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Executive Summary Section

Executive Summary

l. Recommendations

A.

Recommendation on Approvability

| recommend approval of ACETADOTE®, an intravenous formulation of N-
acetylcysteine, _ _ —

———

As stated in the last section of the Clinical Review, | recommend mclus:on
in the label of the following: (1)

_— - -—-_.—-—-_-_-._ - — e e e - .
and (2) a WARNING stating that serious anaphylactoid reactions,
in_c!uding deg@h, _ _ — in patients with asthma

Recommendation on Phase 4 Studies and/or Risk Management Steps

None.

ll.  Summary of Clinical Findings

A.

Brief Overview of Clinical Program

Cumberiand Pharmaceuticals first submitted this NDA on July 1, 2002. As
support of efficacy, the submission included five historical references on
the use of N-acetylcysteine (NAC), and an Interim Analysis (IA) of a study
(CMAX CM8801), conducted in Australia to assess tolerance of two
intravenous (i.v.) loading regimens of NAC (150 mg/k administered in 15
min or in a 60 min infusion, and a maintenance dose of 300 mg/k for 20 h).
Efficacy of NAC as antidote of an acetaminophen overdose was defined
as serum liver transaminases (ALT/AST) below 1000 IU/L. None of the
studies included a comparison control treatment, and only a few of the
historical references studied efficacy of NAC as antidote to
acetaminophen overdose. Further, a comprehensive meta-analysis
published in 1999, integrating studies with i.v. and oral NAC in
acetaminophen overdose, was not included in the submission. The
application was rendered non-approvable. The non-approvable letter
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included a recommendation .

e R

In this submission, Cumberland Pharmaceuticals included results of its
meta-analysis, the CM8801 data, and results from the Hunter Area
Toxicology Service (HATS), based in Newcastle, Australia.

Efficacy

Cumberland’s meta-analysis comprised 456 published references with a
total of 10,818 patients, of which 3,079 had acceptable information on
efficacy. Due to the heterogeneity of gathered references, the meta-
analysis was divided in three databases, i.e. Case-Report Database,
Patient Database, and Group Database. The Case-Report Database
included 30 case-report references and 33 acetaminophen patients
treated with NAC (13 treated by the i.v. route, 15 treated by the oral route,
5 treated by combined routes). By all routes of administration, early NAC
treatment (within 8 h from overdose) resulted in prevention of
hepatotoxicity (hepatotoxicity developed in 1/13 patients of the i.v. group,
0/15 patients of the oral group, 1/5 patients of the combined route group).
Conclusions from this database, however, are of little or no value, for (a)
the cited 30 references of the database were not identifiable and, (b)
number of patients was too small to attain statistical significance. The
Patient-Database was taken from 13 references encompassing 97
acetaminophen-overdosed patients; 85 treated by i.v. NAC and 12 treated
by oral NAC. This database also showed efficacy with early (within 10 h
from overdose) NAC treatment (hepatotoxicity developed in 3/85 patients
of the i.v. group). This database suffered of similar deficiencies as the
previous one, namely, no information on the source of references, and
number of patients comprising the oral group were too small to arrive at
any conclusion. The Group-Database was the largest, i.e., 2808
acetaminophen-overdosed patients treated with NAC. It included seven
identifiable references. This Group-Database also showed superior
efficacy with early NAC treatment (hepatotoxicity developed in 5% of
patients treated with i.v. NAC, and 7% of patients treated with oral NAC),
than with late NAC treatment. However, and as pointed out by the
statistician reviewer, the studies could not be statistically infegrated
because either patients belonged to a special population (pregnant
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Executive Summary Section

wornen in one study), objectives were different, or the treatment regimen
differed from the one proposed by Cumberiand, e.g., in one study a small
group of patients were solely treated with activated charcoal (study by
Buckley et al, Clinical Toxicology, 37:759-767,1999). This Australian 1999

study by Buckley et al, included a historical meta-analysis. in the Buckley
‘meta-analysis, there were three studies, totaling 226 patients, reporting

treatment with i.v. NAC 300 mg/k for 20 h (the i.v. regimen proposed by
the sponsor), and three other studies, totaling 1710 patients, reporting
treatment with the approved oral NAC dose of 1300 mg/k for 72 h (see
Table 3, Efficacy Conclusions section of this review). The majority of the
studies included in the Buckley meta-analysis showed that early
administration of i.v. or oral NAC treatment (<10 h from overdose) resuited
in a low hepatotoxicity incidence (2% to 16%).

HATS, a 12 year observational study conducted in Newcastle, Australia,
included 1749 admissions for acetaminophen overdose; 350 with available
serum liver transaminases, of which 208 were treated with intravenous
NAC. As in previous databases, early administration of i.v. NAC resulted
in a fow incidence of hepatotoxicity (3%). HATS included a no-treatment
comparison of 72 patients (17% developed hepatotoxicity), and a group of
70 patients treated with alternative treatments to NAC, i.e., gastric lavage
or activated charcoal (3% hepatotoxicity).

The CMAX CM8801 was terminated with an enrollment of 223 patients.
177 had available serum ALT levels. Of the 177 patients with available
ALTs, 56 received early NAC treatment. None of these 56 patients
developed hepatotoxicity. Hepatotoxicity was observed in six of the
remaining 108 patients. As mentioned, this CMAX CM8801 was primarily
designed to assess tolerance and safety of two intravenous NAC loading
regimens. Assessment of efficacy was a secondary evaluation. Hence,
the efficacy results from this safety study are of limited significance.

Based on the efficacy resuits from the large Buckley study/meta-analysis
the HATS observational data, and the additional supportive clinical
information provided by the Group-Database, | conclude that there is
substantial efficacy data to support the approval of Cumberland’s NAC
intravenous formulation for treatment of acetaminophen overdose if used
during the early 8-10 h from the overdose.

Safety
This synopsis supplements the éafety included in my first review (see
Executive Summary, Page 8, December 2002 MO review). | then

reported 22 deaths in patients treated with i.v. NAC. In many of those
cases, fatal outcomes were due to administration of excessive NAC
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Executive Summary Section

1 Introduction and Backqround

In the 1970’s and 1980’s, mortality from acetaminophen {acetyl-para-aminophenol
(APAP)] overdose was higher than 30%. APAP is a chemical compound marketed
OTC as oral tablets or caplets for relief of pain (Tylenol, McNeil Lab, PA). Inthe
liver, APAP is metabolized by the CYP oxidizing system into a harmful metabolite,
i.e. N-acetyl-benzoquinone amide (NAPQI). H' donors such as glutathione
detoxify NAPQI into harmless mercapturic acid metabolites. However, if ingested
in large quantities, e.g. >3 g, the reserve of glutathione is depleted, and the liver is
unable to detoxify the excess of APAP. As a consequence, liver necrosis and

- failure may ensue. N-acetylcysteine (NAC) belongs to the class of drugs known as

sulphydryl agents. As reducing agents, this class of drugs prevent cell oxidation
and cell death, by acting as cytoprotective H* donors. When administered, NAC
behaves as a glutathione substitute. In 1984, this Agency approved an oral
formulation (Mucomyst, Mead Johnson, co-sponsored by McNeal Lab) as antidote -
for APAP overdose. The approved treatment included gastric lavage, oral
administration of activated charcoal, followed by 1330 mg/kg of Mucomyst
given for over 72 hours. The most common oral regimen is a 72 h protocol
consisting of a 140 mg/k loading dose and 17 subsequent 70 mg/k doses
administered every 4h.

Intravenous formulations of NAC are approved in the United Kirigdom, Germany,
France, Italy, Australia, New Zealand and Canada.

b. Cumberland Pharm. submitted this NDA on July 1, 2002. After completion of the

review process, the Division concluded that there was no substantial evidence
from adequate and well-controlled trials that Acetadote® will have the effect it
purports to have under the conditions of use described in its proposed labeling.
The proposed Iabei stated that Acetadote® was indicated for intravenous
treatment . > The label
recommendations for Acetadote® Dose and Regimens of adminlistration
included an Intravenous {i.v.) loading dose of 150 mg/kg in 200 mi of 5%
dextrose, infused for. ——— | and an i.v. maintenance dose of 50 mg/kg
in 500 ml of dextrose, infused for 4 hours, followed by 100 mg/kg in 1000 ml
5% dextrose infused over 16 hours. In my MO review of December 16, 2002, |
analyzed and commented on the interim analysis of CMAX study CM8801,
designed to assess safety of NAC i.v. bolus or continuous infusion in APAP
overdose, and on the five historical studies"%3%* submitted by Cumberiand
Pharm to support approval for the proposed indication, dosage and regimen of
administration. | concluded that though the safety of NAC i.v. administration
appeared acceptable, the efficacy of Acetadote could not be supported by the
submitted historical studies. Only three of the submitted studies used i.v. NAC as
antidote of APAP overdose, they were open-label, and none included a
comparison control treatment. Furthermore, the studies revealed variable NAC
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efficacy, and of relevance, none of the studies used the intravenous dosing
regimen proposed in the label.

Based on the deficiencies, | recommended (1) a non approvable regulatory
action, (2) — ' ' T

e

recommendations to be conveyed to Cumberland, included: — ——————

in_a letter to Cumberiand dated December 30, 2002: the Division conveyed to the
NDA sponsor the non-approvable (NA) decision,

N Sponsofr e non-ap

Reference List of Supporting Historical Reports

1. Keays R et al. Intravenous acetylcysteine in paracetamol induced fulminant
hepatic failure: a prospective controlled trial. BMJ 303:1926-1929, 1991.

2. Perry HE et al. Efficacy of oral versus intravenous N-acetylcysteine in
acetaminophen overdose: results of an open-label clinical trial. J Pediatr
132:149-152, 1998.

3. Smilkstein MJ et al. Acetaminophen overdose: a 48 h intravenous N-
acetylcysteine treatment protocol. Ann Emerg Med 20:1058-1063, 1991.

4. Oh TE and GM Shenfield. Intravenous N-acetyicysteine for paracetamol
poisoning. Med J Aust 1:664-665, 1980.

5. PrescottLF. Treatment of severe acetaminophen poisoning with intravenous
acetyicysteine. Ann Intern Med 141:386-389, 1981,

ll. Chemistry, Biopharmacology. Statistical Issues.

The sponsor has addressed chemistry issues. Biopharmacology of i.v. NAC was
considered acceptable in the first submission. The statistical review is ongoing. ,
Whenever required, sections of this clinical review will include comments on
different statistical issues.
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lll. Response from Cumberland to the Clinical Issues in the
NA Letter.

In response to the recommended clinical alternatives, i.e., ——

—

Cumberland chose to assess comparability between the i.v. and oral NAC routes,
by performing of meta-analysis of the literature. Cumberland also submitted
observational data from the Australian Hunter Area Toxicology Service (HATS),
and the completed data from the reported CMAX Study No CM8801..

A. Review of Efficacy

Cumberiand’s Meta-Analysis.

Cumberland search for worldwide acetaminophen literature relied primarily on a
database maintained by the Rocky Mountain Poison and Drug Center (RMPDC) This
database was subsequently updated using the terms acetyicysteine and acute toxicity
through January 31, 2003, with a Medline and Embase search. The combined search
returned 456 English published references encompassing case reports, studies, and
reviews. The 456 references reported a totals of 10, 818 patients . The 10,818 patients
qualify for safety analysis, but only 3079 patients had enough information on efficacy to
qualify for efficacy analysis. Furthermore, the heterogerieity of the database, e.g.
individual case reports, letters of cases, prospective and retrospective studies, required
a separation of datasets. According to these criteria, Cumberland created 3 databases;
namely (1) Case Report Databass, (2} Patient Database, and (3) Group Database.
The three groups depicted in this next Cumberland schematic (Page 40, Vol. 1).

Figure 2. Schematic of Published Literature Identified for tho Meta-Analysis

13Iaaupmvldedhy «m;:mvlded
individaalPatient  ~  Treatmoent Group o

| 1
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Executive Summary Section

The grouped data sets included demographic variables, e.g., age, gender, race, total
amount of NAC administered, activated charcoal administered, co-poisoning, treatment
of activated charcoal administration. The primary efficacy endpoint in APAP OD is the
development of liver failure, manifested by ALT and AST serum levels > 1000 IU/L.

Treatment groups within studies were selected for efficacy analysis if they met
the following four criteria:

¢ Patients must have a APAP serum level above the considered a toxic range,
i.e. 150 g/ml according to customarily used normogram (Rumack-Matthew).
Route of NAC administration specified (oral or i.v.)

« Time from APAP ingestion to NAC treatment specified

¢ The peak AST and/or ALT levels or the number of patients who experienced
an AST and/or ALT >1000 IU/L must have been reported.

Cumberland notes that since 1973 when it was demonstrated that acetaminophen liver
damage could be protected by administration of SH donors such as NAC, most of the
studies compared NAC to other “supportive therapy”, and not to placebo. Some
published studies compared oral versus i.v. NAC. Studies also have shown that NAC
therapy is more effective if administered 8-10 hours after the initial APAP OD. This is
the time-interval before oxidized APAP metabolites like NAPQI damage the liver. Yet,
in most studies, the largest proportion of patients seek medical assistance after the 8-10
h initial period. Analyses performed by the sponsor include comparisons of efficacy
between “early” (8-10 h) and “/ate” (post 10 h) APAP overdose.

1. Case Report Database.
a. Demographics and Ingestion-to-Treatment Interval.
The group included 81 case report references describing a total of 97 patients.
According to the sponsor’s criteria, of the 97 patients described in these case reports

only 30 met the criteria necessary for efficacy analysis.

The mean age of the 97 patients was 25 y (1 day to 84 y); 70% were females.
Race information was available in 18 patients (14 White, 3 Hispanic, 1 Black).

Ingestion-to-Treatment (ITT) interval was known in 62 patients (64%). Of the 62
patients in whom the ITT was known, 26 (42 %) were treated within 10 hours; 36
(58%) were treated beyond the 10 h early period.

12 patients had abused alcohol at the time of the APAP OD, and 36 had ingested
potential confounding toxic drugs such as anti-depressants or tranquilizers.
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b. Dosage.

The sponsor text (Page 26, Vol 1) stated that total amount of NAC administered
was reported in 22 patients (22/97 = 23%). Of the 22 patients in whom the total
NAC dose was known, 9 received 1330 mg/k, which is the dose approved for the
oral route, and 7 patients were given 300 mg/k, the dose customarily delivered by
the i.v. route. The references selected by the sponsor reported 21 patients
receiving charcoal treatment.

c. Efficacy.

Efficacy was assessed in the 33 patients that met the four aforementioned pre-
established criteria to evaluate efficacy. The following Cumberland Table 4
illustrates the results of the primary efficacy based on the pre-established
endpoint, i.e., prevent biochemical liver failure as shown by serum ALT or AST
levels >1000 IU/L, and, pre-established criteria required to assess efficacy.

Tabile 4. Number of Paﬁentsﬂewopinsﬂmmmﬁy based on aaﬂyorlata administration of

Nmmmmlwmmrﬁmw

OramACOﬁy Both(OraI and v)'
s8hrs) | (>8 hrs) {sBhis} | {>8hrs) (Sshfs) (>’8‘hl'§)

1 ] 4 2 3 1 2

1",'3 0 8 | 1 0

The following Cumberiand Table 13.1.5.4 depicts the statistics of patients
developing hepatotoxicity, ALT/AST >1000 {U/L, in the oral versus i.v. route,
regardless of the ITT interval.

ORALve. IV

O
W
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Cumberland concluded that “this population is not large enough to statistically
compare the efficacy between oral NAC and i.v. NAC and between early and late
treatment groups (power,50%)". Cumberland noted that in the overall 41 patients
in whom ITT interval was known there was a trend towards less hepatotoxicity in
the early treatment group.

Reviewer Comments. .

1 concur with the sponsor’s conclusion that the population is not large enough to
show statistical superiority in efficacy, but | disagree that there is any concluding
trend shown in these results. A relevant issue is the lack of information about the
30 patients selected to assess efficacy. Neither the text nor the submitted
references (Appendix A, Vol. 2), include demographic characteristics and
immediate medical history of the selected patients. The lack of this information
hampers any inference about a potential efficacy of this patient population.

2. Patient Database

a. Patient Disposition and Demographics.

According to the sponsor, this database included 57 “clinical study/Arial
references. Of these, 13 references provide data on an “individual patient
base and 44 provide data based on a treatment group descriptions”. Of the 13
references that provided data on an individual patient bases, 8 references,

encompassing 97 patients, were selected by Cumberiand to demonstrate
efficacy in this Patient Database.

Of the 97 patients, 36 were females (37%), 24 males (25%) and 37 (38%)
unknown. Age was known in 60 patients; mean age was 27 y (1-68 y). Eighty
five patients (88%) were treated with intravenous NAC, and only 12 {12%)
with oral NAC. Of these 97 NAC treated patients, 59 (61%) received 300
mg/k, 6 (6%) received 250 mg/k, and 9 (9%) received a dose of 1330 mg/k..
The NAC dose was unknown in 23 patients (Cumberiand reminds that oral
NAC dose is 1330 mg/k whereas the standard i.v. dose is 300 mg/k).
Concomitant use of charcoal was given to 6 of the 97 patients.

b. Efficacy.

Cumberiand Table 10 (Page 59, Vol. 1) shows the overall primary efficacy
with NAC treatment, i.e., prevention of serum liver transaminases >1000 IU/L.
As stated, only 12% of this patient population were administered oral NAC,
while 88% of the patients were treated with intravenous NAC. Cumberland
Table 10 (Page 59, Vol. 1) shows that 24% (20/85) of patients given i.v. NAC
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developed hepatotoxicity whereas 76% (65/85) did not. Among the 12
patients who received oral NAC, 4 had serum liver transaminases >1000 IU/L.
These results revealed no statistical difference between i.v. NAC and oral
NAC in the incidence of hepatotoxicity. (Chi-Square p=0.461).

Tt 10. Number of Pafints Dovsioping Hepatotnxiclty When Administarsd Orat va. IV NAC,
T | Fepsoady | WoHepaeidy |
ALT/AST 1000 ALT/AST <1000 |
B 8 |
$333% %e8T%
» | 6

 Admiiistration
N2 |

wi2|r| 2

Cumberland Table 11 (Page 34, Vol. 1), shows the number of patients with
hepatotoxicity in patients treated within 10 hours of the APAP OD with i.v. or oral
NAC (early treatment). Noticeable, is the single oral NAC patient treated <10
hours of the APAP OD. There were no patients treated within 8 h with oral NAC.

(4D houirs

Tabh‘l‘lﬂml::f Pationts. Developing Hepatotoxicity When Administerad Oral-or IV NAC

ALT/AST >1000 ALTIAST <1000

Lato (»>10tim) |
. N=tt

' Eaify (<10 hrs)

2lwiz)

IV Acministration |- Ea - ‘s‘ ﬁ;;

Cumberiand Table 7 (Page 32, Vol. 1) illustrates the mean ALT/AST in patients
who received early or late i.v. NAC treatment. As seen, there was a large
variation from the mean.
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Cumberiand concluded that i.v. NAC showed statistical superiority in reducing
the incidence of hepatotoxicity when administered to patients within eight hours
of acetaminophen injection (compared to patients who had treatment after eight
hours). Cumberand noted that no comparison can be made between oral and
intravenous NAC based on ingestion to treatment interval, since there were no
reported early treatment group patients for oral NAC group. The sponsor added
that the oral late treatment group, although too small to statistically compare, had
similar percentages of hepatotoxicity compared fto the late intravenous group.

Reviewer Comments.

The primary aim of the meta-analysis was to defermine whether the proposed
intravenous NAC formulation and approved oral formulation have comparable
efficacy. This Patient Database group can not be used for the primary aim, due
to the small number of patients treated with oral NAC, as acknowledged by the
sponsor in its conclusion. Similarly, the absence of patients treated with oral
NAC at the early phase of the NAC therapy, i.e., <10 h of APAP OD, precludes
any conclusion of the benefit by an early NAC i.v. treatment.

Other deficiencies include the absence of information on the administered NAC
dose in 24% of the patients and incomplete intravenous dosing in 6% of the
patients. As in the previous database, Cumberiand did not provide the list of the
selected 13 references used to obtain the 97 patient database.

3. Group Database.

This search identified 57 clinical study/trial references. The sponsor reports that
of these 57 clinical trial references, 44 provided treatment group descriptions,

and seven references qualified for efficacy analysis. These references provided
data on 2,808 patients.

a. Demographics

The foliowing Cumberland Table 12, Page 62, Vol. 1, illustrates the seven
selected references and the demographic from each study.
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The following Cumbertand Table 14, Page 63, Vol 1, iliustrates the number of
patients who met the criteria of hepatotoxicity during oral or NAC treatments.

Tamuumrammgwwmnmmmlu IV NAC,

The following Cumberland Table 15, Page 64, Vol. 1, depicts the proportion of
patients treated <10 h after the APAP OD and developed hepatotoxicity. The
_ data shows sngmfcant difference in favor of early NAC treatment.

Studies, Data by Group . '
g’ ™G Hepalotmichy
. 4 ﬁLTIAST >1 . ALTIAST <1000
N=2443 % zz.m T7.5T%
LA I "
“Neaos | % 15.4% 84.66%
b. Efficacy

Oral Administration |—
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The sponsor concluded that the i.v. NAC group was better (50%) than the oral
group, and, that early NAC treatment (<10 h) was significantly better than late
NAC treatment (>10 h).

Reviewer Comments.

This database encompass the largest patient population. Unlike the previous two
databases, where there was absence of information about the source of patient
population, the references used fo compile this Group-Database was identified
by the sponsor. Since approvability of Cumberiand’s NAC i.v. formulation would
rest, in part, on the soundness of the submitted meta-analysis, it is important to
determine if the studies used fo integrate this group database were statistically
“combinable” (Egger M, GD Smith. Meta-analysis. Potentials and promise. BMJ,
No 7119, Vol. 315, 1997, taken from
hitp://fomj,mbjjournals.com/archive/7119/7119ed.httm). According to the reviewer
statistician, the Cumberiand meta-analysis cannot be used as a means to
determine efficacy, for the basic principles required to integrate the studies, i.e..,
similar design, adequacy of trials, similar patient population, known route of drug
administration, similar objectives/endpoints, were not fulfilled. The following were
the reasons for the statistician’s conclusion:

o Study Population. The study conducted by Riggs et al. focused largely
on a “special” population, namely, pregnant women overdosed with
APAP (Riggs BS et al. Acute acetaminophen overdose during
pregnancy. Obstet Gynecol 74:247-253, 1989).

¢ Study Objectives. The objective of the Bond study was to estimate,
retrospectively, the incidence rates of acetaminophen overdose in
emergency evaluations and hospitalizations. Further, the report did
not include the route used for NAC treatment. (Bond GR and Hite LD.
Population-based incidence and outcome of acetaminophen poisoning
by type of ingestion. Academ Emerg Med. 6:1115-1120, 1999).

e Dates of Treatment. Prescott did not describe the date of treatments
with i.v. NAC. The stalistician reviewer estimated that patients were
treated between 1973 and 1981 (Prescott LF. Treatment of severe
acetaminophen poisoning with intravenous acetyicysteine. Arch Intern
Med. 141:386-389, 1981).

s Treatment Regimen. Buckley et al used an intravenous NAC
treatment that differed from the one proposed by the applicant.. The
author stated that management of patients presenting within 4 hours
who have taken >125 mg/k of acefaminophen was to give activated
charcoal (1-2 g/k) and intravenous fluids. Patients admitted within 8
hours of poisoning were given NAC if the acetaminophen
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concentration is in the probable or high risk range (Buckiey et al. Oral
or intravenous N-acetylcysteine: which is the treatment of choice for
acetaminophen [paracetamol] poisoning? Clinical Toxicology, 37:759-
767, 1999).

Intravenous NAC Regimen. .Smilkstein et al used an i.v. NAC regimen
that differed from the proposed Cumberiand regimen. Smilkstein et al
gave a lotal intravenous dose of 980 mg/k over a period of 48 h
whereas Cumberiand proposes an intravenous dose of 300 mg/kg to
be given in 21 h.(Smilkstein MJ et al. Acetaminophen overdose: a 48-
hour intravenous N-acetylcysteine treatment protocol. Ann Emerg
Med. 20:1058-1063, 19917).

In spite of the deficiencies in the statistical methodology, the studies by
Prescott and particularly the more recent study/meta-analysis by Buckley
revealed clinical differences, i.e., lower serum ALT levels, in favor of the use
of NAC treatment in patients who have APAP plasma levels in the toxic
range, i.e., >200 mg/L, and more importantly, no differences in between the
use of intravenous and oral NAC . These results are shown in the next Tab!e
4, taken from the aforementioned Buckley et al meta-analysis..

" Table 4
Hmwmmaﬁrmm

CMAX Report No CM6603. The Hunter Area Toxicology Service (HATS)

a. Study Design, Patient Population, Demographics.

This was an ongoing prospectively design, open-label-observational study
conducted in the greater Newcastle area in New South Wales, Australia since
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January 1987. The major hospitals involved are the
——

The HATS database encompassed 1749 patients admitted for APAP
overdose in a period of sixteen years, from January 1987 to January 1983.
Of the 1749 APAP OD admissions, 399 (23%) received NAC treatment,
while1350 were not administered NAC (77%). Of the 1350 who did not
receive NAC treatment, 822 received some other treatment, such as gastric
lavage, oral charcoal administration.

The age of patients ranged from 2 months to 96 years. The majority (77%) of
patients who received NAC treatment ranged in age from 16 y to <40 y.
Sixty five percent of patients were females.

Approximately 22-24% of patients took toxic co-poisons of relevance. The
proportion was similar in the NAC treated or untreated patlents
Approximately 17% were users of alcohol.

b. Efficacy.

As stated, 399 patients received NAC treatment. Of these 399 patients, 208
had serum liver transaminases (ALT or AST) measured during admission; 64

were treated within 8 h of APAP OD, 128 were treated after 8 h of admission
and in 16 patients the time after the OD was unknown.

Of the patients who received other treatments, i.e., gastric lavage, charcoal
administration, 142 had serum liver transaminases measured during the
admissions.

Table 10.4.3 summarizes the results of the three groups: NAC treated,
treated but not with NAC, and untreated. As noticeable, 83% of patients
treated within 8 hours of the APAP overdose had normat serum liver .
transaminases. This 83% compares with 60% of patients who received other
treatments but no NAC, and 47% of patients who remained untreated.
Patients who received NAC treatment after 8 h of the APAP overdose had a
comparable proportion of normal serum transaminases than untreated
patients. The proportion of patients with serum transaminases exhibiting
hepatotoxicity, i.e., > 1000 U/L was very low in patients NAC treated within 8
h of the overdose and in patients treated with other treatments (3%) while
relatively high in the untreated group (17%). Differences between the group
who had NAC within 8 h, and those who received late NAC treatment, or
remained untreated, was statistically significant, at a level below p<0.01.
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Reviewer Comments.

These observational data provide information on the superiority of NAC
intravenous treatment versus no treatment. As in the previous comparisons,
there was significantly lower hepatotoxicity in patients treated within eight hours
after acetaminophen overdose. Noteworthy, during this early post-overdose
period, gastric lavage and/or oral charcoal were as efficacious as NAC treatment.
Absent in this observational data was a comparator of oral NAC treatment.

CMAX Study No CM8801.

Conducted in _ ; . and contracted by Cumberland, CMAX
CM8801 was a trial designed to assess the safety of two intravenous NAC loading
regimens, i.e., 60 minutes 150 mg/k loading dose versus 15 minutes 150 mg/k loading
dose. Subsequent to the assigned loading dose, all patients received 50 mg/k/4h,
followed by a continuous i.v. infusion of 100 mg/k for 16 h. The protocol for this study
was described in detail in my review of December 16, 2002. Briefly, this was a
randomized, multi-center trial. The protocol planned for a 500 patient enroliment.
Eligible were patients attended in hospitals for APAP overdose and who required NAC
treatment. On April 2001, Cumberland performed an interim analysis (IA).after the
enroliment of 99 patients (95 evaluable for efficacy). As described in my December
2002 review, the mean-age of patients was 30 y. Efficacy was not a prospective
endpoint, but a secondary assessment . The IA efficacy results showed a range of
hepatotoxicity (ALT >1000 U) between 5% and 12%. No significant difference in
hepatotoxicity was observed between the two loading dose regimens.
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The Division's NA letter requested Cumberland to submit data from the 212 patients
who were randomized to this study up to December 30, 2002. On March 12, 2003, the
study was terminated after enrollment of 223 patients Of these, 181 patients were
considered evaluable. Two patients were excluded from the efficacy data: 1 patient
(#024) was not formally randomized, another patient (#033) was supposed to be
administered the 60 minute dose, according to randomization, but was mistakenly
administered a 15 minute dose. Data of serum ALT was available on 177 patients, 108

received the 15 minute loading dose, and 69 received the 60 minute loading dose.

The efficacy resuits of the completed patient population were similar to the results
observed in the IA. Hepatotoxicity (ALT >1000 U) was observed in six (6%) of the 108

patients who received the 15-minute loading infusion, and six (9%) of the 69 patients

who received the 60-minute infusion. There was no statistical difference.

There were 56 patients who received NAC treatment within 8 h of the acetaminophen

overdose. None of these patients developed serum ALT levels in the range of liver
toxicity (>1000 U). In 110 (10%) patients, in whom treatment with i.v. NAC was initiated

after 8 h of the overdose; 11 developed ALT levels > 1000 U/L. In an additional 10
patients, the time of NAC treatment initiation, could not be ascertained.

Reviewer Comments.

The efficacy data obtained from this safety study are of little value. As stated in
my comments of the December 2002 review, the adequacy of this study is in
doubt, for <40% of patients were allocated to the 60 minute loading dose, casting
concems over the randomization process, and the efficacy data were evaluated
before completing enroliment, in an unscheduled IA. The redeeming data, is the
corroboration that i.v. NAC is effective if given within 8 h of the APAP overdose.

Efficacy Conclusions

Based on the HATS prospective observational study conducted in Newcastle
(Australia), and the large Buckley's study (a meta-analysis) included as part of the
Cumberland’s Group Database, | conclude the following:

1. Administration of intravenous NAC within 8-10 hours of an
acetaminophen overdose is effective to protect against biochemical liver
failure, as shown by serum ALTs below 1000 [U/L. Beyond the 10 h
window, efficacy of intravenous NAC does not consistently seem to
protect against liver toxicity (as shown in next Buckley Table 3).

2. Intravenous NAC, 300 mg/k infused over 20 h, and administered within
8-10 h of an APAP OD, is as effective as administration of oral NAC
1330 mg/kg, given over 72, (also seen in next Buckley's Table 3) .
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Executive Summary Section

B. Review of Safety.

My first review of this NDA (December 2002), detailed the NAC safety profile based on
the information of five submitted studies (see the introduction section of this review), the
‘safety accrued by the Rocky Mountain Poison Center (Denver, Co), and the preliminary
safety from the IA of the CM8801 NAC infusion study. As described in that first safety
review, the major risk of intravenous NAC administration are anaphylactoid reactions of
different degree of severity, i.e., from rash to bronchospasm, hypotension, and shock.
Death in patients treated with NAC was reported in my first review, but in all of those
fatal outcomes, the cause of death was either related to largé overdoses of NAC, to the
APAP overdose, or to other causes (suicide). In this second review of this NDA, | will
supplement the described NAC safety with additional relevant information from a recent
publication, namely a fatal outcome directly related to intravenous NAC, and with
additional information from the database, the HATS, and completed CM8801 study.

Death.

In 2002, Appelboam et al, reported a fatal reaction to N-acetylcysteine. This case was
included in the Cumberland’s Case Reports Database (Page 74, Vol. 1). The following

is the description of this case:

Appleboam VA, Dorgan P, J Knighton. Fatal anaphylactofd reaction to N-
acelyicysteine: caution in patients with asthma. Emerg Med J 19:594-595, 2002.

This 40 y woman was attended at the emergency department after taking 15 g of
paracetamol (acetaminophen) over a 48 h period. She had a history of
corticosteroid-dependent asthma and two previous admissions to ICU, once
requiring mechanical ventilation. Her treatments included salbutamol nebulizers
and 60 mg prednisolone/day. She also had a diagnosis of depression treated by
fluoxetine, and a past APAP overdose. On arrival to the ER, she was alert, able
to talk, in no respiratory distress or cyanosis. Chest auscultation was normal.
She was obese (101 k). Pulse and blood pressure were normal.

As antidote of the APAP overdose, she was given an initial intravenous infusion -
of NAC (150 mg/k over 15 minutes). After 5 minutes of infusing NAC, she
complained of feeling increasingly short of breath with no other symptoms.
However, chest auscultation revealed severe bilateral wheezing with poor chest
expansion. The NAC infusion was stopped immediately and she was given
nebulized salbutamol, 1 mg intramuscular epinephrine, 200 mg intravenous
hydrocortisone, and 10 mg chlorpheniramine. Despite these measures, and an
additional 1 mg intravenous adrenaline, she deteriorated, became cyanotic and
went into respiratory arrest. Ventilation by bag and mask was unsuccessful, and
an endotracheal tube was then inserted to assist ventilation. She subsequently
suffered a hypoxic cardiac arrest from what she was brought back after nine
minutes of cardiopulmonary resuscitation. In the ICU she continued to be
unresponsive and with myoclonic jerks, despite adequate ventilation. Her clinical
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state, brain CT scan and EEG revealed hypoxic brain injury. She died one week
after admission without regaining consciousness.

Reviewer Comments

This is the first fatal outcome to i.v. NAC, due to a severe anaphylactoid reaction
to an intravenous loading infusion of 150 mg/k of N-acetyicysteine, which is the
loading dose proposed by Cumberiand. Though the NAC loading dose was
infused in 15 minutes, instead of the ————__ proposed by the sponsor, there
is no proof that a vinfusion could have salvage this patient. in fact,
Cumberiand’s study CMAX CM8801 did not reveal any significant differences in
serious AEs between a 60 minutes and 15 minutes loading infusion. The
significance of this case highlights the need to wamn physicians about the
possibility of very serious anaphylactoid reactions in patients with allergies, and
the possible need to contraindicate the use of intravenous NAC in known
asthma. In this patient, immediate discontinuation of the i.v. NAC, and treatment
with bronchodilators and corticosteroids, did not prevent the fatal outcome.

Adverse Events in the HATS and CMAX CM8801.

The submitted databases and the HATS report included deaths, but none
apparently due to NAC, but due to complications of the underlying APAP
overdose, or to other causes, such as suicide.

The major recognized AE with the use of intravenous NAC is anaphylactoid
reactions. The HATS reported an unusually low rate of anaphylactoid reactions.
More in line with reported literature, the CMAX CM8801 had an incidence
ranging from 14% to 18% of anaphylactoid reactions, with 1-2% in the sever
category. The AEs from HATS and CM8801 are displayed in the next HATS
Table 10.3.1 (Page 1953, Vol. 6), and CM8801 Table 10.2.2 (Page 963, Vol. 1).
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Reviewer Comments

The proportion of anaphylactoid reactions observed in the CM8801 study,
14% to 18%, are in agreement with the proportion of anaphylactoid
reaction reported in the literature with use of intravenous NAC. Unclear
are the reasons for the very low proportion of anaphylactoid reactions
exhibited in the HATS data. Noteworthy, are the relatively high proportion
of nausea and vomiting, i.e., 4-11% of vomiting, displayed in the CM8801
study, with use of intravenous administration of NAC. Nausea and
vomiting, have been mentioned by the sponsor as the primary AEs, to
justify the use of the intravenous route for NAC administration.

Safety Conclusions

The relevant findings in this supplement of intravenous NAC are the reported
death of the 40 y old asthmatic woman caused by a NAC loading dose of 150
mg/k, in spite of immediate and appropriate medical intervention, and.the
confirmation of the already reported rate of 14 % to 18% of patients developing
anaphylactoid reactions after being intravenously injected with NAC, at the dose
and regimen of 300 mg/k proposed by the sponsor. Further, is the unexpected
finding of up 11% vomiting in injected patients.

| therefore conclude that intravenous infusion of NAC has potential serious risks,
even at the dose proposed by the sponsor, that require careful consideration
when administering NAC by this parenteral route.

IV. Conclusions and Recommendations

A. Conclusions

The sponsor submitted a meta-analysis of 3079 patients treated with NAC and
the HATS database from Newcastle, Australia to support efficacy of intravenous
NAC. Because of the heterogeneity of the references, Cumberiand's divided the
meta-analysis into three databases, i.e. Case Report Database, Patient
Database, and Group Database. The Case Report and Patient Database had no
identifiable source of reference or lacked a comparison to oral NAC. The Group
Database had seven identifiable references and was the largest database (2808
patients). The statistical methodology did not meet the standards of a
combinable and integrated meta-analysis. Hence, from a statistical viewpoint,
Cumberland's meta-analysis could not be used to support efficacy. Statistics
notwithstanding, the Group Database revealed a markedly low incidence of
hepatotoxicity as defined by serum ALT/AST <1000 IU/L in patients treated with

Page 26



Executive Summary Section

intravenous NAC within 8-10 hours of the APAP overdose. Two further pieces of
evidence, indicates clinical efficacy of intravenous NAC. First, the 1999 Buckley
et al study/meta-analysis of over 900 patients revealed similar efficacy between
intravenous NAC administered at the proposed 300 mg/k, and oral NAC
administered at 1300 mg/k. The intravenous NAC efficacy was largely
observable when NAC treatment was given 8-10 h of the APAP overdose.
Secondly, the Hunter database, which compared the intravenous NAC, 300 mg/k
to no treatment, confirmed the efficacy of the i.v. NAC when administered within
the 8-10 h post-overdose period. In this Hunter database, a small number of
overdosed patients treated within the 8-10 h early period with gastric lavage
and/or charcoal alone, exhibited similar low incidence of hepatotoxicity.

The safety profile of the intravenous NAC was supplemented in this second
submission with a fatal outcome reported in the literature of 2002. The patient,
an asthmatic, developed irreversible bronchospasm and respiratory failure
shortly after a loading infusion of 150 mg/k of intravenous NAC administered as
the antidote of an APAP overdose. The present submission further corroborated
that a proportion close to 1 out of 5 patients given intravenous NAC develop
anaphylactoid reaction, mostly mild or moderate in severity.

Based on the presented data, | conclude that there is evidence demonstrating
that intravenous NAC, administered within 8-10 h from an APAP overdose, is
effective in preventing hepatotoxicity defined by liver transaminases higher than
1000 IU/L. | also conclude that there are serious risks of intravenous NAC use in
patients with asthma and allergies to warrant a waming to physicians, but overall,
the benefits of intravenous NAC administration outweighs the risks.

Recommendations
| recommend the following:

1. Approval of Cumberland’s intravenous formulation of N-acetylcysteine
(ACETADOTE®), for the prevention of hepatotoxicity in patients
overdosed with acetaminophen.

2. The INDICATION section of the label should inform that intravenous
infusion of N-acetylcysteine has been shown to be effective within an
8-10 hour period of the acetaminophen overdose. No effectiveness
has been shown if administered after 10 hours from the overdose.

3. The label should include a WARNING section stating that serious
anaphylactoid reactions, including death, have been reported in
patients with asthma administered with an intravenous N-
acetylcysteine dose.

Page 27



—— Hi_...,...l..w_,,...f..___‘.___i:;_:‘zh T S Y T

Executive Summary Section

- . . - -

4. Administration of ACETADOTE® should be contraindicated in
individuals with a history or diagnosis of asthma, even if medicated
with bronchodilators or corticosteroids.
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Executive Summary Section

Clinical Review for NDA 21-539

Executive Summary

Recommendations
A Recommendation on Approvability

My recommendation is not to approve the proposed use of intravenous
formulation of N-acetylcysteine for acetaminophen overdose treatment. The
sponsor proposes a 21 hours of intravenous N-acetylcysteine dosing regimen
(described below in the section of “dosing”) “for the treatment. ————

My recommendation is based on the lack of
adequate and well-controlled clinical trials to show substantial evidence of
effectiveness of the proposed intravenous N-acetylcysteine dosing regimen for
the appropriate indication, i.e., an antidote to prevent or lessen hepatic injury
which may occur following the ingestion of a potentially hepatotoxic quantity of
acefaminophen. (taken from the approved oral N-acetylcysteine label)

B. Recommendation on Phase 4 Studies and/or Risk Management Steps

No proposed recommendations at this time.

Summary of Clinical Findings
A.  Brief Overview of Clinical Program

The sponsor submitted data on intravenous (i.v.) N-acetylcysteine obtained from
five historical publications, reported in US and UK medical journals. A
prospective protocol of two of these studies conducted in the US under identical
design, was the only submitted prospective documentation. The interim analysis
(1A) from an ongoing clinical trial, conducted on 20% of the prospectively planned
patient population, was the other documentation provided. The data of the five
historical reports and the IA were designated by the sponsor as “Primary
Studies”. The design of these Primary Studies was open-label; two were
randomized, and one was placebo-controlled. They included a total of 396
patients treated with various intravenous dosing regimens of N-acetylcysteine.

B. Efficacy
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N-acetylcysteine was introduced over 20 y ago as antidote to prevent liver failure
and high mortality related to acetaminophen overdose (OD). Mortality rates cited
in early publications on acetaminophen overdose (1970's and 1980's) were
>30%. In 1984, an oral formulation of N-acetylcysteine (NAC) was approved in
this country as an antidote for acetaminophen OD. The approved treatment
included initial gastric lavage, oral administration of activated charcoal, followed
by 1330 mg/kg oral NAC given over 72 hours. In 1999, Buckley et al, published
a comprehensive meta-analysis of oral and intravenous administration of NAC
(Buckley NA et al. Oral or intravenous N-acetylcysteine: Which is the treatment
of choice for acetaminophen (Paracetamol) poisoning? Clinical Toxicology,
37:759-767, 1999). 1t integrated 981 patients gathered from MEDLINE, EMBASE,
the Cochrane collaboration trial register, cross referencing from the authors
results and other series, review articles, and consultation with experts. Included
in the analysis were studies with enroliment of at least 20 patients. As shown in
the authors Table 2, the results revealed unexpected low mortality linked to
acetaminophen overdose, 0.2 %, with a similar low 3% morbidity (represented by
biochemical evidence of liver failure, i.e., serum ALT >1000 IU). Low mortality
and morbidity rates were observed in patients who were untreated, treated with
NAC, or with other drugs. Only 21% of patients included in the meta-analysis
had received NAC.treatment.

Table 2
Comparison of Patienis With and Withowt Hepatotaxicity
Hepatotoxicity Others
. (n=30) {n = 951) p value
Median age (range) ' 24 (14-70) 24 (0-89) 0.85
Male , 12 (40%) 342 (36%) 0.65
} Median time 1o preseatation, min (range) 1238 (30-5160) 165 (5=6540) 0.0001
Median amount of acetaminophen ingested, 24,000 ) 10,000 0.0001
mg (range) - (5,000-50,000) (120-77,000}
Late présentation (24 h) . 12 (40%) 28 (3%) ' . <0.0001
Probable or high risk concentration 12 (40%) 88 (9%) <0.0001
(<24 h) )
Received NAC 14 (47%) 191 (20%) 0.0004
Median time to NAC, min (range) 923 525 ‘ 0.0007
(330-2760) 20-2970) .
Length of stay, hours (range) 3 (10-285) 17 (0.9-2685) . 0.0001

Data shown as b (%) or median (range). p value using Wilcuxon Renk sum test or Yates' continuity corrected chi-square test,

The morbidity and mortality of acetaminophen OD in this rather recent meta-
analysis serves as introduction to assess the efficacy and safety data provided
by the sponsor. The order of the next brief summary of efficacy data from the
Primary Studies, is the order submitted by the sponsor in its table of Primary
Studies (see Section B, Clinical Review Section).

1. R Keays et al (BMJ, 303:1026-1029, 1991). Randomized, placebo-

controlled, open-label trial. NAC was given intravenously for 20 h and
15 min (150 mg/k loading dose given in 15 min, 50 mg/k for 4 h, and
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continuous infusion of 100 mg for 16 h). All 50 patients, 25 given
placebo and 25 treated with i.v. NAC had hepatic failure (ALT >1000
IU) at entry. Typically, mortality rate in acetaminophen OD is used as
an efficacy index of NAC therapy. This study reported a mortality rate
in the NAC treated patients of 52%. Though this rate was lower than
the mortality in placebo patients (80%), it constitutes a very high
mortality rate when compared to all reports on NAC therapy in
acetaminophen OD.. The authors reported benefits with NAC therapy
in the proportion of patients with cerebral edema, renal failure,
hypotension, level of encephalopathy. The aim of this study was to
assess any benefit of i.v. NAC in bona fide liver failure. It was not
designed to determine efficacy of i.v. NAC as antidote to prevent liver
failure in acetaminophen OD, which is the purpose of this NDA..

. HE Perry et al. (J Pediatr 132:149-152, 1998).. Non-randomized,
open-label study. The authors treated 25 adolescents (mean 15.5 y of
age) with i.v NAC, i.e., 140 mg/k loading dose, 70 mg g4 h for a total
therapy period of 52 h. This 25 adolescents were compared with a
historical control of 29 patients treated for 72 h with oral NAC. Seven
percent in the oral and 8% in the i.v. group developed severe
hepatotoxicity. Prothrombin time was significantly prolonged in the i.v..
NAC group. This is an uncontrolled study of a pediatric population,
with no statistical analysis.

. MJ Smilkstein et al (Ann Emerg Med 20:1058-1063, 1991). ldenticai
study design as the previous Perry study and shorter period of
intermittent i.v. NAC dosing regimen (48 h). The authors evaluated
liver biochemical abnormalities (ALT, AST, serum bilirubin) in one
hundred twenty three patients (mean 21 y, 79% women) treated with
i,v, NAC after various post-acetaminophen OD intervals (<10 h or > 10
h). Patients treated <10 h after acetaminophen OD had significantly
lower serum ALTs values than patients treated between 10-24 h after
the OD. The authors compared the results to historical data. There
were 5 deaths in all-entered patients (1 suicide, 4 died of liver failure).
Seven i.v. NAC treated patients were excluded from the analysis. As
with the previous Perry study, there was no parallel control treatment..

. T.E. Oh. (Med J Aust 1:664-665, 1980). This is a one page report of
an open-label NAC treatment. Eleven patients (10 females) with
acetaminophen OD were treated for 13 h with an i.v. NAC dosing
regimen {150 mg/k loading dose, followed by 4 h of 50 mg/k, and 8 h
continuous infusion of 100 mg/k). Ten patients recovered without
complications. One patient had liver failure (serum ALT >1000 IU). No
conclusions can be drawn from this report in only 11 patients without
concomitant paraliel or historical control,
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. LF Prescott (Ann Intern Med 141:386-389, 1981). Historical active-

active comparison, open-label. The i.v. NAC dosing included a 150
mg/k 15 min loading dose, followed by 4 h 50 mg/k, and 100 mg/k
given in two 8 h periods. The aim of this study was to show that the
interval of 10 h after the acetaminophen OD is important. The mean
serum ALT was 3814 1U in i.v. NAC patients treated between 10-24 h
post-overdose; greater than the mean ALT of 2022 IU observed in the
supportive control group. Similar to the previous two studies, there was
only historical comparison of data with no parallel control treatment
and no statistical analysis.

. Interim Analysis of CM8801. The sponsor did an interim analysis of

20% of a planned 500 patient enroliment. The study was designed to
compare two periods of administration of a 150 mg/k i.v. NAC loading
dose, i.e., 15 min versus a 60 minute. Each loading dose was followed
by a 4 h 50 mg/k i.v. infusion and a 16 h i.v. continuous infusion (total
21 h NAC treatment). The IA revealed 35 patients in the 60 min group
and 61 in the 15 min group. Only a total of 29 patients (11 in the 60
min group) were enrolled within 8 h post-acetaminophen OD (the
interval where NAC therapy appears to be more effective). The
comparison of liver enzymes in the serum of the 29 patients treated
within 8 h post OD showed no differences in efficacy between the
groups. The sponsor noted that no efficacy conclusions could be
drawn from such small number of patients.

Conclusion on Efficacy. Only three of the five historical reports (Primary Studies 2,3,5)
enrolled more than 20 patients and were aimed to show evidence of i.v. NAC efficacy as
preventive antidote in acetaminophen OD. All were open-labeled and lacked a parallel
control treatment comparison. The three studies revealed variable NAC efficacy. None
of the studies used the intravenous dosing regimen proposed in the label. Hence, the
data from these uncontrolled studies cannot be used to comply with the regulatory
requirement of substantial efficacy obtained in adequate and well-controlled trials.

C.

Safety

The Primary Studies submitted by the sponsor listed a total of 22 deaths in
patients treated the i.v. NAC versus 24 deaths in patients treated with
“other” tfreatments (oral, cysteine, methionine, supportive treatments). in

- another safety compilation , anaphylactoid reactions, including
bronchospasm (6%), angioedema (8%}, rash, pruritus, vasodilation (10%),
urticaria {(6%), nausea (10%), anapylactic shock (2 cases), death (3
cases), were the serious AEs, extracted from a total of 427 AEs which
occurred in 254 patients (out of 1050 NAC treated patients).provided to
the sponsor by the Rocky Mountain Poison Center of Denver (CO).
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Conclusion on NAC Safety. The overall safety range appears acceptable. However, the
provided data-base reveals that administration of i.v. NAC may induce serious
anaphylactoid reactions in susceptible individuals.

D.

The label proposes a = h {.v. NAC dosing regimen encompassing the
following periods:

Loading Dose. 150 mg/kg in 200 mi of 5% dextrose, infuse
intravenously for

Maintenance Dose. 50 mg/kg in 500 mi of 5% dextrose, infuse
intravenously over 4 hours followed by 100 mg/kg in 1000 mi 5% of
dextrose, infuse intravenously over 16 hours.

Special Populations

The pediatric efficacy in ages < 10 years was inadequate (3 patients).
The aforementioned study by Perry (Primary Study 2) was conducted in
25 adolescents (mean 15.5 y). An historical review revealed 15 deaths
associated with use of i.v. NAC in 104 pediatric patients. One case was
due to excessive i.v. NAC dose. Twenty minutes after the NAC infusion,
this child became cyanotic and never recovered from a circulatory
collapse. One death occurred in a 15 y old female treated with i.v. NAC for
acetaminophen OD. The15 pediatric deaths included fatal outcomes in 10
premature infants. One infant died three hours after birth; the mother had
been treated with i.v. NAC for acetaminophen OD. Ten other premature
infants had associated serious concomitant diseases. There were 2
pediatric reports of seizures following i.v. NAC infusions. Other serious
AEs reported in pediatric populations are similar to those described in
adults, with anaphylactoid reactions being the most frequents AE.

The sponsor did not provide data on any other special populations

Clinical Review

1. Introduction and Background

A.

Drug Established and Proposed Trade Name, Drug Class, Sponsor’s
Proposed Indication(s), Dose, Regimens, Age Groups
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An oral formulation of N-acetyl-L-cysteine (NAC) is approved for use for
the treatment of actaminophen overdose [acetyl-para-aminophenol (APAP
overdose)]. NAC is the nonproprietary name of the N-acetyl derivative of
the naturally occurring aminoacid L-cysteine. The sponsor proposes the
name of ACETADOTE® as trade name for its intravenous formulation of
NAC. NAC belongs to the class of drugs known as reduced sulphydryl
agents. As reduced agents, this class of drugs prevent cell oxidation and
cell death, by acting as cytoprotective H* donors. In the liver, NAC
behaves as a glutathione substitute. The foliowing figures, taken from the
presentation by Dr. John Senior, at the Advisory Committee on
Acetaminophen Toxicity (September 19, 2002), illustrates the normal
metabolic activation of acetaminophen, the formation of the harmful
metabolite NAPQI, and detoxification by glutathione or NAC.
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The following are the proposed Indication, Dose,
Regimens, and Age Groups.

Indication. . ACETADOTE® is “indicated for i.v. treatment .

Dose and Regimens. The sponsor’'s proposed label recommends a time
of administration in suspected APAP overdose, a loading dose, and a
maintenance dose. They are (verbatim), the following:

—'-—-_-—-_-_-__—-—"‘s

—

Loadmg Dose. 150 mg/kg in 200 ml of 5% dextrose, infuse
intravenously for ——

Maintenance Dose. 50 mg/kg in 500 mi of 5% dextrose, infuse
intravenously over 4 hours followed by 100 mg/kg in 1000 mil 5% of
dextrose, infuse intravenously over 16 hours.
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Age Groups. The proposed label does not specify age groups. The Primary Studies
studies were conducted in adults (=18 years) and adolescents (15.5 y). The label state
the following regarding NAC use in the elderly, — —

A

pharmacokinetic (PK) study in healthy newborns is the information on safety included for
“Pediatric Patients” in the Indication section of the proposed label. This label section states that
“no adverse effects were noted during iv infusion with acetylcysteine at a mean rate of 8.4
mg/kg/h for 24 hours to 10 preterm newborns ranging in gestational age from 25 to 31 weeks
and in weight from 500 to 1380 grams in one study (Study 1) or in 6 newborns ranging in
gestational age from 26 to 30 weeks and in weight from 520 to 1335 grams infused with
acetylcysteine at. 0.1 to 1.3 mg/kg/h for 6 days (Study 2). .Elimination of acetylcysteine was
slower in these infants than in adults; mean elimination half-life was 11 hours (Study 1)”.

i. Reviewer Comments

B. State of Armamentarium for Indication(s)

In the US, the oral NAC solution (Mucomyst® and Generic oral NAC
formulations) is the only current approved formulation. The approved label
indication for the oral NAC solution, reads as follows (reproduced from the
Mucomyst® label):

s Acetylcysteine, administered orally, is indicated as an antidote to
prevent or lessen hepatic injury which may occur following the
ingestion of a potentially hepatotoxic quantity of acetaminophen. It is
essential to initiate as soon as possible after the overdose and, in any
case, within 24 hours of acetaminophen ingestion.

The following is the list of approved and marketed oral and inhalant NAC
preparations, as provided by the sponser on Page 3, Vol. 1.11.
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Table 1 Approved NDA Applications for NAC
Rophcasan
Number Dosage Form Strength  Active Ingredient Company

“73-604 Solution; Inhalation, Oral _ 10% ~n-acetyicysteine Abbott
74-037 Solution; Inhalation, Oral 20% n-acatyicysteine 4 Abbott
13-801 Solution; tnhalation, Ora!l  10% n-acetylcysteine ~ Apothecon
13601 Solution; nhalation, Oral  20% n-acetyicysteine " Apothecon
72-323 Solution; Inhalation, Oral  10% n-acetylcysteine Bedford
72.324 Solution; Inhalation, Oral  20% n-acetyicysteine Bedford
70-575 Solution; Inhatation, Oral  10% n-acotylcysteine Dey
70-576 Solution; inhalation, Oral  20% - n-acetylcysteine Dey
71364 Solution; Inhalation, Orat  10% rn-acatyicysteine Faulding
71-365 Solution; Inhalstion, Oral  20% n-acetylcysteine Faulding
72-489 Solution; inhalation, Oral  10% n-acetylcysteine Lultpold
72-547 Solution; Inhalation, Orat  20% n-acetyicystoine Luitpold
72-621 Solution; Inhalation, Orat 10% . n-acetylcysteine Raoxane
72822 Solutien; inhalation, Oral 0% n-acatyicysieina Roxane

Clinical studies have included methionine and cysteine as active i.v.
treatment comparators, but these compounds never gained preference as
alternative to the use of i.v. NAC.

Important Milestones in Product Development

There was a single meeting between Cumberland Pharmaceuticals (the
sponsor of this NDA) and the HFD-180 Division. It took place on
December 15, 2000. The sponsor's objectives were to obtain the
following information: (a) input on the proposed 505(b)}(2) application, (b)
input related to the proposed labeling, (c) input on the existing non-clinical
and clinical data on the i.v. formulation, (d) input on the existing available
literature and existing published data on “an approved product in the US".
The relevant responses from the Division were the following:

» Specify which will be the pivotal studies and which will be supportive
studies. Regarding documentation from available or published data of
pivotal studies, the Division recommended “attempting to obtain as
much source documentation for the pivotal studies as possible. The
documentation should include protocols, the informed consent form,
case report tabulations, and case report forms deaths and dropouts. A
decision regarding the filability of your application will be made upon its
submission and based on a filing review of the NDA as submitted”. The
Division added that it may be useful to obtain data and study reports
that provided the basis for the approval of intravenous N-acetylcysteine
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in foreign countries (i.e.., Europe and/or Canada). The Division noted
that since full study reports are still required, the requirements for
source data for a 505(b)(2) applications are almost as strict as those

fora 505(b){1 ) application. Source documents are necessary to verify

authenticity of literature reports, assessment of protocol, design for
adequacy, and IRB approvals. Retrospective, uncontrotled, or open-
label studies, do not provide the strong, unequivocal evidence
necessary for pivotal studies. The firm stated that they will attempt to
obtain the best source data possible and would submit the results of
their search for our review and comments. The Division added that
safety and pharmacokinetic (PK) data may be obtained from patients
treated with i.v. NAC indications other than APAP toxicity. The
Division explained that if the firm is relying on safety and effectiveness
for its i.v. formulation, from the approved oral NAC, they must perform
a bridging bioavailability study.

Cumberiand did not request additional meetings since the described
meeting of December 15™, 2000

On October 19, 2001, the Office of Orphan Drug Products granted a
designation request for NAC i.v. NAC,

NDA 21-539 was received by this Agency on July 1, 2002. ltwas
submitted as a 505(b)(2) application and recelved priority status.
During the Filing Pre-Meeting, on August 30, 2002, there were
concemns about the appropriateness for filing this application. The
concemns were based on the lack of available documentation on any of
historical literature, including those classified by the sponsor as
“Primary Studies”. This medical officer (MO), with concurrence from
the Medical Team Leader recommended not to file NDA 21-539
(review placed on DFS on August 23, 2002). This recommendation
was based on the absence for “proof” of safety, efficacy, and adequacy
of the historical Primary Studies, i.e., patient consent form signed in
accordance to the Helsinki Agreement, prospective protocols,
prospective randomization, list of patient tabulation, list and reasons for
discontinuations, Case Report Forms of patients discontinued due to
adverse events. The Acting Division Director, Dr. Victor Raczkowski,
made the decision to file the NDA. A letter was sent to Cumberiand
Pharmaceutical informing it of the decision to file the application and
requesting further information. The requested clinical information was
the following (scanned):
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[

Provide a tabular summary of clinical efficacy data (and text if available) including; dates
of randomization; discontinuations; dates of efficacy endpoint measurements; data on
subsets of patients according to gender, sex, race, and age; and patient narratives in
WORD 97.

Provide prospective protocols of placebo-controlled tnals or other relevant pivotal trials.
Provide patient informed consent forms or forms signed by investigators or institutionat -
IRBseemfyingthatpaﬁtsweremnedacwrdingmﬂmlmstamendedDedmﬁmof
Helsinki.

Provide an assessment of the safety and effectiveness ofACETADOTE@mpedmtnc
patients as required under 21 CFR 314.55.

Provide a revised Form FDA 3454, “Certification: Financial Interests and Amrangements
of Clinical Investigators” inctuding a list of relevant clinical investigators as required
under item #2.

Provide a copy of the proposed unannotated Iabeling on diskette in WORD 97.

Other Relevant Information

intravenous NAC formulations are approved and marketed in many
countries of Europe and in Canada. The formulation proposed by
Cumberland is simitar to the NAC i.v. formulation marketed in Australia,
New Zealand and Canada. Although there is no i.v. NAC formulation
approved in this country, some medical care institutions have used filter-
sterilized 20% NAC oral solutions as i.v. formulations to treat APAP
overdose in patients who are unable to be treated by the oral route. In the
December 2000 meeting with the Agency, the sponsor reported that
during the 1994-1998 period, 50,552 US patients were treated with NAC
for APAP overdose; 2,517 were given NAC by the intravenous route.
According to the sponsor, this information of i.v. use in the USA is based
on data provided by the American Association of Poison Control Centers
and the Rocky Mountain Poison and Drug Center.(Denver, CO).

Oral NAC solution (Mucomyst®, Mead Johnson, co-sponsored by McNeil
Lab.) for APAP overdose, was approved on October 1984, under NDA 13-
601. The approval was based on the report of a pivotal large single-center
multi-clinic, open-label trial conducted under a prospective protocol titled
Management of APAP Overdose with a NAC Oral Preparation. The trial
was conducted by the University of Colorado Medical Center, Denver, CO.
Barry Rumack, MD was the coordinator. A prospective protocol for this
study was submitted by Mead-Johnson in IND 442. McNeil also co-
sponsored the study in IND —— NDA 13-601 included as supportive
trials publications by Prescott et al, on i.v. NAC administration in APAP

overdose. The primary study by Rumack, conducted between 1976 and

Page 15



Clinical Review Section

1978, which served as basis for approval of NDA 13-601, enrolled 662
non-selected patients with potentially hazardous APAP doses; 598 patents

were treated with NAC. Seventy seven control patients received
supportive treatment. The results revealed 6 deaths in the 77 controls

varsus 0 in the 598 NAC patients.
Important Issues with Pharmacologically Related Agents

Methionine and cysteine are chemical compounds with similar
pharmacological anti-oxidant activity as NAC. Methionine is approved by
the British Pharmacopeia as alternative oral antidote to treat APAP
overdose (OD). Cysteine has been used off-label for the treatment of
cystinosis, Currently, there are studies to develop systemize eye drops as
treatment for deposits of cystine crystals in the cornea.

Clinically Relevant Findings From Chemistry, Animal
Pharmacology and Toxicology, Microbiology, Biopharmaceutics,
Statistics and/or Other Consultant Reviews

Four major issues related to chemistry: (a) the manufacturing source does not
comply to the USP specifications, (b) drug product specifications are not
satisfactory, (c} incomplete information provided for the drug product stability,
(d) the container closure system is inadequate. The Division of Biometrics
(Dr. Tom Permutt) has evaluated the randomization deficiencies revealed by
the uneven proportion of the two patient groups described in the CM8801 IA.
He has concluded that the CM8801 trial was not design to provide evidence
of efficacy, and the results of the IA, confirm the lack of efficacy. It further
offers comments on the lack of strong evidence of efficacy revealed by the
submitted Primary Studies.

Human Pharmacokinetics and Pharmacodynamics

A.

Pharmacokinetics

The reviewer for biopharmaceutics (Dr. Albert Chen) summarized the PK
findings in the following sentence:

* Fourteen literature articles were submitted to support the PK of
i.v. NAC in healthy volunteers and APAP OD patients. The i.v.
NAC dosing regimen included in the submitted data was similar,
but not identical, to the proposed i.v. NAC dosing regimen.
Lacking was information on the 150 mg/k loading dose
administered over —_____ (as proposed by the label). The
reviewer attempted to obtain a PK profile of the proposed i.v.
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NAC dosing regiment in a simulated comparison with the
approved oral NAC This computerized simulated link was
unsuccessful.

B. Pharmacodynamics

No pharmacodynamic data were provided by the sponsor.

IV. Description of Clinical Data and Sources

A. Overall Data

The sponsor included 6 trials as “Primary Studies of Acetaminophen
Overdose, Other Studies APAP Overdose and Other Published Uses of
NAC” {Vol 9 (1.9)). Among the Primary Trials, the Interim Analysis of
CMAX Study No CM8801, was the only prospective data on the i.v. NAC
dose regimen, The other 5 studies were historical published reports. The
submission included prior publications of open label studies on NAC and
APAP OD (94 subjects), retrospective studies (1493 subjects), and case

reports (20 subjects).
B Tables Listing the Clinical Trials
Tabular of Clinical Primary Studies
[AC-Cootrol
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Kazys (1097) | Randonized, W Futminant 2528 Laborstory Survival was sigaticanty
Placebo contralied hepatic Eaura tasting including | prestar (=0.037) in the NAG
ot Ii.giwnwgur 21020F PT o companed o
S MD: 50mgykg over 4 Aga: 34{15 1o 80) Wﬂmumm
hours followsd by 100 ™apa A lower
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and
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{renisd group compared Io the
ey 7005 | Bpe ST o =y g IS A S e
W va. oral with ARAP M&Lm aa sffective 23 & 72-hour ved
LDr €40 mgig ower | overdose SUHMBF AST,ALT, NAC dasing ragimen in the
Wult Sits 60 rminides biindiin, and PT | treatment of APAP owrdose.
WDz 12 dosea of TO Ago: 18.6 (40.3)
Mgy weary 4 houry
Starlla, pyragen tree
NAC soluion, Gristol
[ Bmiicatein Opan bl —F"‘E “Young adulls et ] Taborslory A A5 hmar I NAL resbred |
{901) Siralification based wnd chikinan inciuding | was cansidered a3 slfcaadions
on APAP LD 140 mg/kg iv over | prasaniing wifh | NUF NK, but mostly F | ALT snd AST us ather NAC regimens whan
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MD: 12 dosss of 70 Age: 21{8.5) .
Muitl Site mpikg iv every 4
hours
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Mayers
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aﬁz g Btudy {ysaru)khlezn Paramaters
Design, Mo, | Regimm, Trads Age
R L ity At st
i Cir——m Taboraey ]
Historica condrol 1asting, including
LD 150 mgkg over TOMMF AST, bitiubin
Single site 18 minuins am PT
MO 50 mg/kg over 4 Age: 33 (1810 81)
hours followad by 100
mpkg over 18 hours
Mucomyst, Maad
Johnson
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¥ W, inirovenous; LD: loarfing dosa; MD- meintenance dose; NIK: not known; poc per os (oral)
®  Atotal of 223 patients enrollod: 179 patients mat all the inclusion criterta and were reportad in the reference

C. Postmarketing Experience
There were no post-marketing data provided by the sponsor.

D. Literature Review
This NDA is largely based on historical publications. The literature
included in the Primary Studies and the meta-analysis included by this

reviewer in the Executive Summary of Effectiveness suffice as
background literature on the subject of i.v. NAC and APAP OD.

V. Clinical Review Methods

A. How the Review was Conducted

The following steps were followed:
1. Review of the proposed Indication and Dosing Regimen.
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Review of prospective documentation, e.g., protocols, IRBs,
CRF.

Review of the Primary Studies to assess efficacy and safety.
Review of literature (if needed).

Conclusion on efficacy based substantial evidence of
effectiveness.

Based on steps 2,3,4,5, issue of recommendations for
regulatory actions.

ohw

o

Overview of Materials Consulted in Review

The material consulted were Vol. 2, 9, 10, 11, and amendments submitted
by the sponsor on October 28, Nov 4, Nov 15, Nov 27, December 3, 2002.

Overview of Methods Used to Evaluate Data Quality and Integrity

The methodology to assess quality and integrity was a combination of the
elements included in subsection A (How the Review was Conducted) and
the elements included in the immediate subsection D .

Were Trials Conducted in Accordance with Accepted Ethical
Standards

The enroliment of patients according to the Helsinki Agreement is known
for Primary Studies 2 {(Perry et al), 3 (Smilkstein et af), and Study
CM8801. There was no documentation on this subject for Primary Studies
1 (Keays et al), 4 {Oh) and 5 (Prescott).

Evaluation of Financial Disclosure
The sponsor provided no evidence of ﬁnancial conflict of interest with

investigators enlisted in CM8801 (ltem 5, Page 151, Vol. 1, October 28,
2002 submission).

Integrated Review of Efficacy

A.

Brief Statement of Conclusions

The conclusion on efficacy of the proposed intravenous dosing regimen
will be based on the presented Primary Studies submitted by the sponsor.
Specifically, the questions that need to be addressed in the submitted
primary studies are the following: Are the presented data showing
substantial efficacy to support the appropriate indication (prevention of
liver failure)? Are the results of the submitted primary studies based on the
intravenous dosing regimen proposed in the label? As will be explain in
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my comments of each study and conclusion, the submitted Primary
Studies fell short of proven substantiate evidence of effectiveness and
applicability of the dosing regimen.

‘General Approach to Réview of the Efficacy of the Drug

This reviewer's approach to determine efficacy was based on the review
of results from the six sources listed in Section B of this Clinical Review
(Tables Listing the Clinical Trials), designated by the sponsor as Tabular
Summary of Clinical Efficacy Data, Primary Studies. The results in each
one of the submitted “Primary Studies” were examined by the following:

(a) Prospective design aimed to adequately test i.v. NAC as preventive
drug therapy against the development of hepatic failure after an APAP
OD. The prospective study design was examined for the inclusion of
procedures that may minimize bias, i.e., randomization, blinding, placebo
or active control treatment groups

{b) NAC i.v. dose regimen that matches the sponsor’s proposed i.v. dose
regimen included in the proposed label.

(c) Statistical significance of efficacy of the tested i.v. NAC, administered
at the proposed doses and regimen over a placebo or active control (two-
tailed p>0.05) in the prevention of hepatotoxicity in APAP OD.

(d) Reproducible evidence of i.v. NAC efficacy for the appropriate
indication (prevention of liver failure in APAP OD) at the proposed doses
and regimen of administration.

Detailed Review of Trials by Indication

As stated, five of the six primary studies are published reports. According
to the information provided, the submission includes the 1983 prospective
protocol of two historical studies (Page 0007, Vol. 1., 21-539/N-000-BZ).
The Primary Studies will be described in the order placed by the sponsor
in its Tabular Surmmary of Clinical Efficacy Data. Primary Studies (see
Section B, this review).

R. Keays et al. Intravenous acetylcysteine in paracetamol
induced fulminant hepatic failure: a prospective controlled
trial. BMJ 303:1926-1029, 1991,

Objective: “To see whether i.v. acetylcysteine would improve outcome in
patients with fulminant hepatic failure after paracetamol overdose”.
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Design: Randomized, placebo-control, open-label. The authors stated in the
report that acefylcysteine could not be blinded because the solution has an
easily identifiable pungent aroma.

Center. UK, single-center (The Institute of Liver Studies, King's College
Hospital, London).

Intravenous NAC Dose-Regimen. Loading dose of 150 mg/kg given in 15
minutes, followed by a 50 mg/kg over 4 h, followed by a continuous infusion
of 100 mg/kg over 16 hours (1 liter).

Brief Summary of Patients and Resuilts. Patients with fulminant hepatic
failure after APAP OD were eligible for the trial. Fifty patients, admitted to the
“liver fallure unit®, were enrolled in the study; 25 patients randomized to i.v.
NAC, and 25 to i.v. placebo. All patients had a pulmonary artery line to
assess fluid wedge filling pressure and a radial arterial line. Oliguric patients
with a wedge pressure of >12 mm Hg were given dopamine infusion and/or
hemodialysis. Patients with grade 4 encephalopathy were "electively
ventilated”. Based on the admission arterial pH levels (<7.3), prothrombin
time (>100s), serum creatinine concentration (>300 pmol/l), and grade of
CNS confusion, patients were classified as fulfilling at least one criterion for
“poor prognosis”. The following Table 1 (scanned) lists the demographics.
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The authors report that 48% (12/25) of patients in the NAC group
survived compared to 20% (5/25) of the controls (p=0.037). In the subset
of NAC patients who fulfilled at least one criterion for poor prognosis 5/17
(29%) survived compared to 1/18 (6%). This difference, however, was
not statistically significant. The authors also report that fewer NAC than
placebo patients developed cerebral edema (40% versus 68%), and fewer
NAC NAC patients than placebo required drug control of blood pressure
(48 versus 80%). Both comparisons were statistically significant.
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i. Reviewer Comments.

1.

The rationale behind the NAC administration in APAP OD is to
prevent the development of hepatic failure, as appropriately stated in
the oral NAC approved indication. The approved oral NAC indication
recommends to initiate NAC therapy as soon as possible, and in all
cases within 24 hours after the APAP OD. This first primary study
was not design to prevent hepatic failure since all patients had
advanced hepatic failure at baseline, prior to NAC treatment, and, all
patients received NAC i.v. infusions well after the 24 hours of APAP
OD. Hence, the results of this study do not provide evidence of i.v.
NAC efficacy for the prevention of hepatic failure in APAP OD.
Noteworthy, the mortality rate of NAC treated patients, i.e., 52%, may
rank among the highest mortality rates reported in APAP OD patients
treated with NAC..

The additional relevant purpose to present a study as primary (or
pivotal), is to provide support of the proposed experimental drug dose-
regimen. The proposed Cumberland dose-regimen for its i.v. NAC is
composed of three parts, namely, (a) a 60 minute 150 mg/kg loading
dose, (b} a 4 hour infusion followed by (c) a 16 hour 100 mg/kg
continuous infusion. The NAC i.v. dose-regimen used in this first
primary study included a 15 minute 150 mg/kg loading dose, that is, a
loading dose administered that the Cumberland proposed
loading dose. Thus, the first part of the dose-regimen can not be used
to support the sponsor’s proposed dosing regimen.

As stated, the sponsor has not provided documentation to support the
design, patient protection, adequacy, and the results of this placebo-
controlled study.

(ii) Brief Summary of the Prospective Protocol Used to Conduct the Next Two
Primary Studies (Perry et al, and, Smilkstein et al).

This Protocol was sponscred by Mead Johnson Pharmaceuticals, the supplier
of the NAC i.v. solution. It was finalized in 1983.

Objectives. (a) to evaluate the safety and efficacy of i.v. NAC in the treatment
of patients who have ingested an APAP OD, (b) to compare the safety and
efficacy of oral and i.v. NAC given in similar dosing regimens, (c) to obtain
PK data oni.v. NAC,

Patient Sample Size. This protocol planned for an enrolment of approximately
150 patients, with 100 patients required to complete the i.v. dose regimen.
NAC PK was planned to be done in 20 patients.
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Design. Open, non-randomized, multi-center. The oral NAC information
was included in the protocol as “pool” historical data.

LV. NAC Dosing Regimen. A loading dose of 140 mg/kg followed by 70
mg/kg every 4 h for a total of 13 doses..

Gastric Lavage and Charcoal Administration. All patients should have gastric
lavage, and be administered oral activated charcoal.

Inclusion Criteria. “Patients at any age and sex who present with a history of
known or suspected acute ingestion of 7.5 g or more of APAP in adults or

140 mg/k of APAP in children who can be treated with NAC within 24 h time
of ingestion of the APAP OD will be entered in the study”..

Exclusion Criteria. (1) ”any patient who at the time of ingestion of APAP is
not kmown to be within a 2 h range”, (b) “any patient in whom NAC therapy
cannot be initiated within 24 h following APAP OD”, (c) any patient who

does not have a toxic APAP level range, (d) any patient known to have NAC

hypersensitivity.

“Statistical Variables”. Comparison of the studied NAC i.v. to the oral (140
mg loading then 70 mg/k every 4 h for a total of 18 doses). Variables include
death, maximum serum ASTs, ALTs, PT, bilirubin.

H.E. Perry et al. Efficacy of oral versus intravenous N-
acetylcysteine in acetaminophen overdose: results of an open-
label, clinical trial. J Pediatr 132:149-152, 1998.

Design. Open, non-randomized i.v. NAC treatment of APAP OD.

Period of Study. Ten years, i.e., between March 1986 to June 1996. A group
of patients who had ingested an APAP OD and had been treated with oral
NAC, enrolled in a 7 y period, served as historical controls.

Length of NAC Administration. 52 hours for the i.v. NAC group versus 72
hours in oral NAC group.

Mixed 1.V. and Oral Treatment. The report indicates that failure to initiate oral
therapy did not preclude to treat these patients with i.v. NAC. Success of oral
NAC therapy was defined as no vomiting for 1 h after the initial oral dose.

Intravenous and Oral NAC Dose-Regimen. As described in the above
prospective study protocol. All doses were infused for a period of 1 hour.
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Summary of Patient Demographics and Resuits. The investigators treated 25
APAP OD adolescents with i.v. NAC. Twenty nine patients, within the same
age range, treated with oral NAC, served as historical controls. Between 88-
90% of the treated patients were females. The demographics and time to
therapy data are shown in Table |. During the study period, 83 patients were
excluded from the trial (43 because of non-toxic APAP ingestion, 12 with
signs of liver failure, 5 for “long-term ingestion”, 15 for enlry after 24 h of
APAP ingestion, 7 for reasons of mixed oral-i.v therapy, 1 patient because
apparent ingestion of the APAP in the ER). The text report states that the
charts of 4 treated patients were not found, and they were excluded from the
analyses. LFTs in patients who developed severe hepatotoxicity (7-8%) are
shown in Tables li-lll. The PT, was significantly prolonged in the NAC group.

Table I. Patient characteristics by treatment group : .
- Intravencus group Oralgroup.  pVaive

{n = 25) {n =29)

Age yr) 155218 159 = 4.4 NS
Gender (% female) : 88 %0 NS
Treatment delay (hr) Md244 - 104237 0001

h _ T g e

Probable ‘ 2 T
Dasa acw axprossed s means.+ SD. l ) o - oA
&3, Not sigaifisape. '

'APPEARS THIS WAY
ON ORIGINAL
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Table II. P23k recorded laboratory vaiues

- Intravencus group A ~ Oral group pValie
=25 . . (n=29
AST (UL 62 (18.3684) 34 (15-10.600) ~ NS
ALT (TU/L) 82 (11-6906) . 42 (13-9840) NS
Bilirubin (mg/dl) 09 (03-178) - 0.9 (04-12.1) . NS .
PT(sec) .. ... 42027275 _ __ _156(110:572) 0.048
hmuwm&nuﬁnuu&mn parercheses. . . _ .

- Ly
Oradgroup . pValoe:,
=2
2 (6.9%) NS. .o
.0 NE !
1 (34%). . N§ -

i. Reviewer Comments.

1. The i.v. NAC dosing regimen used in study differs, markedly, from the i.v.

NAC dosing regimen proposed by the sponsor. In this study APAP OD
patients had an i.v. loading dose of 140 mg/kg, and then received 70 mg/k
every 4 h for a period of 52 h (12 doses). All doses were administered for a
period of 1 h. The i.v. dosing in the proposed label starts with a loading dose
of 150 mg/k administered in ————— followed by an infusion of 50 mg/k
in 4 hours, and a 16 h infusion of 100 mg/k for a total dosing period of 21 h.
Hence, the NAC efficacy results of this Perry trial, obtained with a different
initial load and intermittent dosing for a total treatment period of 52 h, cannot
be extrapolated to support efficacy of the sponsors proposed initial load, 50
mg/k for 4 and continuous 16 h dosing for a total 21 h treatment period..

. The potential administration of oral NAC prior to the i.v. NAC dosing in
many of the patients is an additional variable that further confounds the
efficacy results of this study.

3. The efficacy analyses is incomplete, for it does exclude treated patients.
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MJ Smilkstein et al. Acetaminophen overdose: a48 h
intravenous N-acetylcysteine treatment protocol. Ann Emerg
Med 20:1058-1063, 1991.

Design, Dosing Regimen and Length of I.V. NAC Administration. Design,
NAC loading dose and intermittent i.v administration were the same as
described in Perry study (both studies conducted under identical protocol).
The only difference was in the shorter period of NAC treatment, i.e., 48 h.

Summary of Patient Demographics and Results. Two hundred twenty three
APAP OD patients entered the study. The authors state that 179 met the
inclusion criteria. Reasons for exclusion were low acetaminophen plasma
concentrations (N=23), unknown time of ingestion (N=10), less than 12 doses
of i.v. NAC (N=6), more than 14 i.v. NAC doses (N=1), insufficient LFT to
determine outcome (N=2),NAC treatment started after 24 h of APAP OD
(N=1), 1 patient with rhabdomyolysis inconsistent with APAP OD. Patients
were grouped according to a standard acetaminophen plasma levels
normogram in “possible risk” group (200 pg/ml), “probable risk” group
(between 200-300 pg/ml), and “high risk” group (above 300 ug/ml). As seen in
Table 1, the majority of patients fell in the “probable to high risk” group.
Patients were similarly grouped according to time of initiation of i.v. NAC
therapy after APAP OD, i.e., <10 h or 10-24 h. The maijority of patients were
treated after a 10 h ingestion period (59%). The majority of patients were
women (79%) with a median age of 21 years (56% between the ages of 10-
20 y). Six of the 179 treated patients were less than 6 y old.

Table 1 shows that there was a statistical difference in the levels of hepatic
ALTs and ASTs between patients with high plasma APAP concentrations
treated <10 h after the OD and patients treated between 10-24 h after the
OD. These latter patients had significantly higher liver enzymes. There were
a total of 5 deaths in the 223 patients entered in the study (1 suicide
subsequent to the APAP OD). Two deaths occurred in the 179 analyzed
patients; both deaths due to complications of acute hepatic failure.

Note from Reviewer: Tables were scanned from submitted report copies.
Some details may not be legible.
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TABLE 1. Aminotransierase 2iuiyss by asi moug und delay to ‘tresement

Treatnent Daiay
0 o 10 Hours" 10 to 24 Hourst pe
Grotp 1 (Passible Risy) '
—Mtan (SIXAST (BML) . 1453 = 5128 1449 = 15157 39
- Mt pe AT L) - T TR = Mg 2017 = 11952 an
 Megian pelk AST (RIA) a2 : 3 are
< Miggian petic AT GUA ) a 1 .
" Mo, of pabants with AST or ALT
. mom than 1000 WAL (% 1723 {43%) W21 (18%) 10
- Growp- 2 {Probably Alsk) o
- ey padk AST UL 23 = 51.8 12453 = 2845 < 0005
. Sean ‘penic ALT ) €028 = 7.9 1,4080 = 205 < 0005
“Megian pes AST (UA) . s 0 000
“tegian gex ALY GUAY F] 12 2014
" . of cases with AST or AU . s
.~ "o ‘mors than 1.000 QI {%) - 50 110%) 23185 (21.1%) a3
Gm 3 (High Risk) Co :

. Shgn péax AST U ‘095 =208 18015 = 532 < 0005
“yiria vesk ALT {IWL) ©O1982 = 3437 19745 = 423 < (05
- sign geax AST ALY as 10 w0 -
Pdenian peae AT (UAY : s . © 0 X07

oM of Cases, wi AST or AT . ‘
[ 124 142%) 16750 (2% . Nne

0" WE) 00 SIEICE OUNNACE W Wy QORI NRION TREMNS Qrucs L I 5 1 o CEDGOTI WENNG 230 N9 Coun.

DI SIS EIXFICHY MUSING e NCNESE] A QOOK MM 0k AST (P » GO0Ck M0 AL (P = OOGTL Teoa Ges AST # <
OOHF g AT (% » DI0K, Jroocmmh of cxmg wath AST o AT o8 mon B ST ML P e 2080 N
140 400 Bours s R 90 4 Ay . ' : ’

in the next Table 2, the authors compare the “hepatotoxicity” found in this
study (48 h intermittent i.v.NAC treatment) and historical data from two
other selected publications of i,v, NAC and oral NAC therapy reports.

TABLE 3. Confpansen o epatotoxicire with otier N-acetyleysteins protocols

Trestment Daley #8-Haue W (%) WHoor V%) T2-Hour Onal (%)
e ot e o dmps oz
3 550 10 LN {

. Fops 51 {0-9%; _ {4-8%]

0-24 hosrs LAy 09 25N 2474335 \26.4)
, {15-3a%} (36-08%] (-2

- @ 13206 (A

10 hours 24 (42 ' 133 T i

p o {0-2%j fo-16%) (5-13%|

10-24 hours 150 32 1027 {67 192/578 (34.4)

" ' [18~4™) S ot , [20-3r%)

*-24 bos 1118 157 i@ - 118/283 {41}

134-30%; . [45-98%) - {3547

Vluis Quen 3 TN & Cn i {95% comdence Ateran] v 35T 3 A of mice By 0203 AL
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i Reviewer Comments.

1. My previous comments of the Perry et al. study, related to the dosing regimen
differences, apply to this Smilkstein et al study. The efficacy resuits in APAP
OD patients, obtained with an i.v. NAC dose regimen of 140 mg/k load dose,
intermittent 70 mg/k administration and 48 length of therapy, cannot be
extrapolated to an i.v. NAC regimen of 150 mg/k loading dose, 4 h of 50
mg/k, and a continuous 16 h therapy of 100 mg/k.

2. The efficacy results are further confounded by the exclusion of 7 NAC-treated
patients who were excluded from the trial, and other unaccounted exclusions.

3. Noteworthy are the authors comments on the comparison of hepatotoxicity
found in this study and hepatotoxicity described in historical reports. The
authors state that “Unfortunately, valid statistical comparison with historical
controls is precluded by the unavailability of prior raw data and by the
possibility of difference in numerous confounding variables between the study

samples. As a result, further study is needed to accurately determine efficacy
of different treatment, particularly in the most problematic patients in group 3
first treated more than 16 h after OD”.

T.E. Oh and Gillian M Shenfield. Intravenous N-acetylcysteine
for paracetamol poisoning. Med J Aust 1:664-665, 1980.

NAC Dosing Regimen and Demographics. This is a one page report of
eleven APAP OD patients treated with open-label i.v.-NAC. NAC i.v., given
first as a 150 mg/k load, followed by 4 h 50 mg/k dose and 8 h continuous
infusion, was administered for a total of 13 hours. There was no mention time
of loading-dose administration. All patients underwent gastric lavage and
were given oral activated charcoal prior to the i.v. NAC therapy. The following
Table 1 lists patents age, sex, paracetamol plasma concentrations, and liver
transaminases on admission. As seen in the table, 91% of the patients were
females. Serum transaminases, bilirubin levels, and PT ratio in Patient 1 are
diagnostic of hepatic failure. The authors report recovery of all patients..

_ C Tamet
Dutass of Pruencs with Parscetamol Poganng [rasted with intravenous N-Acstvicysiene

. Ingestion.  intisd Maumgm  Masimum
Peoent Age- Sex  Treatmemt: Parsasumal  Ler Blnvbin  Promearsoin

j (Yenra} et Lol Levat Rewo

{Hoursp  imguLl (amalil)
1 28 L3 20 Tial 67 .8
2 2 ¢ s 3 ) 1.1
3 15 f 0 1 18 1.0
4 18 F 8 » 1.0
M n E 8 A7 1" 1.0
M 17 F 8 30 0 1.4
7 LTI 8 30 10 t.0
8 82 ¢ 4 » 9 1.0
9 57 F s .3 ] 1t
10 4 g A n 10 1.0
1", 81 ™ , n i1 1.1

i
Pty
Mumpie, Fulsmain.  AST=Asperite arwnorransiecses.

1 “s\i =



i. Reviewer Comments.

1. This 11 patient report is an interest observation in female APAP OD, but
constitute little evidence (if any) of continuous i.v. NAC efficacy for APAP
OD . Further, the i.v. NAC dosing regimen does not specify time of loading
dose administration, and the continuous i.v. phase was administered for 8 h
only, instead of the proposed 16 h submitted in the label.

LF Prescott. Treatment of severe acetaminophen poisoning
with intravenous acetyicysteine. Ann Intern Med 141:386-389,
1981.

Design. The author compared the efficacy of 100 patients who ingested
APAP OD and were treated with i.v. NAC, cysteine, or methionine given
intravenously, and 50 patients who received supportive therapy.

Objective. The main objective was to demonstrate the that interval
between the APAP OD and initiation of the i.v. NAC therapy, i.e., <or >
than 8-10 h is relevant in the prevention of liver failure due to APAP OD.

Dosing Regimen of the i.v. NAC. The i.v. NAC dosing regimen is shown in
Table 1.

Table 1.—intravencus Acetyicysteine
for Acetaminophen Puoisoning
Doss of
Acetylcyn- _Vﬂm‘“
mp/vg®  Destose, mL  of inksion
150 00 15 min
] 500 a4
50 500 hr
50 00 Shr
*Totst dose. 300 mg/kg in 20 howry, 1S aun-

s

Patient Demographics. All patients were diagnosed as having APAP OD
by measurements in the normogram of the APAP plasma levels. The
mean age of patients was 33 y (13 to 82 y). There were 42 males and 58
females. NAC i.v. was given as a 20% sterile aqueous solution.

Results. Tables 2, 3 summarize the results Basically, there was a
noticeable difference between the proportion of patients with liver damage
among those treated with i.v. NAC within 10 h after the APAP OD {2%)
and the proportion of liver damage among those treated with i.v. NAC after
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10h post OD. Similar trends were observed in patients treated with i.v.
cysteine or methionine..

Tabls 2.—Intravencus Acstyicysieine Treatment as Compared With Supporive
Therapy in Patlents With Severe Acstaminophen Poisoning®
Mean Maximum .
Maximum Silirubln Maso Mazimam Mo, (%) With

Mode of Neo.of ALT Activity.t Concenwation,  Prolhmmble

Trestment Pationts L mg/dL Tine Rstio  Liver Osmagal
wiln 10 e 62 113 09 T 1)
within 10t

24 b 30 3814 14 1.9 20 (53)
tharapy g7 >2.022 33 19 53 (58)
*Dsts from Prescatt st als
I.‘;".‘!"“'..-f'.".?m."“L' iy than 1000 L/

Tabig 3.—~Liver Damage in High-Risk* Patients
With Acetaminophien Poisoning Recening Supportiva Therapy.
and in High-Risk Patients Aeceiving Intravenous Acetyicysteinet

Mean Mazimum .
Mean Maximum Bllirubin Masn Maximum  No. (%) With
Mode ot No. of ALY Activity,; Concantration, Pruoihrombin Severe

Treatmenl  Patients /L mg/dL. Tioe Retle Liver Damaged
Acatyicysteine
within 10 »r 3 18% 09 1.3 1®
Acetyicysisine
within 10 to
24 I w 4919 4.2 21 18 (87)
Supportiva
therapy % >3.158 32 -2 2589
*Plaams costaminophern above 3 semilogarithumic plot of 300 g /mi. 2t 4 hours and 48 py/mL st 18
hours,
{0sta trom Prescott ot al.* )
TAlaning sinotranyfersse is ALT.

SLiver damage is ALT or gspanate aminouansierase sctivity greatar than 1,000 U/,

i. Reviewer Comments.

1. This trial, one of the first trials with i.v. continuous NAC infusion in APAP
OD, offers relevant information on the need to initiate NAC therapy promptly,
i.¢., within 10 h after the OD. The loading dose, given here in 15 minutes, and
the two 8 h i.v. infusion periods, constitute differences that make an
extrapolation to the sponsor’s proposed - load and continuous 16 h
infusion difficult to interpret. The following questions remain: Would the
results have been the same if the loading dose of 150 mg/k would have been
spread for—— ? Were the two 8 h infusion periods consecutive in all

patients, or in some patients? As commented by Smilkstein et al in his
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publication, interpretation of this historical information without corroboration
of raw data preciudes a valid interpretation of efficacy results.

2. Noteworthy, the difference in the proportion of NAC patients with
biochemical liver damage treated after the 10-24 h APAP OD was high
(67%), and similar to the proportion of patients with severe liver damage
treated with supportive therapy after the same 10-24 h post-APAP OD..

¢ Interim Analysis of CMAX Study No CM8801.

This interim analysis (IA), was performed by (contracted
by the sponsor, Cumberiand Pharmaceuticals, Inc). The |IA was completed
on April 2001. it included patients enrolled in Study CM8801 from May 6
1999 to March 30, 2001. All 6 centers enlisted in Study CM8801 were
located in Australia

Protocol. One page protocol submitted on Page 180, Vol. 1.8.1 (Vol. 1.9).

Aim. “To determine the incidence of adverse reactions due to i.v.
NAC is significantly less when a 60 minute infusion rate for the
initial dose is compared with the standard infusion for the initial
dose of over 15 minutes. All patients will be carefully monitored for
efficacy in both treatment arms of the study”.

Inclusion (Criteria). All patients that present to the hospitals with
paracetamol poisoning that requires the administration of NAC.

Exclusion (Criteria). Patients with known hypersensitivity to NAC
will be excluded.

Design. Multi-center, randomized, “prospective trail”.

Planned Patient Size. A total of 500 patients randomized to two
groups: (a) 60 minutes 150 mg/k NAC i.v. loading dose or (b) 15
minutes 150 mg/k NAC i.v. loading dose. All patients will
subsequent to the loading dose receive.4h of 50 mg/k, followed by
a continuous i.v. infusion of 100 mg/k for 16 h.

Efficacy Endpoints. There were no established efficacy endpoints.
There is one sentence in the protocol stating that efficacy will be
assessed by analysis of serum AST, ALT and International
Normalized Ratio (INR). Blood for these tests will be drawn at
baseline, and 12 hours intervals (4 samples). The protocol states
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that *if there is any preliminary data that indicates lack of efficacy of
the treatment arm the study will be terminated immediately”.

¢ Patients and Results Observed in the IA of Study CM8801..

(a) The |A performed included 99 patients. The sponsor excluded 3
patients for the following reasons (scanned from the edr). Hence, the

patient data included 96 patients.

Foliowing the recording of these data, it was realized that Patient 17 and Patient 49 both
entered the study after the nominal cut-off date and thus were incorrectly aliocated a patient
code. As such, data from Patient 17 and Patient 49 have not been included In the data listings
or this inferim analysis. One patient (Patient 24) was not formally randomized in accordance
with protocol procedures (refer to Section 6.2) and as such data from this patlent was also not
included in the data listings or this interim analysis.

The following sponsor’s Table 5 shows the breakdown of the two groups.
the data included 61 patients given 15° NAC load and 35 patients
administered 60’ NAC load. Seventy three percent (70/96) were females.

Table 5: Mean Demographic Data by Gender and Treatment

Troatment Mean age Mean Weight
(yre) {kg)

15-minute (n=61) a2 66.87

[ Far T5-minufe treatment
Male (n=12): 38 81.71
Foemaleg (n=49): K} 62.94
80-minute (n=35) 29 69.05
Far 60-minute treatment
Msle (n=14): 31 87.38
Female (n=21): 28 59.20
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Eleven patients did not complete the NAC therapy, i.e., 4 in the 60’ group
and 7 in the 15’ group. The reasons for premature discontinuations are

Clinical Review Section

shown in the next sponsor's Table 12.2.1.
Teble 12.2.1 Discontinued Patignts

Patent Site Treatnent
Number Number

Reason for Patient Discontinuation

21

M

(b) Efficacy. ALT values were available for 95 patients, AST for 55 and
INR for 72. The sponsor states that there were no differences in LFTs
between groups based on the analysis of maximum measured ALT
using a non-parametric Wilcoxon test (p=0.18). The range ALT levels

" 80-min

o2 15-min
80-min
Q2 15-min
a2 15-min
oz 15-min
03 S0-min
02 S0-min
a2 15-min
oS 18-min
08 1&-min

Patlent absconded from hospital.

This patient was withdrawn dues {0 & low paracatanial ivel, which was
batow warranting treatment with NAC.

Thia patient was wittxirawn due to an advense avont.

This patient was withdrawn due to a low pamcatamol level at 4 hours,
which was balow NAC trastamnt iavel.

NAL Infusion was not indicated as orginafly thought.

Pabient transfisrred to paychistriic hospitad, ver function values normal,
infusion ceasad and patelnt was withdrawn when liver function valuas
mproved.

FaSient transferred to adolescent unit.

Thia patiert was withdrawn due to a low paracetamal ievel, which was
below warranting treatment with NAC.

NAC Infusion no longer dinlcalty indicated.

This patient was withcirawn due to an adverse event.

are shown in the next table (scanned from edr).

APPEARS THIS WAY
ON ORIGINAL
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ALT subject max level

No. of subjects In range

Bragks Range 15-min, N=61 80-min, N=34
ONomat: 0-55 48 22
55Elavated: 56-150 7 3

Lesser hepatic injury: 151-
1501000 3 5
1000Hepatotoxicity: >1000 3 4
Total N 61 34
Unknown 0 1
% Nomal/Known 79% 85%
% Elovated/Known 1% 9%
9% Injury/Known : 5% 15%
9% Toxicity/Known 5% 12%
9% Linknown 0% 3%

The sponsor states the following about the levels of hepatotoxicity {the
relevant index to assess NAC efficacy as preventive antidote) (copied and
unedited):

The observed rates of hepatotoxicity for the two treatment groups were 5% (3 patients out of
81) for the 15-min lreatment group and 12% {4 patients out of 34) for the 60-min treatment
group. With the relatively small numbers of patients involved in this interim analysis, the
difference betwaen the hepatotoxicity rate in the two groups is not statistically significant (the
difference is 7%, with a standard emor of 6%).

Toxicity is effected by the dosage of paracetamol consumed and the time batween ingestion of
the paracetamol and administration of NAC.

Graphs of maximum measured ALT, and log {(ALT), against maximum paracetamol
concentration did not Indicate any strong relation between maximum paracetamol concentration
and maximum measuned ALT for either treatment group (refer to Section 10.3). The R-squared
value for fiting a regression of maximum measured ALT on maximum measured paracetarmol is
less than 0.1, on both linear and log scales, with the estimate for the slope being negative.

In reference to the above efficacy results, Cumberland concludes the
following (copied and unedited)
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Clinical Review Section

Previous studies have shown that hepatotoxicity is rare in patients who receive NAC treatment
within 8 hours of paracetamol exposure (Smilkstein, Knapp, et al. 1988). Once 8 hours has
elapsed in patients with at risk paracetamol concentrations, sufficient NAPQI has been
produced to cause some hepatic Injury. Thus a transaminase rise in patients who present later
than 8 hours is not useful in determining the relative efficacy of the two treatment protocols.

In this study there were 29 patients for whom ths only listed ingestion of paracetamol Is within 8
hours of the start of NAC administration (18 with 15-min initial infusion time, 11 with §0-min
initlat infusion time). None of these patients were among the ssven who had measured ALT
values above 1000 U/L. These seven were all known to have had a lapse of al least 8 hours
since ingestion of paracetamo! (with one patient ingesting additional paracetamol within 8 hours
of NAC start time). This is a known risk factor for the development of hepatotoxicity.

Given the sample sizes and the nature of the data, it was determined by the clinical
investigators at .in conjunction with the Consultant Statistician, that
any further analysis on hepatotoxicity would not provide meaningful information.

Reviewer Comments.

ot
.

1. This interim analysis, encompassing only 20 % of the 500 planned patient
population, has no relevant efficacy results. The absence of an active
comparator, e.g., oral NAC or i.v. methionine, is an indispensable factor
missing in the interpretation of the data.

2. Noteworthy, in spite that 70 % of patients treated with i.v. NAC received the
antidote >10 h after the APAP OD, only 6 % of patients developed ALTs

21000 IU, i.e., range of hepatic failure.

3. The validity of the prospective randomization may be in doubt, for of the 96
consecutive patients allocated to the two groups, 68% were allocated to the
15’ loading dose versus 32% to the 60’ loading dose. The Division of
Biometrics (Dr. Tom Permutt) is reviewing this and other statistical issues.

Efficacy Conclusions

The sponsor submitted six “Primary Studies”. Five of the studies were
historical reports (publications). Of these five historical reports, the study
by Keays et al. was the only placebo-controlled study. This study,
however, was designed to study fulminant hepatic failure due to APAP
OD. Indeed, all 50 patients enrolled in this study had hepatic failure at
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ViL.

baseline and the authors reported a 52% mortality rate in patients treated
with intravenous NAC, an unacceptable rate for APAP OD patients treated
with NAC. Hence, this study is not of use to address the issue of i.v. NAC
efficacy in the prevention of hepatic failure due to APAP OD. Further, the
length of the iv. loading dose in the Keays study, 15 minutes, differs from
the specific length of loading time,— " included in the proposed
label. Two other published reports, both conducted under identical Mead
Johnson protocol in the 1980's, include some efficacy of i.v. NAC in APAP
OD (Perry et al and Smilkstein et al). Both studies were open-label, and,
the comparisons were made against prior historical efficacy data obtained
with oral NAC therapy. As importantly, the intravenous NAC dosing
regimen in both studies, differed from the NAC intravenous regimen

proposed by the sponsor,ie. -~ __——— -

o

— —\. A similar problem with dosing
regimens were observed in the primary studies reported by Oh and
Prescott.. The study by Oh and Sheinfeld was a one page report of 11
cases treated in a medical center (no control treatment). The sponsor
submitted an IA of a study designed to assess safety two different i.v.
loading dose periods, 15 minutes versus 60 minutes. The protocol
planned for 500 patients; the IA analysis included <20% of the planned
patient population (96 patients), and did not reveal any difference in
efficacy.

Based on my review of the submitted primary studies, | conclude that
there is no substantial evidence of effectiveness to support approval of
the sponsor’s proposed regimen of continuous intravenous NAC therapy,
to be used for the appropriate indication ——m

L—

Integrated Review of Safety

A

Brief Statement of Conclusions
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Clinical Review Section

My review of the submitted safety information leads me to conclude that the i.v.
NAC safety is acceptable. As it will be described, there are some rather serious
risks in the use of i.v. NAC as relates to anaphylactoid reactions. Although these
AEs have been observed with both, oral and i.v. NAC administration, they appear
to occur more frequently with i.v. NAC. The anaphylactic reactions to NAC
appear to be more serious with i.v. administration. A few deaths have been
associated with apparently large doses of i.v. NAC. Exposure to the drug, listing
of AEs in primary studies and the Rocky Mountain Poison Center compilation will
be shown in the next sections.

B. Description of Patient Exposure

The following sponsor’s table, taken from the ISS, Page 141, Vol 1.8.3 (or Vol
1.11) shows the exposure to i.v. NAC in APAP OD reported in the primary
studies, and few other publications.

Table 19 Exposure to iv NAC:: Published Clinical Studies With an iv NAC Dosing Regimen
Similar to Proposed Regimen, Acetaminophen Overdose

Study Design/ Number of Number of
___Ralamm Dose Regimen Studies Patients
Randomized, LD 150 mg/kg over 15 minutes 1 25

controfled MD: 50 mg/kg over 4 hours followed
. (Keays, 1991) by 100 mgikg over 18 hours
Open L abel LD: 140 my/kg over 60 minutes 2 204
{Perry, 1998; MD: 12 doses of 70 mokg
Smilkstein, 1991;Ch, 4 hours .
1980; Prescott, 1681; .
Prascott, 1589; LD: 150 mg/kg over 15 minutes ) 168
Hamison, 1991; ND: 50 mgig over 4 hours followed
Prescett, 1877; and by 100 mg/kg over 16 hours
Beckett, 1950)

Retrospective LD: 150 mg/kg over 30 minutes 1 a1
(Prescott, 1979; Chan, MD: 50 mg/kg over 4 hours foliowed
1994; Lifshitz, 2000; by 100 mg/kg over 16 hours

Hanison, 1980;
Schmidt, 2001;and  LD: $50 ing/kg over 20 minutes 1 92
Chan, 1006) MD: 50 mg/kg over 4 hours followed
by 100 mg/kg over 16 hours
LD: 150 mg/kg over 15 minutos 4 T2
MD: 50 mg/kg over 4 hours followed
by 100 mg/kg over 16 howrs
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Clinical Review Section

C. Methods and Specific Findings of Safety Review

The sponsor submitted safety data from the IA of study CM8011, some
information from the publications or 5 historical data submitted as primary studies
(not documented), data from publications on the NAC use for other indications
(septic shock, renal transplant, stroke), and review boards on some patients, who
were discontinued from these studies due to NAC related AEs, and a summary
report on the medical literature regarding safety of i.v. NAC from the Rocky
Mountain Poison and Drug Center (Denver, CQ) dated 12/27/2001.

Deaths. The next sponsor's Table 45, Page 195, Vol. 1.8.3 (Vol 1.11) lists
deaths that occurred in triat reported in the literature.

Table 45 mmmwmmwamumwmm
Acetaminophen Overdose
“Dosing Number of Deaths Related
Regimen NAC Other Causa of Death to NAC Refgrance
“Propesed 13 % Not reported Not Keays, 1951
Renimen reporied
8 ] APAP ovardose No Smilketein, 1991
1 0 Suicide . No
1 0 Adult respiratory distress No
syndrome and anaxic brain
injury sfter ingestion of
malathian
2 4 Hepatic failure No Prescott, 1981
Other
Regimens .
16 3 . Hepatic fallure No Harisson, 1990
1 0 Circulatory collapse Related Anonymous,
1990
10 0 Not given Not Harrison, 1991
reported
1 0 latroganic overdoss (2.5 and  Retated Mant, 1984
6.0 times the normal loading
dosage)
1 0 latrogenic overdose (10times  Related Mant, 1584
the normal loading dosage)
2 ¢ Not reported Not Buckioy, 1991
. reported

AEs Tabulated in the IA of CM8801.

The following sponsor’s Table 10.2.1.3 shows the proportion of patients
with 1 or more AEs in the 15’ and 60 ‘ group. No differences were
observed between the two group of patients (scanned from edr).

Page 38



Clinical Review Section

Table 10.2.1.3 Adverse Events Incidence by Patient

NUMEER (%) OF PATIENTS WITH ADVERSE EVENTS

TREATMENT 15-min 60.min pvalue
 numBER OF PATIENTS pes1 =
With an Adverse Event 40 (B0%) 22 83 %) ND
With & drug-relsted Adverse Event® 34 (56'%) 15 (43 %) 022
With a moderels or severe drugrelated 22 {36 %) 11 {31 %) 085
Adverse Event®
Wi a severs drug-reiated Adverss Event” 12%) 13%) 0es
With a serious Adverse Event 0 (0%) 0 (0%} ND
With an Adverse Event resuiting In 1(2%) 12%) ND
discontinuation of study treatment
With a drug-retatad Adverse Event * 28 (48 %) 14 (40 %) 0.57
occurting within the first 2 hours after dose
administration
With a moderate or severe drug-related 22 {38 %) 10 (29 %) 0.45
Adverse Event'occurring within the first 2
hours after dose administration
With a savere drug-related Adverse Event® 1(2%) 1(3 %) 0.69

occurring within the first 2 hours after dose
administration

AEs Related to NAC. The following sponsor Table 10.2.1.2 displays the
proportion of patients who AEs related to the administration of i.v. NAC.

As seen, almost 50% in each group had AEs related to the NAC

administration. Anaphylactoid reactions were the most drug-related AEs.
In many instances, the i.v. NAC infusion had to be interrupted to attend to
the drug-related AEs. These AEs occurred in 10 of the 96 patients.
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Table 10.2.1.2 Drug-Related On-Study Adverse Events Occurrence

NUMBER (%) OF PATIENTS* WITH ADVERSE EVENTS DEEMED TO BE DRUG-RELATED
WITHIN THE FIRST 2 HOURS FOLLOWING DOSE ADMINISTRATION

TREATMENT
NUMBER OF PATIENTS

15-min
w6l

60-tnin
=35

Number of patienty with oae or maro Adverse Events

2
deemed to be Deug-related’ within the firt 2 howrs {45 % of patienty in 15-min group)

following comtmencement of study treatment

1
{46 % of patiexty in 80-min group)

Body 23 a Whole

LS {54%)

T(0%)

Angplrriacioid reaction

Chest pain

Pharyngltis

Laryngiemus (throat tightness)

Rash
Prritus
Specisl Senses

Tabular Listing of AEs related to Intravenous NAC Provided by the Rocky

Mountain Poison Center (RMPC) in Denver, CO. The next Table 1,
provided to the sponsor by the RMPC, illustrates the proportion of APAP
OD patients who developed NAC-related AEs, in controlled and

Page 40




Clinical Review Section

uncontrolled studies. The RMPC notes that it excluded historical
information considered inadequate. The final list, shown in the table,
displays data of 427 AEs which occurred in 254 (12%) of 1040 patients.
Overall, anaphylacoid reactions were the most frequent reported AE.

Table 1: Adverse Events by %ﬂuﬂﬂuﬂon S,
Body Systan Ocoumvences ma with Bately Monitoring
Classification Occurrences {2040y )

s A &
23% 0.05%
Aliorgic Reacfion ; g 2% 1%
WM 2 oA o 1o
Edema - General 1 023% 0.06%
Fever 3 070% 0.15%
msum A W,, Foio °~°°"1 s
Vasodiatation & Rash 0 ;ﬁ %
Rash. & Pruitus oS
Ve odiaaton with Prrtee 3 0.70% 0.15%
Candovescular System
3 0.70% 0.15%
Hpotension. ' 16 375% 0.T8%
infarct 4 0.84% 020%
Paipaons & Chest Pain 1 0.23% 0.05%
Syncope 3 3.04% 0.64%
Tachycandia 3 070% 0.15%
Thrombosis 1 0.23% 0.05%
S . e
Dyspepsia 5 147% 0.24%
Nausea Pey 10.07% 211%
ek Waioral Disorders - 250 Q1%
- 2 4me -y
Abnormal Thinking (Dysphoria) [ 1.57% 0.39%
: 1.47% 0.24%
Qe Cibatcs : o ok
Taste Perversion — Metatiic Teste 3 0.70% 0.15%
TRespiratory System
resvuy 1 023% 0.05%
Asthma- bronchial 1 0.23% 0.05%
Bronchospasm = 5.85% - 1.2%
Coughing 18 422% 0.88%
% 11 2.55% 0.54%
s 7.19% 1.52%
R e Pl o | R
5 X
Patnas Exythama 6 141% 0.20%
Pruths s 1.17% 0.24%
Prurttus & Rash 7 1.54% 0.54%
Rash x 4.92% 3.00%
e £ e o
- 4 0.06%
Pain - 1 250% - 0.5¢%
§C o — Az 00% —_200%
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D. Adequacy of Safety Testing

The safety data from the IA of Study CM8801, the only prospectively
monitored data, includes only >20% of the planned patient population.
Further, the safety data included in the historical publications lacks
objective documentation to corroborate the reported findings (as is the
case with the efficacy data).

E. Summary of Critical Safety Findings and Limitations of Data

Any proposed label for the use of intravenous NAC should include two
PRECAUTIONS.. (a) serious anaphylactoid reactions may occur with
administration of NAC by the parenteral route. Patients who have a
medical history of asthma, allergic skin reactions should not be given the
antidote, or be given by the oral route (b) NAC intravenous treatment
should not exceed the recommended doses. A few deaths have been
reported with doses exceeding the reported recommended limits.

VIll. Dosing, Regimen, and Administration Issues

IX.

This is perhaps the most deficient element of the submission. Only one of the six
submitted primary studies (IA of CM8801) had the totality of the i.v. NAC dosing
phases proposed in the label, i.e., ———* 150 mg/k loading dose, followed by
4 h 50 mg/k infusion, followed by 16 h 100 mg/k continuous infusion.
Lamentably, the |A includes only 20% of prospectively planned patient
population, the design was not aimed to demonstrate efficacy, there were only 11
patients eligible to assess efficacy in the IA at the proposed dosing regimen, and
the efficacy results show no difference with a comparable dosing regimen.

Use in Special Populations

A Evaluation of Sponsor's Gender Effects Analyses and Adequacy of
Investigation

The sponsor did not include data on special populations (Section 53, Vol.
11)

B. Evaluation of Evidence for Age, Race, or Ethnicity Effects on Safety
or Efficacy

The sponsor did not include data on special populations (Section 53, Vol.
11)

C. Evaluation of Pediatric Program
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The relevant issues of the provided pediatric information are the following:

The sponsor states that -

—" The sponsor made reference to two publicafions. One of
them is the previously described study by Perry in 25 adolescents.
The other included 3 patients .

There were 15 deaths among 104 pediatric patients reported in the
literature associated with the use of i.v.NAC. One infant died 3 hours
after birth; the mother had been treated with i.v. NAC before and,
apparently, during delivery, for APAP OD. There were 10 deaths in
premature infants. The majority of these premature infants had serious
concomitant diseases. One child died from what the sponsor
described as an excessive i.v. NAC dose. During the infusion, the
child became cyanotic and never recovered from circulatory collapse.

There were two pediatric cases of seizure associated with the
administration of i.v. NAC for APAP OD.

AEs with i.v. NAC reported in pediatric patients are similar to those
described in the adult population. Anaphylactoid reactions, sometimes
severe, are the most frequent AEs (bronchospasm, asthma
excacerbation, urticaria).

I. Reviewer Comments.

Administration of i.v. NAC in some pediatric populations appear to be associated
with serious AEs (almost 15% mortality). Given the scarcity of efficacy data
provided by the sponsor in pediatric populations <12 y, there should be great
caution in administering i.v. NAC in this pediatric group.

Comments on Data Available or Needed in Other Populations

There is a need to have efficacy and safety data on i.v. NAC in patients
with APAP OD who have ethanol-induced cirrhosis. Efficacy and safety
data are also needed in the geriatric population.

Conclusions and Recommendations

A

Conclusions
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Only 3 of the 6 Primary Studies submitted by the sponsor were designed
to show evidence of efficacy with the use i.v. NAC as antidote to prevent
hepatic failure from APAP OD. The Prescott (Study 5), was perhaps the
best of the submitted studies for it included more than 25 patients in each
amm, there were comparisons to active-active controls and to supportive
treatment. The study revealed that among APAP OD patients treated with
i.v. NAC after 10 h from the OD there was a 53% of hepatic failure (mean
serum ALT >3000 iU, serum bilirubin 3.4 mg/dl). This very high proportion
of hepatic failure was not different from the 58% of hepatic failure
observed in control patients treated with supportive treatments (serum
ALT >2000, serum bilirubin 3.3 mg/dl). This study appears to suggesta
narrow therapeutic range of the i.v. NAC. The other two Primary Studies
revealed some efficacy as compared to oral NAC historical data. None of
the patients enrolled in the Primary Studies received the i.v. NAC dosing
regimen proposed in the label. The lack of substantial evidence of
- effectiveness based on adequate and well-controlled studies plus the
potential of anaphylactoid AEs, sometimes severe, does not provide an
acceptable risk benefit ratio for i.v. NAC approval.

Recommendations

In view of the lack of adequate and well-controlled studies showing
substantial evidence of effectiveness with the proposed i.v. NAC dosing
regimen, and the rather high risk/benefit ratio, | do not recommend
approval of the proposed i.v. NAC dosing regimen for the prevention of
hepatic failure in APAP OD.

| recommend to convey the following to the sponsor:

1.

3. Address the CMC and microbiological deficiencies.
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