78(2):316-23 

	In this study, a multifunctional intracardiac echocardiography catheter (10F) was guided into the right ventricle in 9 dogs and the left ventricle in 3 dogs. A dose of 0.5, 1.0, or 1.5 mL absolute ethanol was injected into the interventricular septum. ECG recordings were obtained during the whole procedure. Three hours after this operation, the heart was harvested for gross and histological examination. 
	Different amounts of ethanol infusion produced a dose-related effect on extent of myocardial ablation. Macroscopic examination showed that the target myocardium became pale with a distinct border between lesions and normal tissue. Hematoxylin and eosin staining further confirmed necrosis within the injection region. Transendocardial ethanol injection at the interventricular septum resulted in controlled myocardial infarction. 
	All canines survived until sacrificed. In all animals, ECG showed no evidence of atrioventricular blockage or sustained arrhythmia during the procedure; however, transient premature ventricular contractions were observed when the needle advanced into the myocardium and during ethanol infusion. Complications 
	All canines survived until sacrificed. In all animals, ECG showed no evidence of atrioventricular blockage or sustained arrhythmia during the procedure; however, transient premature ventricular contractions were observed when the needle advanced into the myocardium and during ethanol infusion. Complications 
	including septal rupture, acute mural thrombus, remote myocardial infarction, and pericardial effusion were not observed in this study. 

	Li ZQ et al: Experimental study of relationship between intracoronary alcohol injection and the size of resultant myocardial infact. Int J Cardiol. 2003, 91(1): 936 
	Li ZQ et al: Experimental study of relationship between intracoronary alcohol injection and the size of resultant myocardial infact. Int J Cardiol. 2003, 91(1): 936 

	As shown in the table below, twenty piglets were randomly divided into 4 equal groups according to the volume and the velocity of intracoronary absolute alcohol injection and the coronary arteries injected. 
	Continuous ECG monitoring was carried out. After angiography via the right femoral artery, an over-the-wire balloon angioplasty catheter with its deflated balloon was advanced over a 0.014 inch steerable guide wire to the site that was preselected—either mid segment of the LAD coronary artery or the left circumflex coronary artery. The artery was then occluded by inflating the balloon, and absolute alcohol was injected through the inflated balloon into the vessel according to preselected volume and velocity
	Group 
	Group 
	Group 
	Volume (mL) 
	Rate (mL/s) 
	Coronary artery 
	Infarct Size 

	I 
	I 
	0.5 
	0.2 
	left circumflex 
	4.26±2.71(%) 

	II 
	II 
	2.0 
	0.2 
	left circumflex 
	10.12±4.55(%) 

	III 
	III 
	1.2 
	0.06 
	LAD 
	5.84±1.12(%) 

	IV 
	IV 
	1.2 
	1.2 
	LAD 
	7.11±1.63(%) 


	LAD=left anterior descending 
	The result of myocardial infarct size is presented in the table above. There were significant differences in myocardial infarct size with different volumes of intracoronary absolute alcohol injection (P<0.05) via the left circumflex coronary artery, but there were no apparent differences found in myocardial infarct size with different velocities of intracoronary alcohol injection via the LAD coronary artery, indicating  that myocardial infarct size was directly related to the volume of intracoronary absolut

	5 Pharmacokinetics/ADME/Toxicokinetics 
	5 Pharmacokinetics/ADME/Toxicokinetics 
	During PTSMA, small volumes (1-2 mL) of absolute ethanol are injected into a target septal vessel, and spillage into the patient’s blood stream is prevented by the occlusion balloon catheter. The blood in this vessel is denatured by the injected alcohol. The alcohol becomes trapped, absorbed, and oxidized in this well-defined zone of myocardial necrosis, and little if any reaches systemic circulation. If by chance any alcohol did enter systemic circulation, elimination would be in the first-order kinetics e
	Based on clinical pharmacology reviewer’s comment for draft labeling of October 29, 2015, the drug product is not expected to increase significantly the systemic concentration of endogenous alcohol following the proposed clinical use. Even if all injected alcohol dose (e.g. 2 mL) enter into the systemic circulation, the exposure will be low. For a 70 kg patient, the dose will be 23 mg/kg and the ethanol concentration will be 320 mcg/mL assume a blood volume of 5 L and ethanol is not distributed to the tissu
	Ethanol is metabolized, mostly in the liver, to acetaldehyde or acetate. In humans, pure ethanol is metabolized at a rate of 10 to 20 mL/hour (B Braun Medical, Inc  2006), so the ethanol will be eliminated within 12 minutes of injection. Refer to a brief overview of the systemic pharmacokinetics of alcohol in humans in the clinical section and Clinical Pharmacology review for details. 

	6 General Toxicology 
	6 General Toxicology 
	Shi BS et al: Cardiovascular effects and predictability of cardiovascular collapse after repeated intravenous bolus injections of absolute ethanol in anesthetized pigs. J Vasc Interv Radiol. 2010, 21(12): 1867-72 
	Shi BS et al: Cardiovascular effects and predictability of cardiovascular collapse after repeated intravenous bolus injections of absolute ethanol in anesthetized pigs. J Vasc Interv Radiol. 2010, 21(12): 1867-72 

	In this study, 3-6 month old anesthetized pigs (11 males, 9 females) weighing 28-38 kg were administered 0.1 mL/kg absolute ethanol intravenously through the inferior vena cava central to the renal vein at 10-minute intervals to a total dose of 1.0 mL/kg. The total doses were 2.8-3.8 mL/dose with a maximum total dose of 28-38 mL. Hemodynamic parameters were measured. Histopathology was not performed in this study. 
	Among the 20 pigs, 12 died before the final injection. The mean number of injections before the occurrence of cardiovascular collapse (defined as mean systemic arterial blood pressure < 40 mm Hg or severe bradycardia <35 beats/min) was 7.2 (range 5–9), and the mean total injected volume was 24.4 mL (0.72 ± 2.5 mL/kg body weight). 
	Hemodynamic parameters (shown in the table below, excerpted from Table 2.4-1, page 6, Section 2.4) measured immediately before the injection of absolute ethanol did not differ between the cardiovascular collapse group and the no-collapse group except that among animals with cardiovascular collapse, the injection immediately before the 1 causing cardiovascular collapse resulted in a statistically significant increase in mean pulmonary arterial pressure, pulmonary vascular resistance and right ventricular end
	All of the pigs tolerated up to four 0.1 mL/kg doses (0.4 mL/kg), i.e. the total doses of 
	11.2 and 15.2 mL for the pigs (28 - 38 kg) used in the study. 
	Figure

	7 Genetic Toxicology 
	7 Genetic Toxicology 
	Ethanol itself has very low genotoxic potential. Since it is an excellent solvent, it has been used as a solvent in genotoxicity studies. In the in vitro bacterial reverse mutation assays (Ames Assay), ethanol was administered at a volume of 100 mcL/plate (79 mg/plate) which exceeds the maximum dose recommended for regulatory tests (5 mg/plate; ICH S2(R1)) by a factor of about 16. 
	In mammalian chromosomal aberration studies in human peripheral lymphocytes and Chinese Hamster Lung (CHL) cells, ethanol was administered at a 1% concentration (100 mcL/10 mL). This concentration is equivalent to a dose of 7.9 mg/mL, which exceeds the maximum dose recommended for regulatory tests (0.5 mg/mL; ICH S2(R1)). 
	Many studies have examined the genotoxic potential of ethanol (reviewed in Phillips 2001). Some results are shown in the tables below (excerpted from page 8-9,Table 2.42, Table 2.4-3 in Section 2.4, source from Phillips 2001). Ethanol was negative in the standard battery of studies. However, ethanol is metabolized to acetyladehyde, which is a known mutagen (IARC 2012: p.471, Section 4.3.2 consideration 7), although in the data from Phillips 2001 shown below, mutagenicity or clastogenicity is not apparent i
	NDA # 207,987 Reviewer: Jean Wu 
	12. 
	Reference ID: 3839731. 
	Reference ID: 4283489. 
	Figure

	8 Carcinogenicity 
	8 Carcinogenicity 
	Since ethanol is to be administered acutely, carcinogenicity studies are not required per ICH Guideline S1A. 
	Based on public information, the International Agency for Research on Cancer (IARC 2012) evaluated the carcinogenicity of ethanol and alcoholic beverages in 2012. IARC concluded that alcohol consumption causes cancers of the oral cavity, pharynx, larynx, esophagus, colorectum, liver (hepatocellular carcinoma), and female breast. Also, an association has been observed between alcohol consumption and cancer of the pancreas. However, there is evidence suggesting a lack of carcinogenicity for cancer of the kidn
	From IARC, it was concluded that there is sufficient evidence in experimental animals for the carcinogenicity of ethanol. In addition, ethanol in alcoholic beverages was 
	From IARC, it was concluded that there is sufficient evidence in experimental animals for the carcinogenicity of ethanol. In addition, ethanol in alcoholic beverages was 
	concluded to be carcinogenic to humans. IARC concluded that the ethanol component is specifically carcinogenic to humans. 

	In the National Toxicology Program (NTP) Report on Carcinogens, Twelfth Edition, it reported that consumption of alcoholic beverages is carcinogenic to humans based on sufficient evidence from studies in humans. 
	However, the NTP states that no adequate studies of the carcinogenicity of alcoholic beverages in experimental animal have been reported. In contrast to IARC, NTP concluded that the results of studies specifically examining the carcinogenicity of ethanol in experimental animals do not suggest that the ethanol component of alcoholic beverages is solely responsible for the increased risk of cancer associated with human consumption of alcoholic beverages (NTP 2011). 
	In the current application, the average dose will be approximately 2 mL/procedure, which would give a peak theoretical blood level of 320 mcg/mL, assume all injected ethanol enter into the systemic circulation. In fact, following administration into a septal artery during PTSMA, dehydrated alcohol is not expected to increase significantly the systemic concentration of endogenous alcohol. Therefore, the intended acute clinical use of the drug product is not considered to carry a carcinogenic risk. 

	9 Reproductive and Developmental Toxicology 
	9 Reproductive and Developmental Toxicology 
	No additional reproductive and development toxicology studies were conducted for the current drug product with intended clinical use. The information below is based on publications provided by the sponsor. 
	The potential effects of ethanol on embryo-fetal development both prenatally and postnatally have been extensively studied in humans and laboratory animals. 
	Ethanol consumption increases the risks of low birth weight, preterm birth and smallsize-for-gestational age (SGA) in pregnant women. Heavy ingestion is associated with fetal alcohol syndrome. Patra (2011) conducted a meta-analysis to assess the dose-response association of maternal alcohol exposure before and during pregnancy with the risks of low birth weight, preterm birth, and SGA. A total of 36 studies were evaluated in this meta-analysis. The results of this meta-analysis indicate that heavy alcohol 
	Ethanol has been extensively studied for effects on embryo-fetal development (Valenzuela 2012).  In general, these studies administered ethanol in the drinking water at concentrations meant to simulate blood levels associated with heavy drinking. 
	NOA# 207,987 Reviewer: Jean Wu 
	Gohlke (2008) modeled the dose response of ethanol at low doses in rats (7 studies), primates (2 studies), and humans (5 studies) (shown in Table 2.4-4 below, excerpted from page 11, Section 2.4 ). These doses are meant to model blood levels associated with moderate alcohol ingestions (1 to 2 drinks/day). Results were presented as peak blood-ethanol concentrations. For most endpoints, it was not possible to identify a NOEL, although a NOEL was suggested of 70 mcg/mL for spatial learning and of 40 mcg/mL for
	Table 2.4-4 Studies oflnterspecies Com1>arisons of Low Dose Effects of Prenatal Alcohol Exposure BEST AVAILABLE 
	Key to AnimaJ exposure paradigm orepidemiology 
	COPY
	figurc Species study populatioo> Outcome mcasurc/s Reforencc/s 
	3 
	5 6 7 8 
	9 
	10 
	11 
	12 
	13 
	14 
	Rat 
	Rat Rat Rat Rat Rat Rat 
	Monkey 
	Human 
	Human 
	lluman 
	Human 
	Human 
	2, 3, ard 5% ethanol liquid die"' daily throughout gest.ation 
	173 ctllilnol liquid diet daily on E6 to E16 8 ard 19% cthonol liquid diet daily OJ\ E6 to E16 Intubation of 1g/kg/day daily throughout pregnancy 6.6',t ethanoJ in drinking wnter daily thn.>ugh pregnancy 20% ethonol liquid diet daily from E7 to E18 
	Intubation of 12 g/kg eth.mol daily from l!ll to E20 Intubation of .J,.6, 1.2, 1.8, 2.5, or 4.1 g/lcg weekly throughout gestation 
	Voluntary consumption of .6g/ kg of 6.6% ethanol solution daily fTom EO-E.50, ~El35, or EO-E165 
	Mostly low socioeconomic status, inner city women betwl.'Cll 1983 and 1986 in f'ittsburgh (N =:;95), alcohol use assessed at each trimester of pregnancy and at8, 18, 36 months. and 6 years postpartum 
	Mostly Caucosian, mamed, m iddle-class and 
	college educatl'd women in Scatde. WA bern-cen 1974-1975 (N =500), akohol ingestion assessment during the 5111 mo nth of pregnancy 
	Disadvantaged, inner-city, mostly African Amer· ican women in Detroit. Ml between 1986 and 1989 (N =480), alcohol consumption assessed during each prenatal visit 
	Low socioeconomic status women between 1985 and 1986 in Roubaix, France (N = :H7), alrohol consumption asse$5ed during 2nd trimester 
	Prenatnl clinics in Den\'er between 12and 42 wks ge,t•tion (N -167), asked •bout alcohol consumption atconception 
	earning Qn moving platform Morri1:0 Water Task and hipp:;icampal glutamate release at 6 months Passive avoidance learning at 7 wks Rcspons<! inhibition (hyperoctivity) at 7 wks 
	Spati.il l

	Two-way active avoidance acqujsition Oa:vning 
	and memory) at 9 w ks. and 5 months Serotoninergic system in hippocampll~ striah1m and frontal cortex at P21 Comprumised neural tube rnidline deveklpment, ventricular enlargement at 1!13, E15 or 1!18 Morphology of corpu.< callosum including length and number of dcndritic branches on C29 
	Infant ncurobchavioral M'CTA), micropth.a1mia, tttin.'.'1 18"'1-.gUon 001 loss, nwtor dcve!opme:nt, stiatll and caudate dopamine at 6 months 
	lnfant behavioraJ assessment scale (£BAS), adolescent te.uning and behavior \...ith nonmatching-tosample task (NMS) 
	Neurobehavtor-al asse~m1,."tlt ilt J, 6 and lOyrs. Cl'l'f-3 (m ea:,."Ures attention span), neuropsychological b)st battery (Wisconsin, WRAML. Trail Maldng. Stroop, Grooved pegboard, CP'f.2), 
	WRAT·R 
	Various ncurodc\'Clopmcntnl outcomes in infanrs through 14yrs. Including but not timited to Apgar, 6m7..elton, 8..1yley mental index, IQ at 4yrs.,. teacher rnrings of undesirable behovior, IQ at 7yrsv cognitive and \•igiL1nce tasks at 14 yrs. 
	Children were examined at lnrth through 7Y'""· and neurodl!\'eklprnental endpoint< analyzed included Bayley scores, Elicited Play, and l'roccssing Speed, IQ, Achcnback Child Behavior 
	Checklist (CBCL) 
	General Cognitive Index (C,CJ) and pyschomolor d evelopment (McCarthy scales), and minor neurological d ysfunctions through age 4.5 ye.us 
	Complete br.1in morphometrk study using ultrn· sonography (12-24 wks.), size of frontll cortex only salient measure 
	Complete br.1in morphometrk study using ultrn· sonography (12-24 wks.), size of frontll cortex only salient measure 
	(S.wage et al., 2002) 

	(Lochry and Riley, 1980) (Riley ct al., 1919) (Vaglcnova and Pctkov, 1998) 
	(Evrard et al., 2003) .(Zhou et al., 2000) .(Qiang et al., 2002) .(C!onrcn <t al., 1968, 1990) .
	(Schneider et al., 2001a,b) 
	(Chandt.-r el al., 1996; Day et al., 1990, 1991a,b, 1994; Day and Richard;;on, 1991; Ceva et al., 1993; Goldschmidt et al, 1996) 
	(Borr and Strcissguth, 2001; Strcissgutl\ 1986; Streissguth et al., 1989a,b; Streissguth ct al. 1981) (Sampson et al., 21J()(h) 
	<Jacobson et al., 1998; Sokol et al, 2001; Sood <I al., 2001) 
	(Larroque and Kaminski, 1998) 
	(Wass et al., 2001) 
	•AA is ounces of absolu~alcohol (.5 oz. in a 12 07.. can of beer) and 15 AA/day would be approx 100ms:fdi if oon5umed in one hour (Driscoll et al., 1990). 
	The animal 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 from PTSMA, have not been studied. The dehydrated alcohol is not expected to increase significantly the systemic concentration of endogenous alcohol following administration into a septal artery during PTSMA. Hence, maternal exposure in the proposed clinical use is not expected to result in significant 
	women. 
	15 .
	Reference ID: 3839731 Reference ID 4283489 
	10 Special Toxicology Studies 
	10 Special Toxicology Studies 
	11 Integrated Summary and Safety Evaluation 
	This is a 505(b)(2) application. Dehydrated Alcohol is used in performing percutaneous 
	transluminal septal myocardial ablation (PTSMA). It acts as a potent tissue toxin that 
	produces a myocardial infarction when injected percutaneously into a target septal 
	vessel, which causes the hyp~hied se tum to thin (Veselka 2004). The 12roposed 
	clinical dose is ae_eroximatelYJ <bl1
	4 

	owever, me final _<bll"I is to be determine (refert0C'llii1cal Review fortne acceptao1e maxilose). 
	acce12table total dose per treatment 
	mum C

	Dehydrated alcohol, has been used (on the market but not approved 
	1141 

	(b 
	by FDA) for the therapeutic neurolysis of nerves or ganglia for the relief of intractable 
	chronic pain, in such conditions as inoperable cancer and trigeminal neuralgia 
	(American Regent 2009, Akorn, Inc. 2011 , Rowe 1998). 
	The sponsor has not conducted any nonclinical studies of the drug, Dehydrated Alcohol 
	Injection, USP. Nonclinical information is submitted as summaries of key studies and 
	data from the published literature. It should be noted that these studies were not 
	necessarily GlP compliant. The approval, therefore, should mainly be based on clinical 
	experience of alcohol used in PTSMA in which safety/efficacy is determined. 
	Based on clinical pharmacology's review of human pharmacokinetics, Dehydrated 
	Alcohol is not expected to increase significantly the systemic concentration of 
	endogenous alcohol following injection into a septal artery during PTSMA. 
	Literature reports showed that different amounts of dehydrated alcohol (e.g, 0.5
	2.0 ml) produced a dose-related myocardial ablation in normal animals, including canines and piglets, resulting in necrosis within the injection region and a controlled myocardial infarction related to the volume, but not the velocity, of dehydrated alcohol injected. 
	In pigs, repeated 2.8 to 3.8 ml intravenous doses at 10 minute intervals were 
	administered through the inferior vena cava central to the renal vein. Cardiovascular 
	collapse was observed after 5 to 9 doses, with a mean total volume of 24.4 ml. Pigs 
	tolerated up to 4 doses (0.1 mUkg per dose), i.e. about 11.2 ml (for low body weight 
	pigs) based on hemodynamic effect. 
	Literature reports suggest that ethanol is not mutagenic in the in vitro bacterial reverse mutation (Ames) assay or clastogenic in vitro chromosomal aberration assay. Ethanol is metabolized to acetaldehyde, which is a known mutagen. 
	Carcinogenicity evaluation is not required for the intended acute clinical use of drug product such as Dehydrated Alcohol in PTSMA. Chronic ethanol ingestion is associated 
	with various cancers in humans, although animal studies might not strongly implicate alcohol per se. The doses associated with the increased risk are higher and more prolonged than the proposed clinical use. Given that Dehydrated Alcohol is to be used acutely and is not expected to increase significantly the systemic concentration of endogenous alcohol following administration into a septal artery during PTSMA, the recommended clinical use of the drug product is not expected to carry a potential carcinogeni
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