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OEC 31 1985

NOA 15-859

Jetfrey Staffa, Pn.D.
Virates, inc.

3 10 Hyland Avenue

Ce.oa Mesa, Callfornia 92626

Gear Dr. Steffa:

Please refar to your New Drug Application gated September Zi, 1537 submlitted
pursuant 1tc secticn 50%(0) of tne Federal foocd, Druj and Coswmotic Act for
Virazoia (rivavirin, Agrosol.

We acknowiedge recelpt of your Decemder 17, 1585 sudbmisslion thzt includes your
ajresmant to conduct tho post-merketing studles deilnezted In cur Dscemver 16,
1585 letter and your assurance that lots BY-VR-i and BV~VR=-2 will nct be
distributed,

We heve completed our review of this appllication 8s amended &nd nevs cchcluadel
That adequate information nas been presented to demonstrate That tne druj s
sate &nd effective for usa 25 recommonded In the final printco ladcling
Included in the submission dated ([ecomder 23, 1405, Accordlingly, thne
application Is approved.

Pleasc subait onc market package of the ¢rug when avallable.

ve remind you that you must comply with the requirements set forth under 21
CFR 314.30 and 214.E1 tor an approvac NOA,

Sincerely yours,

cc: SAN=DO Eipine C, Esber, H.O.

. - Director
S?AEéZNDA 16~859 Office of Bicloglcs Rosearch and Reviews

HFiN=710 Center for ODrugs and Bio!oglés

HFN=-220
HFN-800/ JMinor
%%?1:815
N-8315/1%
HFN=815/PHARKM
HFN=815/CHEM
HFN=815/JKiignt/12/24/85/tcd/12/26/85
R/D Init. by: GRStanley tvor ETabor/12/31/85
F/T: 12/31/85
0216y

APPROVAL







SUMMARY OF BASIS OF APPROVAL

DA 18-859 Drug Generic Name:
Ribavirin

Applicant:

Viratek Drug Trade ilame:

Costa Mesa, CA 92626 Virazole Aerosol

I. Indicatiaons and Usage:

Ribavirin aerosol is indicated in the treatment of carefully
salected huspitalized infants and young children with severe lower
respiratory tract infections due to respiratory syncytial virus
(RSV). In two placebo~controlled trials in infants hospitalized
with RSV lower respiratory tract infection, ribavirin aerosol
treatment had a therapeutic effect, as judged by the reducticn by
treatment day 3 of severity of clinical manifestatinns of disease.
Virus titers in respiratory secreticns were also sigrificantly
reduced with ribavirin in one of these studies.

CUnly severe RSV lower respiratory tract infection is to be treated
with ripavirin aerosol. The vast majority of infants and children
with RSV infection have no lower respiratory tract disease or have
disease that

ie mild, self-limited, and does not requirte hospitalization or
antiviral treatment. Many children with mild lower respiratory
tract involvement will require shorter hospitalization than would
be required for a full course of ribavirin aercsol (3 to 7 days)
and should nat be treated with the drug. Thus the decisinn to
treat with ribavirin aeroscl should be based on the severity of the
RSV infection.

The presence of an underlying »~ Hition such as prematurity or
cardiopulmonary disease mav . ~ase the severity of the infection
and its risk to the patient gh risk infants and young children
with these underlying condi.. s may benefit from ribavirin
trecatment, although efficacy has been evaluated in only a small
nunber of such patients.

Ribavirin aerosol treatment must be accompanied by and does not
replace standard supportive respiratory and fluid wmanagemen™ for
infants and children with severe respiratory tract infection.
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Desage Form, Route of Adninistration and Recomnended Losace:

Tubilized with
inhalation and
! Particle Aerosol

Virazole is supplied as lyophilized drug to be so
sterile water for injection or sterile water fur
administered as an aerosol using the Viratek Spnal
Generator (SPAG), Model SPAG-Z.

Treathent is carried out for 12-18 nhours pe y +or at least 3 and
no more than 7 days, and is psart of a total trestent pro 1 '
avrosul 1s delivered to an infant oxygen hood from Lhe SPAG-2
aerosol generstor. Administraticon by f: e mask or oxvgen tent nay
bLe necessary if a hood cannot be employed. however, the volume of
distribution and cordensation area arc larger 1n a tent and
efficacy ot this method of administering the drug has been
evaluated in only & small nunber of patients. Ribavirin uerosol is
not to be adninistered witn any other acruscl generating device orv
together with other aerosolized medications. Ribavirin aeroscl
should not be used for patients requiring sinultanesus assisted
ventilation.

Six grams of lyophilized drug are sclubilized witn sterile water
for injection or sterile water for inhalation to a final volume of
300 ml (drug cencentration ZU mg/ml). Using this drug
concentration as the starting solution in the drug reservoir of the
SPAG-2 unit, the avelage aerosol concentration for a l2-hwur pericd
is 190 micrograms/

liter of air.

Manufacturing and Controls:

Manufacturing and controls, stability, methods validation,
labeling, inspections and environmental impact evaluation confarm
to all federal regulations.

Pharmacology:

Ribavirin, a synthetic nucleoside aralog, is active in vitro
against a number of virusrs, including KSV. This activity is
thought to be related to the effects of its phoschorylated
derivatives (formed intracellularly) upos enzyies involved in
nucleic acid synthesis (ripavirin o'-nhosphate inhibits IMP
dehydrogenase; ribavirin triphosphate inhibits RNA polymerase and
guanylyl transferase).

The acute oral LDy of ribavirin is reported to be 2 g/kg in the
mouse and 4-5 g/ky in the rat. However, in a subacute study, a
daily oral dose of 80 mg/kg was lethal to rats, 3U% of *he animals
succunbing after 3-4 weeks of treatment.
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Ancrala was the most commen ribavivin toxicity in oral animal
studies; it occurred in all species tested. Bone marrow findings
ranged frum erythroid depression to marrow atrophy. Notmochromic
macrocytic anemia (accompanied by thrombocytosis at the higher
doses) was gbserved in parenterally-treated rhesus monkeys. Uther
drug-related toxicity included enteropathy (dog, rhesus monkey),
myocarditis (rat), lymproid atrophy (rat, rhesus monkey), and liver
toxicity (iat, squirrel monkey).

Inhalatinn toxicity studies were perfommed in adult rats, mice, and
squirrel monkeys. In rats, ribavirin aerosol exposure (12 hours/
day) resulted in a hign mortality rate at dose levels abeve 72
ing/kg/day. Lung histopathology included alveolar edema and
hemorchage, as well as hypertrophy and hyperplasia of alveolar
cells. Also, at all dose levels, there was increased accumulation
of fcam cells in the alveoli. Other pathology in ribavirin
aerosol-treated rats includen inflammation of the myocardium and
eplcardium, often associlated with myocardial necrosis and
interstitial edema. No lung lesions related to drug treatment were
observed in mice exposed to ribavirin aerosol 12 iours daily for

28 days at 30 mg/kg. At higher dose levels, all mice died within
the first week or two of treatment. Although there was no
drug-related lung pathology, systemic lesions resembled those in
other animal studies (e.g. enteropathy, bone marrow
hypocellularity); multifocal mineralization of the heart was found
at all dosage levels. In squirrel monkeys, 4 days of continuous
exposure at 40 mg/kg/day, resulted in no pulmonary pathology, hut
there was centrilobular fatty change in the livers.

The effect of ribavirin aerosol on the developing lung in animals
has not been fully evaluated. A4 study in newborn ferrets revealed
the difficulty .n the design of such a study. The results,
although inconclusive, suggest that ribavirin inbalation can lead
to inflammatory, procliferative, and emphysematous changes in the
lungs of these animals. The manufacturer has made a commitment to
conduct anather study of this type in a different species in the
near future.

Ribavirin has shown evidence of teratogenic and/or embryocidal
activity in nearly all species in which it has been tested.
Teratogenicity was evident after a sirjle oral dose of 2.5 mg/kg in
the hamster and after daily oral doses of 10 mg/kg in the rat.
Malformations cr skull, palate, eye, jaw, skeleton, and
gastrointestinal tract were noted in sirious animal studies.
Survival of fetuses and neonates was redoced.  The drua was
enbryolethal in rabbits at daily oral dosc 'ovels as low as 1 mg/kg.

Ribavirin produced testicular lesions (tubuler atrochy) in adult
rats treated long term at o .1 Jdose levels os low as 16 ng/kg/day
(lower doses were not tested). he fertility of ribavirin-treated
animals (male or female) hu< 1 © ceer: investi.ated.
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Ribavirin has been shown to be mutagenic to mouse lymphona (L5178Y)
cells in culture. Iowever, results of microbial mutagenicity
assays and a duminant lethal assay (mouse) were negative.

Ribavirin induces cell transformation in an in vitro mammalian
system (Balb/C 313 cell line). Incomplete results of
carcinogenicity studies suggest that chronic feeding of ribavirin
to rats (Le-60 mg/kg body weight daily) can induce benign mamnaty,
pancreatic, pituitary and adrenal tunors.

Medical:

A. Clinical Studies, Cfficacy:

1. A placebu-controlled, randomized, double-blind
conducted Ly Taber e: al. at Baylor University
1981-82 demonstrated efficacy in infants with
bronchiclitis due to RSV infection (Pediatrics 1983;
72:613). Infants included in the study had been born at
full term, had no underlying cardiac or pulmonary
disease, and had positive KRSV cultures from nasal
secretions. Twelve infants (aM, 8F) were included in the
ribavirin aroup and 14 (1M, 4F) in the placebo group.
The mean age of patients in the ribavirin yroup was 3.9
3.3 (S.D.) months and that in the placebo group was 3.7
2.9 (S.0.) months. The average duration of illness prior
to admission in the ribavirin and placebo groups was 35.2
houcs and 50.4 ' aurs, and the average time from adinission
to starting trewcment was 9.1 hours and 8.9 hours.
Ribavirin or the placebo saline sclution was administered
as an aerosol at the rate of 12.5 L/min for about 12
hour/day beginning within three days of onset of the
bronchiolitis. The initial concentration of ribavirin in
the aerosolizer solution was 20 mg/ml. The average
duration of treatment was 79.1 hours in ihe ribavirin
greup and 76.0 hours in the placebo group.

[
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was based on a daily clinical summary of tne severity of
1llness as assessed on a scale of 0 to 3+ (0 = normal,
3+ = nost severe). At baseline, the mean broncniclitis
score was 2.0 in both the ribavirin and placebo groups.
By tne third treatment dey, the bronchiolitis score was
significantly lower in the tibavirin-treated patients
(0.6 vs 1.3, P = .044, Wilcoxon rank sum tesi, two
tailed; see Table 1).

fnere were no statistically significant diftferences
between the ribavirin and placebo dgroups with respect to
length of treatment, time frum onset to discharge and
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time from end of treatment to discharge. The mean RSV
titers in nasal wash specimens (logyg, half tne tissue
culture infectious doses per milliiliter of original nusal
wash or TCIDg,/ml) in the ribavirin and conttol groups
were 3.0 and 2.6 at day O and were 0.9 and 1.0 at day 3
(differences not statiscically signiticant).

<. Hall et al. conducted a randonized, double-blind,
placebo—controlled study that demonstrated the effi .cacy
of ribavirin in the treatment of infants with lower
respiratory tract infectlion due to RSV at the University
of Rochester in 1982-83 (New Engl. J. Med. 1983; 308:
1442). This study will be referred to as the Hall 1
study. The study includeu 16 infants in the ribhavirin
group (13M, 3F) and 17 in the placebo group (84, 97).
Infants admitted to the study had lower respiratnry tract
infection proven to be caused by RSV (by immuno-
fluorescent-antibody testing and viral isolation), and
they were judged ill enough to require at least three
days of nospitalization. Infants with significant
underlying disease were excluded.

The median age of patients in the ribavirin group vas 13
weeks and in the placebo group was 10 weeks. Premature
infants were not excluded. Tne mean duration of illness
prior to admission in the ribavirin group and in the
placebo group was 2.9 days and 3.2 days, Trespectively,
and the mean duration time from admissicn to starting
treatment was 1.6 days and 1.4 days.

Ribavirin solution (20 mg/mi) or weter was administered
as an aeroscl at the rate of 12.5 L/nin into an infant
oxygen hood, tent, or the inhalatlon tubing of a
ventilator. AReropsolizatio:n was contirwed for an average
of 20 hours per day and for a minimum of three days. The
average duration of treatmert was 4.9 days in tne
ribavirin group and 4.7 days in the placebo gioup.

Efficacy was assessed by a deily rating of the severity
of the illpess and the child's general status (illness
severity score) on a scale from O(normal) to 4+(most
severe). On admission, the illness severity score was 3.1
in the ribavirin group and 2.8 in the placebo group. By
treatment day three, the severity sccre was 0.9 in the
ribavirin group and 2.1 in the placebo group (see Table
1), which is a statistically significant difference at

P less than 0.0l using the Manin-¥hitney U test and
Student's t-test.
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The results of viral cultures of nasal-wash specimens
taken after aerosol therapy had been interrupted for
periods of 1 to 3 hours are alse shown in lable 1. Tne
amaunc of virus detected in the wasnings of patients
treated with ribavirin was significantly less than that
from patients in the placebo group by the third treatment
day. The average nunber of days of RSV shedding from the
start of therapy was 2.9 days in the ribavircin group ang
4.5 days in the placeco group (F less than 0.003 by
Student's t-test o | Mann-iinitney U test).

3. Hall et al conducted a randomized, doutle-blindg,
placebo—controlled study of ribavivin in infants with
cIuven lower respiratory tract infection due tu RSV in
1982-84. Tnis study will be referred to as the Hall 11
study. It was publisned with a somewhat larger data base
as a report in the Journal of the Anerican Medical
Association (19855 254:3047). Ihe study as reported in
the WUA included 12 infants in the ribavirin group and 1U
in the placebo grou:. Tne study desinn was similar to
the Hall I study except that patients with broncho-
pulinonary dysplasia and/or congenital neart disease were
not excluded and about half the patients admitted were in
this category. The mean age of the infants was about 15
weeks, and the meen duraticn of illness prior fo
treatment was approximately five days i both the
ribavirin and placebo groups.

Ribavirin and placebo (water) aerosols were administerad
as in the previous study. Clinical efficacy was assessed
Oy a daily rating of tne overall severity of the illness
on a scale from 0 (normal) to 10 (most severe). At the
time treatment was started, the mean illness severity
score was 6.1 in the ribavirin group and 4.5 in the
placebo group (P = .067). At the end of treatment (about
5 days), the severity scores were 3.0 and 3.3 in the
ribavirin and placebo groups. Although the incremental
improvenent over the treatment period was significantly
greater for ribavirin (3.0 vs 1.2, P = (.007), little
welght is given to these resultes in support of efficacy
because of the disparity in the severity scores between
the two groups at baseline.

The results of viral cultures of na-al-wash specilmens
support the conclusion that ribavii.on decreases virus
shedding in these patients (see Table 1). Tnhe amount of
virus detected in specimens from patients in the
ribavirin group was significantly less than that from
patients in the placebe group at days 4 and 5.




Page 7 - WDA 18-859

[t 38

Additinnal support for the efficacy af ribavirin for ROy
infection is oravided by the results of a randomized,
duuble-blind, placebo~ontrolled study conducted by Hall
et al., in experimentally infected adult volunteers (JAMA
1983; 249:2666). Sixteen healthy adults (13M, 3F) —
Between the ages of 20 and 30 years received 5 log)
TClDsg of RSV intranasally. They were randomly

assigned to receilve either ribavirin or placebo (water)
aarusol starting 2 days after the RSV inncculation and
continuing for 3 days, 12 hours dally. Tne aerosol was
administered at a rate of 12.5 L/min through a face mask
and the concentration of ribavirin in the liguid
reservair was 20 mg/ml.

Clinical effects assessed were minor symptams, systemic
symptoms, and fever. Subjects were examined twice daily
and were questioned for signs or symptoms of respiratory
illness or systemic conplaints, which were graded 1+ to
3+ accoroding to severity. Minor symptoms included
rhinitis, sore throat, lymphadenopathy, and sneezing,
while systenic symptoms included general myalgia,
malaise, anorexia, nausea, or synmptoms of tracheo-
bronchitis. PRoints were assigned by giving minor
symptoms the same rating as the severity grading (1, 2 or
Z) while systemic synptoms were rated as 2 points for l+,
4 points for 2+, and 6 points Tor Z+ severity. dJral
temperatures were measdred tnree times rally.
Temperatures in the 37.5 to 37.7°C range were rated as

3 points, those in the 37.8 to 339C range as 5 points,
and temperatures above 38.19C as 7 points.

Seven subjects in the placebo group and 6 in the
ribavirin group were shown to be infected with RSV by
detection of virsl shedding in the nasal wash. Twelve of
the 13 infected subjiects manifested signs or symptoms of
upper respiratory tract illness. The results of the
clinical evaluation are shown in Table 2. The average
score for minor symptoms was higher in the ribavirin-
treated group although the difference was not
statistically signiticant. However, the average scores
for systemic symptoms and for fever were significantly
lower in the ribavirin group, thus suggesting that the
drug lessened the more severe manifestations of
experimentally-induced RSV infection.
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Clinical Studies, Safety

A total of 220 infants and children received ribavirin aerosol
tnerapy, which included 1G9 in clinical studies and 211
"compassionate™ Lreatment casss.  Lighiy-four adults also
received ribavirin aeroseol: 61 in clinical studies of
influencza, 20 in tolerance studiss =mong htqlth, and pulmonary-
compromised volunteers, and 3 as “compassionatre" treatment cases
witn severe influenza nfections.

Ribavirin aerosol was generally well-tolerated in patients with
Te assist

no underlying lung disease who did not reguire istet
ventilation. Aong the 109 patients who teceived ribavirin
aerosol and the 93 control patients in the pediatric clinical
studies, the Incidence of vomiting and diarrhea was similar in
both groups (7-13%). Cvanotic episcde. were reported inm 3
ribavirin-treated ana in 7 control patients, and 2 patients in
cach group were reported Lo hﬂvr hed apneic episodes
Conjunctivitis was rzporved in ribavirin-treated andg 2 control
patients, while more cases of Jkln rash vere reported in the
control patients (1 vs lU). There were 10 deaths anmong the
pediatric patients in clinical studies.
Although anemia was not reported with use of ribaviris aerosol,
it occurs freguently with oral and intravencus ribavirin, and
most infants treated with the aerosol were not evaluated 1 to 2

weeks post-treatment when anemia 1s more likely to cecur.
Reticulocytosis was reported infreqguently with the aerosol.

Several serious adverse events occurred in severely 111 infants
with life-tihreatening underlying diseases, many of whoi required
assisted ventilation. Most of tnese patients were
"compassionate" treatment cases, and the role of ribavirin
aerosul is indeterminate. PFulmanary events included woTsening
of respiratory status, bacterial preumonia, pneunothorax, apnea,
and ventilator dependence. Cardiovascular events included
cardiac arrest, hypotension, and digitalis toxicity.

Some subjects reguliring assisted ventilation have experienced
serious difficulties that may jeopardize adequate ventilotion
and gas exchange. FPrecipitation of druyg witnhin the ventilato oy
apparatus, including the endotracheal tube, has resulted in
increased positive end expiratory pressure and increased
positive inspiratory pressure. Accunulation of fluid in tubing
("rain out") has also been noted. The labeling contairs a hoxer
warning at the beginning of the labeling with the tonlloving
statement in boldface type:
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RIBAVIRIN ACRUSUL SHOULD HOT 8L USED FOR INFANIS
REQUIRING ASSISTED VEWTILATION BECAUSE PRECIPITATION
OF THE ORUG IN THE RESPIRATURY EQUIPMENT MAY INTLRFLRL
WITH SAFE AND £FFECTIVE VENTILATION OF THE PATIENT.

Twenty-two deaths occurred among the 211 pediatric,
"compassionate" Lreatment cases; 13 occurred during ribavirin
treatment and 9 occurred within 2 to 18 days after ribavirin
was discontinued. ALl but cne of the deaths uvccurred in
patients with significant underlying disease. Une of the
deaths was considered possibly-related te ribavirin., A
four-manth old male infant with pulmonary stenosis and a
Waterston shunt was diagnosed as having RSV pneumonia. The
patient was on a respirator and within one hour of ribavirin
aerosol treatnent, he was wheezing, cyanotic, and had mottled
skin. Ribavirin crystals were noted in the endotracheal
~ube. Wheezing was unresponsive to bro chodilators. After 10
hours, ribavirin was discontinued and within one hour the
patient's wheezing improved. Five days after ribavirin was
discontinued, the patient died with multiple organ system
failure (CNS dysfunction secendary to renal and hepatic
tailure, deterviorating cardiopulmonary function).

Pulmonary function significantly detericrated during ribavirin
aerosol treatment in 6 of 6 adults with chronic obstructive
lung disease and in 4 of 6 asthmatic adults. Uyspnea and
chest soreness were also reported in the latter group. Minor
abnormalities in pulmonary fumction were also seen in healtiy
adult volunteers.

Fost-Marketing Surveillance, Phase IV Studies

In addition to the usual monitoring of spontaneous reports from the
field, the following will be conducted:

Follow=up pulmonary function testing at age 4-6 years of
patients who received ribavirin or placebo aevosol in infancy;

Ubservation for in vitro and in vivo drug interactions between
ribavirin and treguently used concomitant medications such as
antibiotics, digitalis, or bronchodilators;

Monitoring for the development of ribavirin-resistant strains
of RSV;

A study of personnel caring for recipients (and/or those
exposed in its manufacture), in which blood will Le assayed
for ribavivin during and after exposure to the aerosol;



Fage 1u - DA

fH.

18-359

Two oral (gavage) carcinogenicity studies (rat and muouse};

An inhalation study in rats that will provige tor subunronic
exposure witn long-term follow-up for carcinogenicity (Tiis
study o1 a separate study should incluge an evalual lun of
toxicity in fetal or newborn animals including, but not
limiteu to, assessment of effects of inhaled ribsvirin on the
developing lung and gonads.);

A study in animals to clavity dring disposition, :
clearance as well as systemic exposure (Slood and urine
levels, following inhalation; and

A study or studies tu define ribavicin's inbalation
phamaascokinetics in th2 intended paticent populaticn.

Approved Packane insert

The cppioved package insert [s attacnod,
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Table 2

Average Symptom Score of Subjects Treated With Placebo
versus Subjects treated with Ribavirin*

Average Score

Placebo-1reated Group Ribavirin-Treated Group ,

(N=7) (N = 6) i

-‘Minor symptons : 6.2 . 9.6 EN)
Systemic symptoms 2.9 u.5 L0l
Fever 4.4 0.8 LUl

¥ -~ Hall et al. JAMA 1983; 249:2666
** o Wilcoxon's rank test
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(Ribavirin
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PRESCRIBING INFORMATION

" WARNING:

RIBAVIRIN  AEROSOL. SHOULD
NOT BE USE) FOR INFANTS RE.

UIRING ASSSTED VENTILATION
BECAUSE PRECIPITATION OF THE
DRUG  IN THE RESPIRATORY
EQUIPMENT  mAY INTERFERE
WITH SAFE AMD FFFECTIVE VE
THAVIONOF THEPA FTENT. Consdi-
tons tot sale use with o venulator are
sull o developnent.

Deterwination of respiratony tunctron
bt Deen assonpated mllh rihav i use m
wante, and e oadudls wih cdhirone
obnttucttve lung disease or asthiing Res
ptatorny fus on should be carctully
montoted durmy trearment Homite
mon ol nbaann actosol teatment aje-
peary o produce sudden detenaration
ol tespitaton funhion ttegtinenl
shoald be stopped and tenstituted oniy
with extreme caution and connuous
nalbionmg

Although tihavrin s not imdicated i
Poadulie the plissioan shoald e aware
i il ot s teratogetine o aniiaby e
|

CONTRAINDICATIONS).

i

i

DESCRIPTION:

Vinzobe® (obaviany Aetosolan anusirgd
dring v asterde, hophilized powder 1o be
reconstituted tor actosol wdmingstranon
Fach 100 mi plass vial contons 6 grams ol
ribavitin, and when reconsututed o the e
commended volume of 300 mt withi stenle
waten for injecion o stenile waier fog TR
Lation (o preservatives addedi will contan
20 el tbav i, pH wpprosimatels 55
Actonobization is to be catned outin w SPAG-
2 nebulizer ondy

Ribavizn s Dbeta-Deviboturanos b 124
tiazole-dombosannde. with the tollowiny
structural formoty
Ritrgssrist, a0 sy othete e
leosde, w0 stable. winte,
crvstathne um\:“)nnd with a
s o solabibioy i watey
ol 142 mgaml at 25°C and
with only a sdgzht solubidas
P cthanol ‘.l.'\l' t-l_nénnml fior -

! mata s Gl NGO, and the
molernlas weighy sy 24422
Daltons

CLINICAL PHARMACOLOGY:
Antiviral effects;

Ribavirin hay antsiral inhibitorn aetivag
m vitho Jg."l\\. IK'\PHIIUII\ \\”(\U.ll ARLIATAN
withienza vinus, and herpes siples v
Ribavinin s absoanin e AUANSTTESTAlOTY AV
ostial virus i.’l{.\)\‘) nexpertmenalh mledted
wotlon ity

i cel! cultures the ibabaitory actvas of
phavinn tor RSV selevine The
miechanim ol acton s unknown Reversal
of the netra anuynal actin ity by guanosue
o santhosiie saggests trhavinm s act s
an analogue of these celfulas metabolites,

Inununologic effects:

Neuttaliang antibody respanses RSV
were  decreased  in nbavinn oeated
compared 1o placebo teated infaones I he
climcal sigrnilicance of this obseovation s un
Snown. i otats, nbavinm resabied me fvne

phmd Mvnph\ of thvmus apleen, and hmph
nodes  Humoral immunisy was teduced in
guimea pigs and {errers Cetlular unmuniy
was also mildhy depressed manntigl vudies.
Microbiology:

Several chinwal solates of RSV were
evaluated  for nhavinn suscepubibis by
plajue teducuon o nssue culivre, Plagues
were Teduced 854985 by Topwal hawever
haque reductrn vanies with the test systent
the chimical sigathicance of these daa s une
hnown.

Pharmacokinetics:

Asaay for tthaviomoan himan matetials
by rudionmmunoassay which detecs nibave
i and an deast one metabolite

Ribavian admamistered by aeiosol s ah
sorhed svstermcatly Four pedutne patiens
iwhahmg nbavinm aerosol adminsiered by
face niask (ot 29 hours cach das tor 3 dass
had plasing concentranons ranging {rom
0430 15 M owitha mean concenttaion
ot 070 uM o e shisna hall-hite was
reporied to e % hours Phiee pediattn
patieuts inhialimg shavinn aerosol admms.
tered by face sk o st tent for Y0 Lo
cach day tor 5 duss ad plasia coneentia
tons tanging brom 150 143 uMowith o
miean comncentration of 6% MM

1 s Wikeby that the concentoaton at tibasy
TIN D respitaiey et secrebions s sugh
bigher than plastia concentiations inoview
ol the toute ol adnmimnranon

The tioavastataliy of tibasiin aerosol s
unknown and may depend oo the niede of
avtosol defivery. Al acrosol treatment,
peuk ploiig conceniations are leas thurs the
concettration that veduced KRSV §'l‘“3“° fon
mahion in tsstie cultute by 85 10 9%% Afler
actosal treatinent. l{'\plr;lln'\ Trael secpe-
tons are hkels to contun rihavinn m eon
centrations many fold lghet than tiose
tequised o teduce plaque fotmauon How.
ever, RSV s anintracellulat sirus and serum
caticenitidations mas leter reflecnintracetiu.
lai concentrations e the respiratony tracy
than tesprratorny secretion cofeentrations

I mman, tats, and thesus monkevs, ac
cumadapon of pluvg and arometabobites
mothe red blood cells has been roted,
phateaning mored cells inoman i about 4
davs and wradually dedunung wahoan appa
rent hatt-dife of 40 dasvs The extent of e
cutiulanion of nhavnin lollowing nhalaton
therapy as not well dedined

INUICATIONS AND USAGE:

Ribavitin gerosol s indicated in the teat
ment of carefulhy seleqred hus’m.«h/ml -
fants and voung children with severe lower
respiratory tract infecuons doe 1o respiratc-
ary ssnevtialvirus GRSV fovwn placetsicon-
trotled tals in mtant hosprtahized with RSV
lower respiratory tract infection, tibavinn
gerosol eaument had a therapeunc etfea,

s qudged by the reductoa by treatment dans

Fof severity of <hmcat manifestations of dis-
Cdnt 4 Vitus ters m TESPITatar st fenOs
were also sigahicanthy reduced with nibavinn
w one of these studies

Only severe RSV Jower respiratony trac
wlection 1y o be teated with nbavinn
actosol The vastmajonts of intants and chl-
drea with RSV infecnon have noower 1es
priatorns tud disease o have divease that i
mudd, sett-linted . and does nat require hos-
pralization or antsnal teatinent Mam Il
dien with mild Jowes respuatary tiact -
volvement will require shotter hospitaliza-
ton than would be required tor a (ul‘ Course
of tihavitin acrosol (30 7 davar and should
not be treated with the drug Thus the dea
ston to teal with nbavnin aerosol should be
based on the sevenity of the RSV mtecuon

Fhe preschce of an anderiving condition
st las premaginiey o cardiopaltiionat v dis-
cave may inctease the severity of the imfec-
non and s rsk 10 the paverc Bagh sk
intants and voung caldren with these un
detlyuiy s onduons may benetit from nbavy
tn negiment, afthiough efficacy has been
evaluated 1 ouly a stnall number of such
paticnds

Ribavini aetosol teatnent must be ac
companied by and doe notrephace standand
AUPpROTHVE tespitatory aned Duwd manage
ment tor uibants and Caddien wuh sesere
teviaraton tact infedion
Diagnosis:

RSV intecton should be documented by
4 tapid diagnosie methoed such as demon
stration af vical antigen i respiraiony trad
Red petiols h\ ll"“'\lﬂil”\ullf\l [N (311
ELISA" belore o dunng the firse 24 hawrs
ot treatment Ribavinm aerosol s midicated
only for lowey vesprtatony act mifecton dae
W RSV Trentment may be intated whinke
awatting ttgnd digznostic test results: Howe
ever, tratment should oo be conunued
without dotumentation of RSV fecton
CONTRAINDICATIONS;

Ribavain s contrandu ated i women m
g!l(s whiey ate e rran lmunn-ku‘gn.ml dur
iy z'\“msun- to the drug thatinm may
carse Tetad hanmn and teshigton ST YL
witus afection soseltimated o thas popila-
ten Ribavnin oy not completely deared
from human blood even four weeks atrer
adnmistiaton, Although there aire no pert
e huntan data, fhavinin has been found
1o be terarogenic and/oc embovolethal
nestly all species in whuchat s heentested
T eratogemion wits evident after s single oral
dose .;P‘_’ & mgrhg o the hamster and afes
daihy oral doses of 1mghy i the vat Mal:
formations of shulll palate, eye, jaw, skede
Lon, aid gastroititestnal Uact were noted
anmal studies  Survval ol letuses and
ottapring was teduced. The diug causes em-
beyalethahts in the tabbt gt dady oral dose
levels as low as T omgihy,

WARNINGS:

tabavitn adinmstered by aerasal pro
duced catdrac lessons i mice and tas alter
40 and Wongthg, tespectinely for 4 weehs,
and atter oral adminisraton in monkess
P20 and tacs at 1580 200 mg'hg b Lo b
months Ribavinn aetosol adonnntered ©
developmy ferrets 4 6 my kg tot 10 o1 30
davs resalted in mdlanimatons and possibihy
crnphiysenatons changes i the hungs, Pro-
Dlerative changes were seen at 131 g/
for 40 davs, he signiticance of these find.
g o human  adounstagon s
unknewn

Ribavirm bophided mo b gram vials 1
wtended for use as an aerosal onby

PRECAUTIONS:
General:

Patients with Jower pespitaton trac infe-
trondue Lo Tespitatonsy sy tal vivus requite
n[mmmn MoNHnIY 4ndgttenuan (o 1es-
prratory gnd Hud status,

Drug {nteractions:

Piteractsans of gy wirh othe, drogs
succ b as digoxin, bronchadilators, other an
tval agents, antbotics, of anu-metabolites
bas not been eviduated Tnterference by
tibavinm with lahoraton tests has not been
evatuated,

Carcinogenesis, mutagenesis, impairment
of fertibity:

Ribavinin induces el transtotmanon an
an i trgro maniiiahan sscem (BaibC 313




cell hine), However, m tive Catnmogetictts
stadies are ncomplete Results thus tay,
though incondusive, suggest that chronw
feeding of nibastoan wo rats at dose devels i
the range of 16-60 myp/kg bods weight can
induce henign manunaiy, pancieai, prat-
ary andd adrendl tumors

Ribavirin s mutagenn o mammalian
(LA1THY) cells an culture Results of mucro
al mutageniaity assays and 4 domnant
lethal dssay {(mouse) were pegative.

Ribavicin catses testicilar lesions (tubular
attophv) i adule v at oral dose Tevels as
fow as T mgikg day dowey dases nottested.
but tersdny of  ubavam-tiedted  ammals
tmale or female) has noe been adequately
investigaied.

Pregnancy:

Pentogene Biteas Pregnanny Categons
X. See "Conrramdications™ ses tion

Nursing Mothers Use of tibavinn aerosol
monursing mothers s not adicated boecause
RSV andection s sebtdimued e this pepulas
ton Ribaviemn s tose to lactating aninals
and therc otbspring. 1o not knowa whethet
the drug s excreted i human malk.

ADVERSE REACTIONS:

Wpprosimately P00 panents hase been
teeated wich nlnece acrosol i oongrolled
o1 uncontrolled cimcal sradies

Pultnonany funicben siginiicantdy deteins
ated during cdhigvinn acrosol bestuent
s ob sin adults with chronw obstructive lunyg
disease and 1 tour of siv asthimate adules
Laspmea and chest soteness were abo gee
potied i the latter group Mo b
nhues i pulmonacy faacaon were alse
seen i healthy adult volunteers

Several senous adverse events occurred i
weverely dbinfines with hfe-threatenmyg une
detiying diseases, many ol whom required
awssisted ventilation, The yole of nbavicm
erosol in these events s idererminate The
tollowing events were assaciated with ribavi
iR use:

Pulmonary Worsemng ot vespindtony
stdous, Bicietial pneamoms, picumaothorax,
apiier, and venulaos dependence.

Cardinasoutar Cardiac arrest, iy poten-
st and diggitalin toxao .

There were 7 deaths durning or shorth
atter teatment with nhasvinn serosal, No
deuth wins atribted o chavinm acrosnl by
the investigarosns

Sanne \u!)]cus regquining assisted \(‘nlll.r
non have experienced senous ditficatues,
which may jropardize adeguate sentitation
and gas exchange. Preapitation ot diug
withiny the ventilators apparatus, mcuding
the endotracheal tube, has resulted o in-
creased posttin e end exprratony pressute atud
InCreased pOsity e snspnnony pressure. Ace
cumutanon of uid in tahing Cran ou)
hds abo been noted.

Ablthough ancia hus not been seported
with use ol the actosel, it oaccurs hequenth
with aral and ttevencus nbavinn, and
maost intants teated wih die acrosol have
ot been evaluated | o 2 weeks post-treac
went when anemis i hikely 0 ocour Ree
ticudod vtoss has been reported with serosol
Ust

Ravh and conjuncuvins ase been asso-
ciated with the use of rhavitin actosol.

Overdosage:

Na uverdosage with nbaan by aciosol
.Mlllllhi\ll.lllnnh‘l.h been teparted n the
homan, The LD, mace w2 g onadly
Hypoacusies gt gastrotitesanal symptoms
aocurred Inoman, nhavinn s sequestered
n red blood cells for weeks altey \‘l\ﬁlﬂg
DOSAGE AND ADMINISTRATION

fetore use, read thoroughly the Vivarel
Small Particle Aerosol Generator (SPAG)
Model SPAG-2 Operator’s Manual for
sertall parncle acrosol geaeirator operating
structions,

[ reatment was etlecuve when insttuted
within the fiest 3 days of resprratony syncytia!
vitus lower  respuatory tact anfedion
Frestiment carly e the course of severe
Tower tespriatory tract mfecuon miay be
nevessary o achieve efhoacy

1 teatinent s carned out tor 12-18 houry
pet day for ad lease 3 and no mure than 7
davs, and s part of a total teatient pro-
pram. The serosol is detivered to an infant
usvgen hood tram the SPAG-2 aerosol
penerator Adminstration by {ace mask o1
axygen 1ent iy be necessary il a hood cane
ot be emploved see SPAG-2 manual)
However, the volume of distribution and
condensaiiun area are targer wa teat and
etficaoy of this method ol admnistening the
drug has been evaluated 1n only & small
number of patients. Ribavinn acrosel 1s not
to be admiustered wih any other actosol
genetating device ot lng:'ihm with odser
actosolized medications . Ribavinin aerosal
should not be used tor panents tequiring
sunultaneous assisted senulation (see iu,\«::}
Warnings)

Vitazoie v supphied  as 6 grams of
hophilized diug per (08 mib vial {or aerosol
adaamsiiauon onh o By stenbe techngue,
solubilize diuyg with stende USE water tor
wjecton or intaation e the 100 mi vig)
Pranster tothe clean, sterthrzed 500 my wide
mouth Frlenmever sk (SPAG-2 Reservoni
wned tarther didute 1o g tinal volume of 300
mb with stenile USP water ot injection o
whalavon, The final concentration should
be 20 gl Important: Thie waier should
nat have had any antnncrobial agent o
othet subsaance added. The solunon shoujd
be inspected visually tor partic ulate matter
and discoloration proor o adovumsttaton
Salutians that hasve been placed inthe SPAG
2 umit shoulid be discarded at least every 24
hours and when the liquid level is low befare
adding newly reconstituted solutinon

Using the recommended drus; concentra-
fon of 20 mg'ml nbavnin as the starting
solutior o the drug reservair of the SPAG
unit, the average acrosol concentoation tor
4 12 hour period would be 90 mictograms
hter 10 19 my M ot a

HOW SUPPLIED:

Virazole inbavitun Acerosol is supplied n
1O il glass vials sath 6 grums of serile,
hoptulized diug which o m)’]x- reconstituted
with 200 mil stertle water for agecuon o
\(('rll(‘ wale! '(” l“h«“ o (no I"(‘S{'"\‘-lll\('\
added) and admumistered only by asmall par
tcle aerosol generawr iISFAG-2). Vials con-
tatng the l\nrlnhmd drug powider should
be storc i a dey place at 15-25°C (59-78°F)
Revonstituted m‘ulinn\ iy be stored,
under stente conditions, at toom wempers-
tute (3070, sx-86°F) tor 24 hours Saolu-
tons which huve been placed i the SPAG-2
urnt should be dis .n(‘wl at feast everny 4
tioaes.
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NDA 18-853 Movember 14, 1983
MEDICAL OFFICER'S REVIEW OF NDA 18-859

Date of submission: 9/21/82
Date of Receipt: — 9/21/82
{;Date o Refusal to File: 11/2/82%2%7

Agglicant: Viratek
222 North Vincent Avenue

Covina, Califcrnia 91722

Name of Drug: USAN: Ribavirin
Trade: Virazole
Chemical: 1-R-D-ritofuranosyl-i,2,4-triazole-3-carboxamide

Category: Antiviral Classification: 2-C

Formulation: Aqueous aerosol, 20 mg/ml.

Proposed Indications: Treatment of Respiratory
Syncytial Virus (RSV) infections. :

Dosage and Route of Administration: Variable dosages administered by aerosol
inhalation during variable periods of time from one to five days. N
/ |

Related IND's: ) . .. N

Related NDA:[
v —:—-)——\ /«
?‘/
Manufacturing and Controls: é;Cnem1str) Rev1ew(#f}by William F. Kochert dated ::})
d

77179783: " "We have completed our review and find ‘that_the information presente
~¥s inadequate and the application is not approvable. :}

4



Page 2

//The application is 1nadequate under section 505(b)(4) of the Act as follows:
!

/ It fails to include a full description of the laboratory procedures that will

be employed to check the specifications for the raw materials, water for
injection USP.

[t fai1ls to submit stability data for the packaged drug product.

The application is alsc inadequate under section 505(b)(6) of the Act in that
the type size of the name of the drug as 1t appears on the container label and

- carton is too small. See 21 CFR 2071.70%,

Pharmacology Review: By Norma J. Browder, Ph.D.,
dated July 28, 7983: “Recommendations:

A. In the BALB/273 in-vitro transformation assay, chemically-transformed
cells were not transplanted into syngeneic hosts to establish if they
were malignant and capable of forming tumors, as 1s required for the
1In-vivo part of this assay. A recommendation for the performance of
both in-vitro neoplestic transtoirmation studies and in-vivo tumor
induction studies in syngeneic hosts was made to the speonsor in our
letter of Dec. 6, 1976 and in a telecon held with the sponsor on
1:1/16/80 (refer to Dr. Browder's memo of this date).

B. [he sponsor should again be requested to perform in-vivo tumor
induction studies in syngeneic hosts using chemically transformed
cells derived from the in-vitro portion of the BALB/3T3 transformation
assay.

C. The positive results for mutagenicity obtained in the mouse lymphoma
assay plus the results obtained with the BALB/3T3 transformation
studies should be considered together with the r~esults of the
carcinogenicity studies in making an assessment as to the carcinogenic
potential of ribavirin".

Clinical Pharmacology: Review by Jose G. Canchola, M.D., Very limited and
- 1madequate clinical pharmacokinetics data on the aeroso] formulation were
submitted in the application. These data were reported by James Connor,
University of California at San Diego . Each pediatric patients, age range 2
mos. to 17-years of age received aerosolized drug from 2.5 to 5.0 h/day for 3
days, either by mask or endotracheal tube. The investigator states that "the
mean peak (plasma) level in the 6 patients analyzed to date is 1.3 uM". These
data are clearly insufficient to evaluate the pharmacokinetics of the aerosol
formulation. In addition, the technique utilized in this study, a RIA, appears
to be unspecific for detecting ribavirin and metabolites, according to Vernon
Knight, M.D, (meeting with sponsor held on 8/25/83).

’
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4. Controlled, single blind, randomized study of respiratory syncytial virus
(RSY) infections 1n children. Performed by L. Taber, M.D., Raylor
(1981-1982).

No case reports were submitted, only computer print-outs. Duration of RSY
shedding was not provided.

Twelve infants received ribaviran aercsol and 14 placebo.

No significant difference between treatment groups of drug efficacy. The
monitoring of drug toxicit, was inadeguate.

Conclusions:;ifhe study d1d not show evidence of drug efficacy.

5. Placebo controlled and randomized evaluation of ribavirin aernsol 1n
induced RSY 1infection In young adult volunteers. Performed by Caroline B.
tall, M.D., Universaty of nochester Medical Center, Rochester, NY.

Eight volunteers recetved ribavirin aerosol or placebo (water mist), 12 h/day
for 3 days, three days after intranasal RSV 1noculation.

Mo data were provided on virus quantitation or duration of RSV shedding.

Monitoring of drug toxicity was inadequate. Hemograms and blood chemistry 7,~"
were done pre-dosing and at completicn of dosing (day 3). '

Conc1usuons:f The study was not adequate to evaluate potential drug toxicity.

“6. Placebo controlled, double blind and randomized evaluation of aerosol
ribavirin in RSV infection 1n children. Performed by Caroline B. Hall,
M.D., Rochester, NY (1982).

S xteen infants with a clinical diagncsis of bronchiolitis were entered 1nto

the study. Eight received ribavirin aerosol and & placebo (water mist) 1n a
tent.

It is stated that treatments were given, on the average, 18 hours/day for & to
5 days. However, length of inhalation, frequency of inhalation per day and
duration of treatment, was nct recorded for 5 of & drug-treated and for 2 of 3
piaceto-treated infants.

Cata on RSV titrations and duration of viral shedding were not provided.

One 1nfant in tre drug group had crcup with negative RSV 1solation. 0f the
remaining 7 infants, 4 had a diagnos1s of bronchiolitis, 2 pneumonia, and cne
had no specificd diagnosis. This last patient developed paroxysmal atrial
tachycardia on the 3rd-day of treatment; another patient with pneumonia had a
relapse two days after completion of trcatment.
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Among the 8 placebo infants, 2 had bronchjolitls, 1 pneumonia, 2 croup, one
apiea, one diarrhea, and one a vascular ring. Except for one patient where
the code was broken and he was then put on ribavirin aercsol, 1t is unclear
how many other placebo-treated patients were crossed over to drug treatment.

There were no hematelogical data during or after treatment provided, nor data
on follow-up nulmonary function tests.

Conclusions: \This placebos controlled study was not adequate for evaluation of
drug efficacy or safety?}

Recommendat1onsa( As 1t has been already decided, the application 1s ~§

mcomplete, and It should not be filed because of the following reasons: ]

1. Manufacturing and controls for the aeroso] formuiation are not
satisfactory.

[as]

Lack of preclinical animal toxicity data.

3. Inadequate data from controlled clinical studies of the aercsol
formulation in RSV respiratory tract infections for
evaluation of drug safety and efficacy.

. 4. Inadequate and incomplete clinical pharmacokinetics data on the aerosol
. formulation administered by mask, tent or endotracheal tube. o
NDA Amendmenf(ﬁated Octaober 27, IQSB/kreceived on November 3L71983;)assigned
on November 14, T1983].  The sponsor states that 1t "submits thi1s new drug
appThication... The application supports the safe and effective use of
Virazole (ribavirin) given in small particle aerosol for the treatment of
hospitalized 1nfants with respiratory syncytial virus infections"..

"This application 1s a replacement ,or NDA 18-859 rhich we are hereby
withdrawing..."

"The (ini1tral; submicsion represented by MDA 18-885S ncluded claims for

these claims are not concained in the enclosed
submission,..®

"We deem 1t appropriate to request a meeting with you and your reviewing staff
to present the new data...for small particle aerosol for treatment of

respiratory syncytial virsus in children... We have enclosed an agenda for
this meeting".

Review

1. Placebo controlled, double blind and randomized clinical study of aerusoi
ribavirin in RSV infection 1n children. Caroline B. Hall, M.D. Rochester,
NY (Winter 1982-1983).

It is stated that “Infants enrolled in the study were admitted to the infant
ward or pediatric intensive care unit with Tower respiratory tract infection
proved to be caused by RSV by immunofluorescent antibody testing and
subsequently by viral isolation. Sixteen infants were admitted during
January-March, 1982 and an additional seventeen during January-April, 1983.
Only those infants wh were deemed i1l enough to require at least three days
of hospitalization were considered. Infants with underlying diseases such as

S e e m e dsmcan avﬁ’“ﬂiﬂw,
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"Infants were assiqned by use of a random table in a double-blind manner to
recetve erther drug or placebo {water)...The aerosol was administered...at a
rate of 12.5 liters per minute 1nto an infant oxygen hood, coxygen tent or
inhalation tubing of a respirator... The exact dosage of ribavirin delivered
to an infant cannot be determined as small narticle disposition in infants has
not been measured.,”

"Assays to detect presence of ribavirin in nasal washes. .. rder to be
sure that ribavirin was not still present 1n the secretions interfering
with viral growth, specimens from four patients were tested in tre same system
used for viral titration. Nasal wash specimen were heated at £50C for 30
minutes to inactivate any virus prasent. To these specimens 103 TCIDsg of

RSY (Long strain) was added and titrations were paorformed... The titers of
these samples were comparable to the <gntrol it1trations...”.

"Thirty-thr_e infants with proven RSV lower respiratory tract disease were
studred. All these infants had RSV pneumonia, confirmed by chest
roentgenograms, with o~ without bronchioTits, Seventeen patients were
randomized to receive piacebo and 16 received ribavirin",

"Aerosol treatment was administered...for an average of 20 hours per day for
3-6 cdays with an aveirage of 4.9 days n the raibavirin jroup and 4.7 days in
the placebo group. On admission, the ceverity of 1llness of the infants ir
the placebo group was not significantly different from that of the infants 1n
the ribavirin group... However, by the time therapy was initiatec {an average
of 1.5 days from admission), the infants Tn the placebo group had improved,
such that their 11lness score was significantly less than that of the
ribavirin group...the subsequent improvement after tne first day of therapy
was greater 1in the group treated with ribavirin, and their 111ness severity
score by the Yourth day of therapy was significantly less.®

“The change or degree of improvement in the lower respiratory tract signs,
except for wheezing, was significantly greater 1n tne ribavirin-treated group,
whereas the change in temperature and upper respiratory tract Signs was not
significantiy different between the two groups".

"The 1nitial means Salp or Palp...of the two groups were not significantly
different... By the the end of therapy, the ribavirin treated infants
demonstrated cignificant imprcvement... The improvement in the placebto group
was significant but less..."

"By the end of treatment...the quantity of virus in the nasal washes of the
ribavirin group was significantly less...".

"Two_infants who had ceased shedding RSV at the end of treatment with
ribavirin, 3 and 4 days later had a nasal wash specimen that showed the
presence of RSV... In one of these infants, the positive nasal wash was
associlated with clintcal relapse,,.”
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“No toxicity or side nffects from the aerosol therapy were noted in any
infant. Complete blood ce'i counts obtained before, during and the end of
therapy were not significantiv different between the placebo and ribavirin
roups, and no hematologic abnormality was noted... ATl of the 16 infants
gogpral1zea aurwng,lng have had Foliow-up examinations 3-U months after
discharge. The Sa0p determinations...did not differ significantly
etween...drug versus placebo."

Reviewer's Conclusions:

The second “randomized, placebo -ontrolled and double blind study of RSV ‘
infections in children, performed by C, Hall, M.D., contains important fiaws
and her analyses of drug safety und efficacy are biased.

According to the protocol design, the study was randomized and placebo

_controlled (water mist). In addition, infants with underlying diseases such

as congenital heart diseases were to be ercluded. It appears that the study
was not randomized nor placebo controlled.

Seventeen infants were entered into the study. Eight received ribavirin

_aeroso! from 14 to 102 hours, and 9 received no treatment. Of the §

ribavirin-treated infants 2 had RSV pneumonia, 2 bronchiolitis, 1
bronchioliti1s and pneumonia, 1 reactive airway disease, | asthma and otitis,

“"and 1 had no diagnosis established. Half of the patients received

broncedilators along with ribavirin treatment.

0f S control untreated patients (no placebo given), 4 had broncholitis, !
croup, {negative RSV), 1 S. pneumoniae pneumonia, 1 pneumonia, and 2 no
bronthiolitis or pneumonia. Three patients had congenital heart disease (2
coarctation of the aorta, 1 VATER syndrome) and one patient had congenital
pulmonary dysplasia and hydrocephalus. Thus, 4 (44%) of the 9 rontrol
patients chould have been excluded from the study because of underlying
congenital heart disease or pulmonary disease.

It 1s very unlikely that the study was randomized with no patients with
congenital heart or lung disease allocated into the drug-treated group.

Only one controlled patient (croup, RSV negative) received bronchodilators

At entry, all ribavirin-treated patients had positive RSV 1solatton whereas
only 7 control patxents were RSV positive. No titers or duration of RSV

“shedding was provided.-

Baseline Salp were not recorded or done for 2 ribavirin and 6 controllied
patients. Blood chemistries were not done. CBC's were done mostly at entry,
and in some cases were not done at all,

At least two control patients with bronchiolitis were switched to ribavirin
aerosol (one from day 1 of the study, and the other one from the day 4 of the,




;JNo case reports were provided and the computer point-outs were 1incomplete. |
~~"The -evaluation-of biochemical toxicity was inadequate.
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-

These are not data available on short or long-term follow-up observations.

Therefore, this additional study is not adequate to confirm or support the
efficacy and safety of ribavirin aerosol in RSV broncholitis or pneumonia in -

~children.

2. Publication: Hall CB, McBride JT, Walsh DE, Bell DM, Gala CL, Hildreth S
et al. Aerosolized ritavirin treatment of infants with respiratory
syncyttal viral infection. A randomized double blind study. New Engl .
Med 1983; 308: 1443-1447,

Critique: The clinical nvestigator, Caroline B, Hall, ".0., pooled the aata
from the two limited clinical studies already discussed by this reviewer. The
data from these two studies are not poolable:

a) The control group received water mist in the first study, and no treatment
1n the second study; thus, evaluation of treatment effect(s), drug vs
placebo in the two studies, was not comparable: b) the control groups 1n
the second study had only J bronchiolits cases with confirmed RSV
1solations; ¢} it is not known how many patients in each study received
the drug by aerosol into an oxygen hcod, oxygen tent or inhalation tubing
of a respirator,

In addition, quantitation and duration of RSV shedding were not provided and
monitoring of drug biochemical toxicity was deficient.

Therefore, the conclusion of drug safety and efficacy reached bty the clinical..
_investigator are not supported by the data provided in the case reports, ’

3. Double blind, placeto controlled study of ribavirin aercsol in RSY
infections in children. L. Taber, M.D., Caylor, 1982-1983.

Seven infants were randomly treated with drug aerosol (2-5 days) and 7 with
cistilled water aeroso!l {(2-4 days). RSV bronchinlitis was confirmed in all
infants, except in one drug-treated patient,

~

;

The investigator concluded that "there was no difference in the two groups of
patients... Illness was never severe in these patients.. Statistical

significance with this mild 11lness and low number of pariicipants 1s hard to
demonstrate",

"Virus shedding...was not significantly different in the two groups..."

“The hematological studies show no evidence of ribavirin toxicity".

: :i\\Fonclu51on: Th1s second study did not support efficacy, and it was inadequate

K

‘ claimed by Dr. Hall.

for—evaluation of drug toxicity.

In spite of its limitation, the study does not support the drug efficacy
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4. Controlled, double blind and randomized clinical study of ribavirin
aerosol in RSV infections in children. Kenneth McIntosh, M.D., Children's
Hospital, Harvard, Jan.-March, 1983.

Eleven infants with a clinical diagnosis of bronchiolitis were enrolled in the
study. Five infants received ribavirin and 6 received no treatment.

Ribavirin aerosol was given, on the average, 16 hours daily for 3 days
(non-ventilated) or 18 hours daily for 5 days (ventilated). Control patients
received no placebo aerosol. There were 3 ribavirin and 4 control patients
who did not require assisted ventilation, and 2 patients in each group who
were intubated and ventilated,

RSV was 1solated from 4 ribavirin and 5 untreated control patients. In some
patients CBC's and blood chemistries were done at the start of the study and
at the completion of treatment.

The investigator stated that "At this point, a number of considerations can be
be made concerning the drug's delivery via a ventilator... Infants were
ventilated with a Health-Dyne time-cycle pressure Timited venitilator. The
drying chamber outlet of the aerosol unit was connected to the heated
expiratory limb of the venitlator and the aerosolized drug had to pass through
a humidifier before reaching the infant. An enormous amount of fluid was
noted 'to rain-out' in the tubing prior tc reaching the natient. Furthermore,
the pressure wave delivered to the infant was significantly altered by using
flow through the nebulizing apparatus alone to deliver breaths to the infant.
Such aw alteration can significantly change the distribution of ventilation
and ultimate gas exchange. Close scrutinity on the drug group patients
reveals a suggestion of improved gas exchange during rest periods off the
nebulizing equipment or shortly thereafter, while under aerosolization alone".

The nvestigator concluded that "no conclusions are possible frow these very
small patient samples. The suggested evidence of efficacy of ribavirin
aerosol has no statistical significance, however, the clinical tolerance to
the drug was excellent without any laboratory evidence of drug related
toxicity".

WThe administration of ribavirin aeroscl through a ventilator requires close
scutinity. The necessity for humidifying air delivered directly to the

. __trachea of a patient may alter drug distribution and delivery. The resulting
aerosolyzed drug-particle may be %oo large to be able to reach deep into the
lung, the areas which are infectod™.

wFurther evaluation and study of this problem is needed".

Conclustons: This limited study was not adequate to evaluate drug efficacy \
+ and 1t was deficient to document drug toxicity. In spite of this, the review'\
- of the case reports did show that duration of hospitalization and RSV shedding|
were prolonged in the ribavirin group; these facts are in contradiction with
Dr. Hall's results. -

;
s
\ o
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5. Compassionate clinical use of ribavirin aerosol. Sixteen children and 2
aduTt patients were treated. Of the 16 children treated, 7 had severe
combined immunodeficiency, 1 Down's syndrome, and 1 acute lymphocytic
leukemia. RSY pneumonia was cocumented in 5, parainfluenza (type 3)
pneumonia in 1, adenovirus pneumonia in 2, and ECHQ (type 11) pneumonia
in 1.

RSV erther was not inhibited or became reactivated after treatment in 4 of ©
RSV-pneumonia patients; parainfluenza also became reactivated after treatment,
and ECHO 11 was not inhibited. The 2 patients with adenovirus infection died
very early after initiation of treatment,

These results are strongly suggestive of lack of activity of aerosol ribaviria
1n RSV infections of the lower respiratory tract.

The drug inhibitory results reported ty Dr. Hall may te due to drug carry-over
in the clinical specimens collected for RSV isolations. She has claimed that
this 1s not the case, because she has heated (650C for 30 minutes) the
clinical specimen to inactivate RSV, and then she has added an inoculum of RSV
to the heated specimens. She has stated that simultaneous titrations of the
heated and original specimens have yielded similar RSV titers., However, she
fairled to evaluate the stability of ribavirin when heated at 650C for 30
minutes. The proper way to do these evaluations is to neutralize ribavirin in
the clinical specimen with an adequate quantity of either guanosine or
xanthosine.

6. Clinical pharmacokinetics. The clinical pharmacokinetics data are
deficient and incomplete. These data are included in a copy of a presentation
by James Connor, M.D., using a RIA, at the recent second symposium on
ribavirin. The data presented by Dr. Connor totally ignore the determination
of the retention time of ribavirin 1n erythrocytes.

In addition, the specifity of the RIA has been seriously questioned by Vernon
Knyght, M.D., at a meeting held with the sponsor on Augqust 2%, 19&3. 7
General Conclusion: NDA 18-859 still remains incomplete, regarding the
requirement for substantial evidence on the safety and efficacy of aerosol

‘ribavirin in the treatment of respiratorv tract syncytial virus infections in

children, and ‘ . children
and adults.

Recommendations:

“1. HDA 18-859 should not be filed and the sponsor should be informed in

writing about all the reasons for refusing to file the application and the
amendment .

2. The meeting requested by the sponsor to discuss the recent NDA amendment
should not be granted at this time, until an internal decision to have a

3. The sponsor should be requested to provide promptly all the available data
to demonstrate that the RIA being used in clinical pharmacokinetics

studies is specific, sensitive and reproducible.

"""" - AL
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4, The sponsor should be requested to submit for review and recommendations,
a newly well designed protocol for controlled clinical studies of the
aeroso! formulation in the treatment of lower respiratery tract RSV
infections in children,

5. HFN-140 should give serious consideration to imposing a clinical hold on
the clinical studies being performed with the aerosol formulation, until
the time the sponsor submits adequate preclinical animal toxicity data for
the aerosol formulation, and documented evidence on the availability of an
adequate technique for the performance of clinical pharmacokinetics
studies.

6, HFN-140 should also seriously consider the submission of a letter to the
Editor, N Engl J Med, with & fair critique of the findings recently
reported by Dr. C. Hall at al, on the safety and efficacy of ribavirin

~aerosol in RSV infections in children (Hall CB et al N Engl J Med 1583;
308:  i443-1447).

~

P
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Jose G. Canchola, M.D., M.P.H.
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AEglicant: Yiratek
222 North Vincent Avenue

Covina, California 91722

Name of Orug: USAN: Ribavirin

Trade: Virazole
Chemical: l-B-D-ribofuranosyl-l,2,4—triazo]e-3—carboxamide

Formulation: Aqueous aerosol, 20 mg/m]

Proposed Indications: Lower respiratory tract respiratory syncytial virus
infection.

Dosage and Route of Administration: Acrosol inhalation for variable time
periods.

Related IND'c-

Related NDA:(\B

Manufacturing and Controls: Chemistry review by Or. Taylor complete, but not

available to rev1euer.'§?pparent1y, numerous deficiencies have been notedip

1
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Pharmacology Review: ur, Browdeq{
of 4-17-84, -

)Amendment(gited 2-18-8{;>review

No information on pharmacodynamics or pharmacokinetics are included in this
review. No human data are included in Amendments presently being reviewed.
Toxicology chowed:

“Rats exposed to ribavirin aerosol by inhalation for 12 hr/day, 7
days/week for 28 days via whole body chambers, receiving inhaled doses of
22, 36 and 57 mg/kg showed: mortality at all dose levels occurring as
ea;]y as day 6 and gasping fellowed by corvulsions prior to death at 57
mg/kg".

“Microscopically, lesions of the following organs were observed in
drug-treated animals: 1lungs (alveolar edema and hemorrhage as well as
hypertrophy and hyperplasia of intrinsic alveolar cells (adematosis) and
foam cell (pulmonary macrophages) accumulation in alveoli); heart
(inflammation of the pericardium and myocardium, frequently associated
with myofiber necrosis and interstitial edema); thymus (atrophy,
characterized by necrosis and loss of cortical cells at 36 and 57 mg/kq);
liver (focal or multifocal infiltration at 22, 36 and 57 mg/kg)."

“Mice exposed to ribavirin aerosol by inhalation for 12 hrs/day faor 7
days/week for 28 days using whole body chambers and receiving inhaled
doses of 30,62 and 111 mg/kg showed: mortality at all dose levels,
occurring as early as day 7; high incidences of irregular breathing in all
drug-treated groups. Microscopically, lesions of the following organs
were observed in drug-treated animals:

-Thymus {(atrophy characterized by necrosis and a reduction of
cortical tissue at 111 mg/kg).

-Bone marrow (hypocellular at 111 mg/kg); large intestine
(enteropathy at 111 mg/kg characterized by “loss or crypts,
occasional epithelial giant cell formation and slight infiltration
of lamina propria by macrophages).

“The sponsor submitted the above inhalation toxicity studies in support of
their IND and NDA for the aerosol formulation of Virazole. With respect
to these studies, Viratek indicates that they regard the results to be
inaccurate and misleading."

“In addition, as a result of a GLP/Data Audit inspection of these studies
conducted on 8/23-9/6/83 by FDA, Chicago District, this Division (HFN-815)
was notified that the final report of the completed studies submitted by
Viratek to FDA was unsigned by personnel involved in the study, thus
constituting a violation of GLP." .
/t Results from aerosol studies in developing ferrets have been reported

. incompletely to Dr. Browder, who awaits completion of that study before it can
"\ be reviewed,

N ~
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Clinical Background: Reviewed in Medical Officer's Review of 11-14-83.

Clinical Studies: )

1. Ribavirin treatment of respiratory viral infections in infants with
underlying disease. Performed by Dr. Caroline Hall, University of
Rochester, Rochester, New York.

Amendments(f and 15>

No protocol was submitted to reviewer, although one was requested from
sponsor. The data summary submitted by the sponsor June 29, 1984
contained numerous discrepancies when compared to the case report forms
prepared by the investigator. The sponsor assured me that all
discrepancies were due to investigator error. However, the investigator
indicated to me that the sporisor was notified in June, 1984 that the
summary tables were incorrect. The following review is based on a report
and summary provide ' by the investigator to the sponsor, NDA-amendmentglﬁ}

During winter 1983-84, the efficacy of ribavirin in treatment of RSV lower
respiratory tract disease was studied. RSY infection was documented by
isolation of virus or detection of RSV antigen in nasal wash specimens and
nasal swabs respectively.

The patients, 211 1 yr age, were randomized. A compassionate use
protocol was in effect in the same institution at the same time, and it is

not stated how infants were chosen for randomization versus compassionate
use,

Subjects received drug or placebo continuously except when nasal wash was
obtained (1-3h) or during other procedures requiring removal of infant
from aerosol. Actual times of drug administration are not given. The
rate was 12.5 L/min. The ribavirin concentration in the 1iquid reservior
was 20 mg/mi. The mode of administration was into an infant 02 hood,

02 tent, or inhalation tubing of respirator. However, the mode that was
used for each subject is not given.

Clinical evaluations were performed by a blinded investigator, Severity
of illness was evaluated on a visual analcg scale ( O = normal; 10 + =
most severe).

No safety data are summarized. No criteria were given for removing a
patient from the study.

There were 12 ribavirin recipients and 10 placebo recipients in whom RSY
infection was documented. The groups were similar in distribution of
infants by age, sex, grematurity and underlying cardiovascular disease.
The groups were possibly different at the outset with respect to illness
severity (Ribavirin 6.1, placebo 4.5, p = .067). However, this difference
is not statistically significant and may have occurred because of the
relatively small number of subjects studied or a 7law in the randomization
procedure. There was no difference in 11lness severity at the end of
therapy (ribavirin 3.0, placebo 3.3, p = .7). The incremental improvement
in score was significantly greater for ribavirin than for placebo
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recipients (3.0 vs 1.2, p = ,007). The incremental improvement may
reflect ribavirin efficacy. However, if ribavirin were effective and the
comparison groups were similar, a difference in scores-should have been
evident at end of therapy. Alternatively, if the ribavirin group were
sicker at start of therapy, the superior incremental improvement may have
resulted from the natural history of more severe disease and not from
ribavirin effect.

The summarized analog scores still cannot be verified on all case report
forms. The clinical validity of the subjective analog score is unknown.

Arterial 0y saturation (Sa0p) was not different either at start or at

end of therapy between the two groups. Therefore, the clinical relevance
of the statistically significant incremental change is unknown and may not
reflect ribavirin efficacy.

Data were collected for many other c¢linical parameters which might form
suitable efficacy end-points, including vital signs, behavioral and
feeding parameters, chest physical findings, Fi02, blood gases and chest
x-ray. Analysis of these data has not been submitted.

Yiral titers were significantly less in the ribavirin recipients compared
to the placebo recipients studied on days 5 and 6 of the study. Thus,
ribavirin demonstrated anti-viral efficacy.

Conclusions: The data analysis from this study does not conclusively support
a claim for ribavirin efficacy based on meaningful clinical endpoints. The
drug, however, showed antiviral efficacy o¢n d5 and d6. No conclusion as to
safety can be made without an analysis of the safety data.

2. Randomized, single-blind, placebo-controlled study of Ribavirin in RSV
infection. Drs. Parrott and Rodriequez, Children's Hospital National
Medical Center, Washington, D.C.

Amendments{9 and 1;)
The original data submission consisted of the investigator's computer data
printout and a summary provided by the sponsor. It was impossible to
verify any data. In response to equest for uncoded, raw data and a
summary of that data, Amendmen'~1;1f 700 pagesg)was submitted. This
review is based on Amendment(17)] 7

The data are still not provided in . format to allow ready verification of
the data. However, this format change may not be necessary since no
clinically significant and only cne statistically significant end-point of
efficacy are mentioned in the investigator's report. The sponsor's
conclusion tiiat the drug is safe might be verified with the requested
change in format.

The purpose of the study was to show efficacy of ribavirin as compared to
placebo in respiratory syncytial virus infection.
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The study is described as single-blind. It is irrelevant that the infants
did not know {f they were recelving drug or piicebo. However, knowledge
of treatment by the jnvestinator compromises any conclusions which might
be drawn from the data. 0t ar studies presented by the sponsor are said
to be double-blind. Why wa a't *his one double-blind if a placebo was
included?

The method of aerosol administration is not specified. (Tent vs. hood vs.
respirator).

It is not clear if, when, or why any patients had to be removed from the
study.

The following is based on the investigator's report since data .~
verification was not feasible from the NDA submission or Amendment{jiﬂ
Subjects received ribavirin (9 females + 11 males) or placebo (8 females +
2 males). Average age for the placebo group was 3.2 mo vs. 6.1 mo for the
ribavirin group. The groups are tco small for the apparent age or sex
differences of biologic importance to be statistically significant. The
groups were similar with respect to neonatal history, past medical
history, extent of RSY pneumonia, duration of iliness prior to treatment,
or prior to admission, and duration of treatment. It is not specified
what exclusions took place. Was a compassionate use protocol in effect at
the same time? Were all RSY infections randomized?

The safety claim by the investigator/sponsor cannot be verified due to
data format. In addition, no information is provided as to how ribavirin

affected ventilator settings or blood gases in patients requiring
respirator.

There was no efficacy observed as judged by duration of fever, respiratory
rate, chest physical findings, irritability, lethargy, food intake,
oximetry, or illness score. Although statistically significant
temperature differences in favor of ribav.rin were seen, the differences
are of minor or no clinical importance.

There appears to be a deliberate attempt on the part of the sponsor to
imply that significant differences in illness score were observed.
However, significant p values refer to published work of another
investigator. The methad of determining the illness score is not given.
A subjective illness score is virtually meaningless with an unblinded
investigator.

There was no demonstration ot antiviral activity.

The small sample size with the 2:. randomization would make it hard to show
efficacy even if it is present.

Conciusion: Efficacy is not shown. Safety data have been collected and
sumnarized but cannot be verified in present format. '
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3. Respiratory Syncytial Virus Infection in Children. Kenneth McIntosh,
M.D., Children's Hospital, Boston, Massachusetts.

Amendmentf§3
o protocol was submitted to reviewer, although one was requested from
sponsor. No investigator's report was submitted.

The sponsor characterizes the study as blinded, but controls apparently
received 1o treatment. The study is said to have been randomized, but no
information is given as to how this was to be accomplished. No inclusion
or exclusion criteria are given.

The drug is said to have been administered 12-18 h daily for 3-5 days, but
no daily record of aerosol treatment i1s found in the investigator's case
report form. The concentration of drug in the reservoir of the Coleson
generato~ was 20 mg/ml. The mode of administration (tent, hood,
respirator) is not specified. The case report form has an undefined
variable of possible interest -- “non-vent hours,"

Patients were evaluated by “ctinical scoring", the sum of 0-3 points
assigned subjectively for general activity, 0-4 points for respiratory
rate, 0-4 points for heart rate, 0-3 points each for cough, retractions,
lower airway, and 0-2 points for grunting. Only the total score (an
artificial parameter) data were analyzed. Additional parameters were:
feeding volumes, S302 temperature, duration illness (preadmission,
total), CBC, chemistries, UA, chest x-ray, and viral studies. However,
data are missing or not analyzed for many of these parameters.

Data verification was not possible for many variables. The summarized
data were not internally consistent. For example, Table Il
Hospitalization (hours) disagrees with Table IV Hospitalization (hours)
for every entry. Moreover times of hospital admission and discharge are
not given cn the case report form so neither value can be verified. There
are similar problems for study (hours), Table IV. No virology data is
provided on the 1983-1984 case report forms. Many case report forms are
missing data on illness onset. The illress termination is apparently
assumed to be the date of hospital discharge. This assumption is not
justified. Gestation in weeks 1s not given on most case report forms.
Apparently, infants designated at FT (full-term) have all been assigned a
value of 38 weeks, which invalidates the stati-+v.1" analysis in Table
I1I. Treatment (hours) Table II is not defired. 1. this parameter is
recorded on the case report forms as “non-vent" i.ours, there are many
discrepancies between the summary and the case report forms. Tables VI,
VII, VIII refer to parameters (feeding 07, illness sccre) at entry and
discharge, but it is not specified entry%discharge to hospital or to
study. There is inconsistency in how the data are summarized. Some
represent hospital entry vs study discharge, etc.

! 9din$ volumes are averaged in Table VI even though the data are not
normally distributed. It is not appropriate to average NPO volumes of
zero with other values.
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Many case report forms are not readable. Not all data have heen
recorded. Often, the study day (or date) for the data sheet {is missing.
No toxicity data are given or summarized.

Even if the above problems are set aside, the summarized differences in
favor of ribavirin are of negligible or unknown clinical importance.
Although the clinical score averaged 1.7 points (of total possible 27
points) lower in the treated patients, this difference could be due to a
difference in pulse of 1 beat/min and a difference in respiration of 1
breath/min.

Antiviral activity is suggested by the ELISA studies for RSV antigen.
However, this was not confirmed by quantitative viral cultures, and may be
of no clinical significance.

Conclusion: The lack of a placebs, a protocol, verifiable efficacy data, and
any safety data, make it hard to judge this study. The evidence for clinical
efficacy -- a 1.7 point advantage on a 22 point artificial, partially
subjective scale -- 1s miniscule and not based on a meaningful clinical
endpoint. The evidence for antiviral activity is based only on a measure of
RSY antigen and not on infectious virus.

4. Respiratory Syncytial Yirus Infection in Children. Or. Larry Taber.
1983-1984; Texas Children's Hospital and Ben Taub General Hospital.
Houston, Texas.

Anendment. 8 ¥
This study was not evaluated for efficacy. The computerized data are not
presented in a readily verifiable format. Only 9 of 20 subjects had
documented RSY infection. The sponsor characterizes the study as
“randomized with a control group™ which is consistent with the protocol
indicating no use of placebo; yet the sponsor claims that the ¢linical
course was assessed in a "double-blind study". This very unusual claim
suggests that the pediatricians in the investigator's hospital would not
recognize the small particle generator, an unlikely scenario.

The sponsor say general evaluation, Fi0», p02, 0, saturation, and
ventilator rates showed “lack of toxicity due to ribavirin aerosol.“
However, no data analysis is shown.

Virologic data are not summarized. However, according to the sponsor,
"quantificavion of virus was erratic*.

The summarized hematology data cannot be readily verified. There it a
suggestion of increased eosinophil count with ribavirin use, but this was
not analyzed statistically.

Conc!usion:%bhis study, as presented, cannot be used to support claims for
efficacy or safetgfi}
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5. Respiratovy Syncytial Virus infection in Children. 1983-1984. Paul
Edelson, R. Gordon Douglas, et al., Cornell Medical Center, New York, N.Y.

Amendment(]d)— '
The protocol calls for a double-blind study with use of placebo when
aerosal machine available. patients were to be randomized. However, the
prctocol did not call for division into high and low risk groups as W
performed. According to the sponsor, the high risk group included
patients with pre-existing pulmonary, cardiac, Or jmmunologic disease.
However, not all “nigh risk” patients fit these criteria. Treatment was
expected to be of 3-4 days duration; however, the protocol lasted longer
than this in some cases. Two patients were enrolled and apparently used
in the analysis twice. Two patients were "unblinded" and apparently used
in the analysis anyway.

fditing of data is poor where it can be judged. However, most of the
summarized data are presented in a format where they cannot readily be
checked against the case report forms.

Mo statistical analysis has been shown. No claim of significance is made
for differences of interest between ribavirin and control groups.

No RSV-1gE data are chown except in summary. Data showing differences
with 10% confidence Jevels are generally not considered significantly
gifferent in medical research. The sponsor's conclusions that ribavirin
could prevent immunologically mediated RSV disease are not justified by
the data shown.

No informaiion is provided as to the actual mechanism or duration of drug
delivery. It is not possible to verify from the case report forms study
numbers, mode of treatment, or whether or not placebo was used in
controls. Drug absorption was to be measured, but no data are given.

safety data have not been recorded reqarding the drug delivery system.
Other toxicity data have not been analyzed or summarized.

Conclusion: The data may be useable. However, the surmarized data are not
accurate in the few jnstances where verification from caseé report forms is
possible. No statistical analysis has been shown. The data as presented
cannot be used to support claims of efficacy or safety.

Conclusions Regarding Clinical Trial Data Submissions (1-5 above): These 5
studies of RSV Infection differ as to Tnclusion/exclusion criteria, diagnostic
and virologic methodology, study design, clinical observations, endpoints of
safety and efficacy, and data collection, analysis and presentation. Detailed
protocols outlining the study plan were available to the reviewer for only 3
of the studies.. These protocols often differed importantly from the reported
studies. In all s studies, the sponsor's data summary could not be verified
oither because it disagreed with the investigators' data or, more often,
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because 1t was not possible to identify the source of the summarized data from
the investigators" records. In no study was a complete data analysis
Presented. In no stuay was 1t possible to Judge hox Tong patients actually
received the drug, how the drug was adminfstered, whether or not Adifficultieg
n administration were encountered, how the drug concentration reaching the
patient was 1nfluenced by use of hood Vs, tent vs. respirator, how the drug
affected respirator settings, or how much drug was absorbed by the patient,

In several studies the spansor claims a “b1ind" design where only the haby
could not have known whether or not he was a contrel., No study reported how
Chest x-rays were influenced Oy use of drug although most patients

infiltrates, Cnly SaOz data were analyzed although most hospitalized

patients with serious respiratory tract disease have sequential determinations
of pOs, pCOz, and pH. No study addressed the well known problems of

aernasol administration Tn babies -- fluid overload, hyponatremia, collection
of aerosolized material in GI tract instead of respiratory tract. No study
addressed the known or theoreticaj toxicities of ribavirin,

No study concliusively demonstrated clinical efficacy. The strongest
suggestion of efficacy was the superior incremental improvement in clinical

Or. “clrtosh's 1. point ribavirip advantage on a 22 point artificial,
2ari.iaily subjective scale ‘is not a meaningfyl ¢linicatl endpoint. No efficacy
claim is made for Dr. Tabers' data. No Statistical analysis has been
Presented to support the sponsor's claims about De, Edelson's study.

Yirologic efficacy has probably been demonstrated by Dr. Hall and POssibly by
Dr. McIntosh, However, the important adjunctive microbiologic data does nct
constitute a demonstration of clinical efficacy.

No study présented data to support a claim of safety,

Statisvical Review: Mp, Gebert noted many of the same deficiencies ag this
reviewer. A Pertinent exerpt from his report follows:

Overal) Comments: The five studieg in this submission have shown only

Weak evidence o efficacy for ribavirin, Results seen in one study were
not corroborated ip other studies. Except for some weak evidence that
ribavirin redyces RSV more than placebo ag Measured by the titers from
the nasal washes, the Sponsor has not demonstrated sufficient evidence to
show that ribavirin ig more effective thap placebo in reducing any disease
symptom or objective measure that reflects the patients disease state,

Provide the correct analyses to Compensate for the POOr work of the
sponsor,
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The weak evidence of efficacy can be summarized as follows:

1. The log titer data of Dr. Hall 3rd the corrected 0.D. data, the
appropriateness of which is uixnown, of Or. McIntosh favor ribavirin
over placebo.

2. A very artificial variable (clinical score), which is the sum of 7

symptom scores, favored ribavirin in the McIntosh study.

The analysis of the presence of rales at day 5 only in the Parrott

study favored ribavirin.

Improvement in oxygen saturation in the Hall study favored ribavirin.

A highly questionable analysis of improvement scores for illness

severity in the Hall study favored ribavirin.

(S - W

Against this weak evidence are the facts that all patients improved and were
usually discharged after three to five days, irrespective of treatment; there
was no difference between treatment groups at the end of the trial in the Hall
study; and the 1ng titer values from days 1 and 3 stowed no difference between
groups in the Parrott study.

General Conclusion:‘xﬂeither safety,?or efficacy have been demonstrated for
aerosol ribavirin for RSY 1’n1’f.=.~ct1’on.;3

Recommendations: Before the NDA is approvable, rumerous deficiencies wili
have to be corrected as outlined in chemistry and pharmacology review. In
addition, clinical data summaries showing statistically significant advantages
for ribav1r1n as compared to control subjects for meaningful clinical
end-points are required for at least two studies. These <ummaries must be
accompanied by the investigators' data used to generate the summary. It is
necessary that the summarized data be readily identifiable for verification in
the investigator data. There should be few discrepancies between the two data
presentations.

e v/o%%

Yictoria Schauf, M.D

e 0r1g. NA T T T e
HFN-815  €7( (dwlxy

, HFN-815/CS0

" HFN-220

HFN-815/V¥Schauf:th/10/18/84

1944b
LD RS




: Medical Officer's Review ‘é?
Amendments/Ng. 19, 22, and 24, and 2540 NDA 18-859
Received by Reviewer: 11/26/84
Completed by Reviewer: 12/11/84

Applicant: Viratek
222 North Vincent Avenue :
Covina, CA 97122 o \\ '

Name of Drug: Ribavirin \‘\\

~

Clinical Studies:

Hall - Study 1: This submission is a copy of the one previously reviewed by
- Drs. Canchola and Gebert. I agree with their reviews that

clinical efficacy cannot be verified from the data. I will
advise sponsor to: 1) provide original data showing
placebo was used; 2) explain how 4 point illness scale
data for 1982 were merged with 10 point scale data for
1983; 3) explain which underlying diseases were excluded
and which were allqwed; 4) provide a new surmmary excluding
patients with unde -cardiooulmonary disease, e.q.
control patients ~ .“arftd __ and excluding patients
without documented RSV infection, e.g. patient  ; 4)
provide summarized data in a format where data can be
verified; §) repeat statistical analysis for newly
summarized data for 1982 alone, 1983 alone, and the
combinea 1982-83 data. '

Hall - Study II: The data relating to this submission were reviewed by me
10/16/84. Additional statistical analysis has now been
performed. The main probiem remains ~ - the ribavirin
group had higher illnes; scores at the beginning of study
and there was no significant differcnce at end of study.
Incremental improvement coulu be attributed to treatment or
to differences in the natural history of more severe
disease. VYirologic efficacy was uemonstrated i7 data can
be provided that show stability of ribavirin at 650C for

~ 730 minutes. Additional data were arialyzed, but no - S
differences between groups were reported other than
incremental differences. Clinical efficacy has not been
demonstrated by further analysis of the Hall II data.

McIntosh - 1982-1984: The data relating to this submission were reviewed by
me 10/16/84. Additional statistical analysis has now
been performed. Other problems noted 10/16/84
remain. Additional data were analyzed, but no
- differences between the groups were reported other
than incremental differences. Efficacy based on a
meaningful ci{nical endpoint has not been shown.
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Parrott: This is a copy of the sumnmary previously reviewed by me 10/16/84.

Overall Summary: Data and statistical presentation differ for each study.
Different measures were chosen for statistical presentation
for each study even when data were uniformly availabie.
What does NR mean? Table 6 - Values of 62.43 and 62.43
cannot differ with p = 0.47. Some data on this table is
Pa02 amd some Sa02. The clinical relevance of
incremental changes in parameters which themselves cannot
be shown to differ between the groups is highly '
questionable. The large number of statistical analyses
without a previously stated hypothesis is 1likely to lead to
apparently significant differences on a random basis.

1985 SPR Abstract Submission:

Dr. Rodriguez, et al. The data from the same study were reviewed 10/16/84.
No statistically and clinically significant
differences were reported then. No ant viral effect
was noted. Now statistically significant.incremental
changes are claimed. The data cannot be veadily
verified from the case report forms in their present
format. The clinical significance of the incremental
changes is dubious.

Dr. Taber 1981-82: Previously reviewed by Dr. Canchola, November 1983. Then,
as now, no case reports are provided. Although “b1inded"
observations are reported, it is not stated that a placebo
was used. The only significant difference claimed is for
bronchiolitis severity, a subjective measure. For an
efficacy claim to be based on a subjective measure,
potential observer bias must bz eliminated by the use of a
placebo. No virologic efficacy demonstrated.

Edelson: The data for this submission were reviewed by me 10/16/84. A
statistical analysis has now been performed. The following problems

_ __remain: 1) I cannot tell who received placebo from case reports or

other investigator data; 2) No investigator data provided for RSY

status of and 3} At least one RSV negative patient is
included in analysis of efficacy of supplemental 0;; 4)
Investigator's data for zupplemental 02 not shown or
disagrees with summary (__ both admissions);5) admitted and
enrolled twice in one month. First enroliment was unblinded.

was switched to ribavirin open protocol after 7d, but recorded as
having 15d 02 as part of placebo group. was admitted twice and
analyzed once. Data for ond admission do not explain why drug was
discontinued and resumed and do not show duration of 02 use.

6) RSY-1gE investigator data are not shown.
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The sponsor will be asked to address these problems and present a
corrected, verifiable summary.

Conclusfon:  Studies showing only incremental improvement in illness score,

Sa0p, or pulse do not provide clinically meaningful evidence
of efficacy. Hall I and Edelson do not provide evidence of
efficacy as submitted., If all problems in the latter studies
are addressed by sponsor, efficacy may be demonstrated in fewer
than 50 subjects. Because of ribavirin's activity in vitro and
the opinion of many experts in pediatric infectious diseases, I

, believe this drug could be shown to be effective. However, data

+ to support this belief have not been submitted to FDA.

‘£:Tj7:;;KQL«4;\, ;JéZAéiaa/j;//
Yictoria Schauf, M.D.
cc:
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tledical Nfficer's Review/#3\ of KDA 18-85
Admencment| 34

Recefved by Reviewer: 12/20/84
Completed by Peviewer: 12/27/84

Applicant: yir-tek
?¢. aorth Vincont Avenue

Covina, CA 27122
Name of Drug: Ritavirin
Clinical Stucies:
Hall - Studv i:

1) This submiscion established that the investigator states that all
control patients did receive a placeho (water) aerosol.

2)  Tiis subrission oxplains satisfactor{lv how the 4 ncint {11necs scale
data were nerged with 10 pnint scale data,

p
[3)  Heuever, the submission does net explain satisfactnrily *he bac{s for
including 1nfants with cardiovascnlar and/or 1ung disease. Several K
patinnts should have been excluded; housyer, they ara ocually e

L

distributed hetveen the tuo qroups. N

{ 1) Stpiling errors bave heen reported, Saveral cases have feen i
: mistakanly assfaned tn placeho ar ribavirin arcup. This 1s said to
N ha corrected in the oresent submission, -

RY It is still not possihle to verify 11lness scores far the admissfen

! day from tha case repert forms, Thrse admissinon data ara required to
{ see 1f the differences on dayvs feur and five of therapy can he

\ attributed to drug ar {f hey nay bave bean present hefore druqg vias
administered. Nav ane data cannot he used hacause nn dav nne the

. qrorng yere different. The spansor w11 e so petifiad, N
L A
- L&) The PaNp and Sa02 data in {his submission nften do nat acree vith \\
- that sheun on the case reports forms, S
s . \‘ 4 . ‘.\
[ fverall Swmmarv:  HR can be used whon data vera ant reportod, towever, Tahle \
(Hwend( 1??) ? and other tahulated data are shown without statistical /
o analysis, and this is unaccrotahle, pd

~.

bnnclusion: Sufficient data to verify efficacy claims are still lacking.

' Victoria Schanf, M.D,
cc:

Orig MDA
HFt1=015
HFN-RY A /05N |
hFN=3AN
(pm/-fU?kSoaﬁ%;ilyﬁéy/yg‘

3799 7. .



Medical Nfficer's Review/#3\ of HDA 18-859
Admendment| 34/,

Recefved by Reviever: 12/720/84

Completed by Peviewer: 12/27/84

Applicant: Yiratek
222 Morth Yincent Avenue

Covina, CA 27122
Name of Drug: Ribavirin
Ciinical Studies:
Hall - Studv I:

1)  This submiscion established that the investigator states that all
contrel patients did receive a placeho (water) aerosol.

2)  This submission axplains satisfactor{ly hou *he 4 peint {11necs scale
data were nerged with 10 pnint scale data,

! 3V teuever, the subnission does not explain satisfactorily the basfs for
i including infants with cardfovascular and/or lung disease. Several
patinnts should have heen excluded; houever, they are ccually

. distributed between the tuo qroups.

1} Seriliing errors have been reported,.  Several cases have reen
mistakenly assfaned tn placeho or ribavirin aroup. This fs said to
he corrected {n the present cubmicsion.

&) It is sti11 not possible to verify 11'ness scores for the admissieon
day from tha case repert foerms, Thrge admission data ara requirad to
sre if the differences on days feur ana five of therapy can he
attributed to drug or {f they nav bave bheen pracent before drug vas
administered., Nay apne data cannat he used hecayse nn dav one ‘he
qrorns yere different.  The spanscr w111 he so petifiadi,

&) Tie P and Sad2 data fn this suhmission after do noat acree with
that saoun on the case reports forms,

Nverall Sommary: M can he nsaq whop data vera nat reported.  tovever, Tahle
(Nmend. 17)) ? and other tahulated data are shown without statistical

aralysils, and this is vnaccrotahle,

Cenclusion: Sufficient data to verify efficacy claims are still lacking,

Victorie Sehanf, D,
cc:
COrig MDA
HF =016
HEN-R1G /09N
HFN-3AN
YV ;.'/.s‘//se-m,-‘/.; ‘. I_s////y/_fr.s“'
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Medical O7ficer's Reviewff4Jof NDA ]8-859
Amendmenqégp. 30, 31, 33, 3 ///

Applicant: Viratek
222 North Vincent Ave.

Covina, CA 97122
Name of Drug: Ribavirin

Clinical Study:

Dr. Taber 1981-82:

Previously reviewed by Dr. Canchola, November, 1983 and by me
December, 1984. For the first time, case report forms have been
provided. Many of thr : are poorly labeled as to who made the
observations, whether wr not the observations were blinq, and which
days and cates of illness the observations took place. The only
significant difference claimed is in day 3 bronchiolitis severity, a
subjective measure. The present submission documents the use of a
placebo. However, many of the recorded bronchiolitis scores are by .
the "unblinded" observer. For example, "blind" bronchiolitis scores
are available for days 0, 1, 2, and 3 for only 3 of 14 placebo
recipients and for none of 12 treated subjects. This clinical data
formed the basis for an article in Pediatrics 72: 613, 1983. There
is some discrepancy between the grticle and my own review based on
the hlinded case report data as follows:

Blinded Day 3 Bronchiolitis Score

Taber et al., Pediatrics, 1982 FDA reviewer
and NDA Vol. 1.3 p Al1004-6

No. patients Mean Score No. Case reports Mean Scor
Ribavirin 7 N 8 Bk
Control 10 1.3 11 1.4%%
* -« P = 0,044 Wilcoxon rank sum test, 2-tailed
** - P = 0,074 Wilcoxon rank sum test, 2-tailed
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An antiviral effect was not detected during study days 0-4.
Convalescent RSV neutralizing antibody titers wer- higher in controls
than {n ribavirin recipients. The basis for thi. fference is
unknown. Possible explanations are: 1) more or longer viral
replication in controls, or 2) suppression of B cells in ribavirin
treated subjects. It is not known whether this antibody would be
protective, would mediate irmmunopathologic Tesions or would have no
effect.

Conclusion: The evidence for ribavirin efficacy in the Taber study
is marginal at best.

Dr. Edelson:

Hall

Previously reviewed by me 10/84 and 12/84, The efficacy claim was
based on decreased requirement for supplemental 02 in ribavirin (5)
as compared to placebo (6) subjects in the high risk group. However,
the ribavirin group does not contain 5 evaluable subjects, as noted
below:

1) did not have RSV + culture or IFA.

2) was hospitalized only one day according to case report
forms and p. 884, vol. 5.5 of NDA. Therefore, 4 days
supplemental 02 use cannot be verified and treatment can
have taken place for no more than one day.

Additionally, (placebo) has no data shown to support RSV
infection. There are too few evaluable patients in ribavirin group
on whom to base an efficacy claim. The importance of the possible
ribavirin effect on RSV-IgE is unknown since the role of RSV-IgE in
the pathology of RSV disease is speculative at present.

Conclusion: The Edelson study does not support the sponsor's claim
of efficacy. ’

I:

Previously reviewed by Dr. Canchola 11/83 and by me 12/18/84 and
12/27/84. The present submission (Amendmenté§§)>summarizes baseline
illness scores. Placebo and ribavirin subjects did not differ at
baseline. Thus, it is very likely that the difference in illness
scores during treatment is due to ribavirin. Data have also been
submitted (Amendmentggg» from an experiment conducted at Baylor in
December, 1984 which ‘sdpports the cgaim that ribavirin is heat stable
at 650C for 30 min, These data support Lr. Hall's conclusion that
an antiviral effect was shown and was not an artdfact produced by
carry over of ribavirin in nasal wash. Previous submissions did not
satisfy this point.
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(onclusion: Hall I constitutes a well-controlled demonstration of
botn clinical and virologic efficacy of ribavirin.

Summary of Clinical Studies:

(1
(2)

(3)

(4)

(5)

Hall I - Demonstrates ribavirin efficacy.

Hall I1 - Groups differed at baseline in illness severity. Only
incremental changes from baseline were shown.

McIntosh -~ The claim for efficacy is based cn a 1.7 point advantage
on a 22 point artificial scale, is miniscule, and is not a meaningful
clinical endpoint. This scaie was partially subjective and no

placebo was used. The claim for antiviral efficacy was based on
viral antigen detectijon, not culture of infectious virus.:

Parrott - The statistically significant temperature differences are
trivial and of no clinical importance.

Taber 1981-1982 - Marginal evidence for efficacy in bronchiolitis
score (0.8 vs 1.4, p = .074). Possible effect on RSV neutralizing
antibodyv.

Taber 1983-1984., Not evaluated for efficacy.

Edelson - Only 3 ribavirin subjects are evaluable in group for which
efficacy is claimed. Possible effect on RSV-IgE antibody.

Sponsor summary of 11-20-84, Claims of efficacy based only on
differences in improvement in parameters which themselves cannot be
shown to differ between the groups is not clinically meaningful.

Although ribavirin may be effectivec for RSV infection, the sponsor has, with
one exception, submitted studies almost guaranteed to fail to show efficacy
because of their design, implementation, and/or reporting.

Some examples of the problem follow: ?5%
1) Very small numbers for study groups (e.g. Edelson). “(“K\
2) Heterogeneous protocols and study populations preclude pooling data \\
from small studies (e.g. McIntosh/Edelson).
3) Randomization hard to achieve with very small numbers (e.g. Hall I1).
4) Pressure to put “"sick" babies on compassionate use prototcols instead Q‘

of randomizing, resulting in small, selected populations for 4
controlled studies (e.g. Hall II). @)
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5)

6)

10)

Lack of clearly stated hypothesis to be tested. Use of subjective
endpoints.

Failure to determine tha* drug concentration delivered to site of
infection is virustatic,

Varied nodes of drug delivery. Difficulties in administration per
ventilator (“rain-out", pressure effects) (e.g. McIntosh).

Possible instability of drug during manufacture of final dosage form.

Study designs with unequal numbers in control and trestment group
make it harder to achieve statistical significance (e.g. Parrott).

Incomplete and inaccurate recording of data on case report: forms (all
studies).

Even Hall I, which was acceptable for proof of efficacy, required multiple
requests from FDA to sponsor to provide the necessary supporting data. Safety
monitoring was very limited in all the clinical studies.

Recommendation:

(1)

cc:
Orig NDA
HFN-815

Disappproval unless Dr. Taber can satisfactorily explain
discrepancies in data in Pediatrics versus case report form data.

Any new studies should take into account the detailed critique Tisted
above.

P
R
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Victoria Schauf, H.D.

cr 2l

HFN-815/CS0

HFN-340

HFN-815/VSchauf: js/1/17/85
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Medital Officer Reviewifsjyf DA 18-859
March 13, 1985
Applicant: Viratek .
22 North Vincent Avenue
Covina, CA 97122

Name of Drug: Ribavirin aerosol

Pharmacologv Reviews by Norma Browder, Ph.D.

Dr. Browder has reviewed ribavirin aerosol as follows:

18-859 ~ 3/26/84
18-859 - 7/29/83

AN - 7 c \
/

( Additional pharmacoloqgy reviews of preclinical studies of ribavirin were

- prepared for NDA 18-266 and Developing
\-lung study in ferrets is still incomplete and, thus, not reviewed. -

Pharmacolagy

Tnis agent is virustatic in vitro against a broad spectrum of viruses,
including respiratory syncytial virus. The mode of action is unknown;
however, intracellular nucleotide pools are perturbed, and viral RMA
polymerase may be affected, as well as viral m-RMA., Pharmacokinetic data
in humans are extremely limited partly because of difficulties in assaying
for ribavirin in biological specimens. Using a RIA, Connor reported
results in Lassa vever patients of McCormick receiving 1000 mg/d (15
mg/ka/d) PO in three divided doses. Mean concentration for four subjects
2.5 h post-dose was 31 uM. Lassa patients treated IV achieved mean plasna
concentrations of 94 uM after 1000 mg doses anc 68 uM after 500 mg doses.
Long~term ribavirin aerosol therapy in pediatric patients led to plasna
levels similar to those achieved with 1000 mg/d PO. Studies of ribavirin
aerosol showed plasma half-lives of 6.5 - 11.0 hours. Longer half-lives
have been reprarted with other regimens. It is suggested that the long
half-life may be explained by a three compartment madel with slow release
into plasma and clearance by kidney; however, there are no data avaiiable
to the reviewer to substantiate this possibility. Data to support use of
the RIA for ribavirin quantitation are incomplete. (See pages 2-3).

The drug is metabolized anu metabolites are excreted primarily in the
urine of experimental animals. No data on metabolism/excretion in man are
available to this reviewer. There is evidence for accumulation of
ribavirin in RBCs in man and in experimental animals. This accumulation
may be responsible for the hematologic toxicity of the drug.
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No effect levels for parenteral, oral, or aerosol ribavirin have nct been
established in any specles of animal. Thus, the pharmacology reviewer
could not reconmend an appropriate dose for buman use. Even if a dose
were established, without a well-established ribavirin assay, it would be
a problem to determine the bicavailability of the aercsolized material.

Hematologic toxicity occurred at 30 mg/kg/d in monkeys receiving
parenteral ribavirin and at 30 mg/kg/d in dogs receiving enteral ribavirin
in subacute toxicity studies. In these dog studies, marraw effects were
detected at the same dose. In subacute studies, lcw doses of ribavirin
produced embryotoxicity, fetal deaths, and teratogenic effects in

rodents. Effects on retina, myocardium, and epicardium were also noted.

~n chronic studies, enteral doses of 30 mg/kq/d produced hematologic
toxicity in rats and nonkeys and 16 mg/kg/d produced gonadal toxicity and
affected the thymus 1n rats.

Squirrel monkeys treated with 40 mg/kg/d ribavirin aerosol for 22 hr/d for
4 days showed increased respiratory rates, aremia, and histopatholoqgy
noted in liver, kidney and pancreas. Chronic toxicity studies of the
aernsol in the devefoping ferret lung have not been completely reportec to
FDA.

Carcinogenicity and rmutagenicity studies are still in review; the drug is
mutagenic and carcinogenicity has not been ruled out.

Ribavirin has both increased and decreased imnune responses in
experimental animals and in man.

Amendnent @2 )

Sections 1-5 Ribavirin RIA and pharmacokinetic studies

Investigator pharmacokinetic data have been submitted and do confirm the
published case reports. The reported ribavirin concentrations determined
by RIA are limited to a few subjects. ODuring a pharmacokinetic study,
derosol was discontinued in one subject due to cyarosis, respiratory
distress and possible seizure. Ho form 1639 was submitted. Pre-dose
specimens contained ribavirin in two subjects. Respiratory tract
secretions containmed extramely high concentrations during treatment (as
high as 113,000 uM). One subject received "hand nebulized" ribavirin; the
reasons for this and for discontinuing administration by respirator are
not given. Death occurred during this treatment; hawever, no explanation
or form 1639 were submitted.

The ribavirin RIA was not compared to another analytic technique to
determine sensitivity and specificity. However, standard concentrations
of 1-10 pmolcs/100 ul were reproducibly detected. Some baseline
(pre-drug) specimens have been reported to contain ribavirin, indicating
either nonspecific reaction in RIA or mistiming of the specimen. The
assay does detect at least one ribavirin metabolite.
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Conclusion: Pharmacokinetic data are very scant and determined by an
2ssay which has not been shown to be specific for the drug. Respiratory
tract concentrations of ribavirin during aerosol treatment are
astronomical. In experimental animals, ribavirin was toxic ¢o embryos and
fetuses and was teratogenic. The pre-clinical and clinical toxicities so
far are consistent with the effects of the drug on nucleic acid
metabolism. Until further animal data are obtained, ribavirin
administration should be limited to patients at high risk, to those who do
not have self limited disease, or to small numbers of well-informed
volunteers for research. Monitoring should include CRC with red cell
indices; bone marrow examination and haptoglobin determinations should be
performed when anemia develops.

Amendment{ais SPAG~2 Manual

See reviews from HFZ-430. In addition, the final manual should include
the final ribavirin package insert. The manual should specify how often
the equipment should be cleaned and sterilized and how it should be
monitared for contamination by potentially pathogenic nosocomial crganisms
{e.q. Pseudononas aeruginosa;. It should be specified how the
non-autoclavable connections should te sterilized. A warning should be
inserted to indicate the necessity for air to be supplied when the aerosol
is in use. "Breathing air" should be defined. It should be specified how
often the one-way valve in the inspiratory line should be changed. The
effect of turning off the drying chamber (as recommended for use with
ventilators) on aerosol size, drug delivery, and hiocavailability need to
be assessed. In the manual, there should be discussion of how to deal
with the problems of rainout and of using equipment in patients with
extreme tachypnea.

Conclusion: The November, 1984 SPAG2 Manual requires revision as noted
above.

Clinical Background: Ribavirin has been studied in

aerosol forms for a wide variety of human infecticns, including

herpes simplex, hepatitis, sespiratory syncytial and
parainfluenza virus infection, and Lassa fever. The drug is licensed in many
countries. To date, there has been little toxicity reported with ribavirin
use. An Jjust received by this reviewer says that subjects receiving high
IV doses for Lassa fever experienced a 20% reduction in hematocrit; data were
not submitted. Anemia has been reported to occur both as a result of
hemolysis and of marrow depression.

Experience with ribavirin has recently been summarized and/or referenced in
CLINICAL APPLICATIONS OF RIBAVIRIN, a book hased on a symposium sponsored by
Viratek and edited by some of the developers of the drug, Robert Smith and
Vernon Knight (Academic Press, 1984). (Dr. Knight is also reported to have a
financial interest in the aerosol drug, because of his role in developing the
delivery system).
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Related INDs and NDAs

e ———

-

~—C1inie4l Studies, Efficacy - See MORS(#1l-4yand Dr. Canchola's NDA review of
TI-14-84 for additional reviews of clinica studies.

Dr.Taber study 1981-82:

Mat with Drs. Taber, Knight, Gilbert. and Fernandez reqgarding

_discrepancies between FDA review of their data (Sea MOR{#4) and
Padiatrics' article and surmary submitted to FCA.  The invesrigators
provided an acceptable explanation for their data summary, and 1 now
accept their data, as follows:

Blinded Day 3 Bronchiolitis Score

No. Patients Mean Score
Ribavirin 7 .6
Control 10 1.2

The previous discrepancies occurred because a clear definition of day O,
day 1, etec., had not been provided to FDA or to the blinded observer.
Using this definition and dates on the case report forms, the data could
be verified.

These data provide evidence for the efficacy of ribavirin aerosgl for
bronchiolitis due to RSY infection.

Conclusion: Hall I (See MOR 3 and 4) and Taber 1981-2 show that
Yibavirin aerosol is effective for infants with lower respiratory tract
infections due to RSV infection. Although the statistical reviewer has
some valid statistical criticisms of these studies, the overall clinical
conclusion is that they are acceptable for demonstrating efficacy.

Clinical Studies, Safety

Experimental Respiratory Syncytial Virus Infections in Young Adults. Hall,
et al 1981.
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Placebo and ribavirin aerosol groups were similar before and after 3 days
treatment: as judged by safety parameters, including CBC and SMA-12.

FVC was reported to decrease after ribavirin; however this result and
other pulmonary functions were claimed not to differ significantly between
placebo and ribavirin recipients. First and last RSV isolates from the
subjects had similar sensitivity to ribavirin. Case report forms had no
place to record virology data, pulmonary function results, or adverse
reactions.

Conclusion: The drug did not affect CBC or SMA-12 and there was no
adverse effect on lung function in normal adults. Resistance to ribavirin
did not occur.

RSV Infections in Children
Hall, et al. 1982 (First year of Hall I).

No safety data or adverse reactions recorded on case report forms or in
summary. These have been requested from Viratek without response.

Hall, et al. 1983 (Second year of Hall I)

Case report forms have no place to record adverse reactions. Few subjects
had blood work after admission.

Hali I Conclusion: Submission does not provide adequate data to support
claiin of safety.

McIntosh, 1982-1983.

When ribavirin was delivered via a Health- yne time-cycle pressure limited

ventilator., a® enormous amount of fluid "rained out" in the tubing before

reaching the patient. The pressure wave was significantly altered by the

nebulizing apparatus. Gas exchange improved while off the nebulizing

equipnent. The effect of humidification on the aerosolyzed particles may

be to preclude its delivery to the lung. Limited data on CBC and bl-d
——————chemistry were unremarkable.

Conclusion: Significant difficulty was encountered using ribavirin "
aercsol for ventilated subjects.

Taber 1981-82

CBC and chemistry were studied at admission, discharge, and follow-up in
ribavirin and placebo recipients. There were no inportant differences
between the groups at any time foi any parameter. The data from the case
report forms agreed with the summarized data.

chemistries. — _—

—————————Lonclusion: HNo toxic effects were noted as judged from CACs and
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Hall 1I, 1983-4:

No safety data are summarized. This has been requested of the sponsor
repeatedly. Almost no repeat b.ood work was done. In one case a repeat
hematocrit showed a 10 point (25%) drop, and nc explanation or discussion
is given.

_Conclusion: {PThis submission does not support the sponsor's claim ofégg

gﬁrlﬁaVLrin's “éfetx&)
Y
?}aber III, 1983-4:
No case report forms have been provided. However, the summarized results

of CBCs and chemistries for 20 subjects did not show any important
abnoimalities,

Amendmengégz - Section 6?5
<

Summary of safety data from several clinical trials showed the following
new information:

1. Parrott and Edelson trials - no significant difference before and
after ribavirin for mean hemoglobin, hematocrit, SGQOT, SGPT,
bilirubin or BUN.

2. Marked reticulocytosis after ribavirin in 2 subje~ts (8.3, 6.3) from
Knight and Edelson trial. Reticulocytes not summarized for Parrott
study.

Compassionate Use

Summary of data from 86 compassionate use cases states there is '"no
evidence of side e¢:fects or adverse reactions attributable to ribavirin
therapy". However, case reports note the following events which are
associated with ribavirin use and cannot be attributed to other causes
with certainty. Therefore, these are possibly related to ribavirin.

~“These events include: pneumothorax (3), hypotension (2), death (2),
cardiac arrest (1), increased requirement or other worsenirg in blood
gases or respirator settings (6), apnea (1), clinical and/or radiologic
deterioration (1), relapse (1), or development of respirator dependency
(1). In addition, three physicians reported lack of efficacy and two®
reported technical problems with del..very of the drug.

O\
AConclusion:&%The sponsor is not entitled to claim no side effects or
adverse reactions. Further data are required to determine the frequency.

and significance of these problems. The drug clearly lacks efficacy in,

some patiernts.

———*0ne of these physicians was this reviewer. The experience occurred

prior to joining FDA. The report was made after joining the FDA,
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Amendment(§2 - Section 5;3

At my request, Viratek surveyed some of its physician investigators and
provided responses from Drs. McIntosh, Edelson, Hall, Rodriequez and

Knight as follows: .

1. Ribavirin resistance has not been observed in any of 4 serial RSV
isolates from an immunodeficient child cver two months during which
three courses of aeraoscl treatment were administered (McIntosh, data
not submitted); in any of 70 RSV isolates before, during, or after
ribavirin treatment (Hall, data not submitted); or for
(Knight, number specimens and data not submitted). For
the TCIDsg in posttreatment specimens was twofold higher than
pretreatment (Knight, number specimens and data not submitted).

Conclusion: Resistance of RSV to ribavirin has not yet been
observed. Further observation, post-marketing, would be important.

2. Ribavirin (or placebo) was discontinued during trials (but not
specifically reported to FDA until now) because of rash (one child,
not necessarily ribavirin related as other drugs were also given),
clogging of respirator tubing (ome child), lack of clinjcal
improvemnent and transfer to open drug (one placebo, one ribavirin
recipient), cardiac arrest due to apnea (one child, first in control
group, then open drug), extreme tachypnea making interfacing with
ventilater aifficult (one child, who died a "few days" later). HNot
reported here in response to my query is a child who had ribavirin
discontinued oecause of cyanosis.

Conclusion: Although the sponsor ciaims no adverse reactions or
problems have ever occurred with ribavirin, rivavirin therapy has
been discontinued for the following reasons: rash, cyanosis, lack of
clinical imprcvement, cardiac arrest due to apnea, clogging of
respirator tubing, extreme tachypnea causing difficulty interfacing
with ventilator. Although none of these events are definitely
attributable to ribavirin, only one (lack of clinical improvement)
was reported in a control patient. Further observation will be

~ mandatory.

3. Two patients experienced pneumothorax while receiving ribavirin,
during trials, although pneumotharax was not attributed to ribavirin
in either case. HNone was reparted in controls. Other cases of
pneumothorax occurred in compassionate use cases.
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Conclusion: Further abservation for pneumothorax is mandatory.

4. There are no data concerning interaction of ribavirin with frequently
used concomitant medications such as antibiotics or branchodilators.
Case report forms did not have a place for concomnitant medications.

Conclusion: Studies should be undertaken to assess possible drug

interactions.

5. Ho data showing effect or lack of effect of ribavirin on respirator
settings has been submitted.

Conclusion: Data are required regarding effect of ribavirin on
respiracor settings. This could be obtained from compassionate use
cases before, during, and between ribavirin administrations.

6. HNo data have been submitted ¢ ~~erning long term safety as judged by
pulmonary function tests. Ors. McIntosh and Hall have pointed out
the necessity of such studies.

Conclusion: Infants in ribavirin protocols should be recalled for
pulmonary furction tests as soon as they are old enough to
cooperate, Infants studied in 1982 may be old enough to participate
even Now.

7. Dr. McIntosh raises the issue of occupational exposure to ribavirin.
This is of particular concern for pregnant women because of the
teratogenicity of the drug.

Conclusion: Blood of personnel carina for recipients of ribavirin
aerocsol should be measured for ribavirin., This should he dane now in
centers with multiple compassionate use cases.

Form 1633: The sponsor claims "no «dverse resctions noted in any
treated patients".

Conclusion: This is incorrect as noted above.

Pulmonary Function Studies: HNo investigator data have been provided, in
spite of several rejuests te the spomsor. 7The sponsor's sumnary, taken
directly from Hall et al. JAMA 249:2668, 1983, indicated minimal or no
changes due to ribavirin in pulmonary functior values before and after
carbachol challenge of adults with experimental RSY infection. The
sponsor claims that no adverse effect on pulmonary function occurs in
infants treated with ribavirin, since they do no worse than other infants
as judged by 5302 and duration of illness. However, no functional
meansurements have been made, and the clinical detericrations noted in
previous sections have not been acknowledged or explained by the sponsor.

-No measurements of pulmonary function were submitted in subjects with

underlying lung disease, However, published reports (in CLINITAL
APPLICATIONS OF RIBAVIRIN) do incicate a worsening of lung function with
ribavirin. These data should be subnmitted.
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Conclusion: Ribavirin has not been evaluated in a fashion which would
detect adverse effects on pulmonary function if they did occur. Children
from tha treatment and contrel groups of the early ribavirin trials should
be recalled for pulmonary function testing. Pulmonary functiqns should be
measured before, during, and after treatment in future study and
compassionate cases who are old enough to cooperate. Case report forms
should be designed prospectively and allow for description of patient
clinically and by blood gas determination and ventilator settings vefore,
during and after ribavirin. Data on hand from asthma and COPD should be
submitted.

!t
Amendmentf}az - Section 15 }
- 1

The spaonsor claims that condensation in the inspiratory line of
respirators resuiting from use of highly humidified gases plus cooler air
from SPAG-2 is unavoidable and of "little or no clinical significance."
This claim is unsunstantiated.

Conclusion: The eftect of rainout on ventilator and pulmanary performance
should be measured in subjects by recording ventilator settings, blood
gases, and pulmonary physical findings in the presence and ahsence of
rainout due to ribavirin use. Additionally, the effect of rainout on drug
delivery and bioavailability needs to be measured.

Overall Evaluation and Conclusions: Ribavarin aerosol efficacy and safety
have been demonstrated in the following adequate and well-controlled studies:

1)  Hall I - Infants with lower respiratory tract infection due to RSV
nad significantly lower illness scores and viral titers in ribavirin
group as compared to nlecebo group.

2) Taber/Knight - 1981-2 - Infants with bronchiolitis due to RSV had
significantly lower bronchioclitis scores on day 3 in ribavirin group
as conpared to placebo group. There was no hematologic, hepatic, or
renal toxicity associated with ribavirin use.

3)  Hall - Adults with experimental RSV infection treated with ribavirin
had a decreased proportion with viral shedding days on 6-9 as
conpared to those treated with placebo. o changes in pulmonary
function (data not submitted) oy toxicity (CBC, SMA-12) were noted.
Systemic synptoms and fever were less in ribavirin than in placebo
recipients.

Supportative efficacy data come from Hall Il and McIntosh which showed
decreased viral titers and viral antigen respectively in the ribavirin group
as compared to the control group. Supportive safety data came from the
Parrott and Edelscr trials (hematology and liver function).
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Recommendations This NDA is approvable if the following deficiencies are
satisfactorily addressed:

1. Provide satisfactory data so that the carcinogenicity of ribavirin in
suitable experimental animals can be judged. This can be addressed
post-marketing.

2. Provide complete data so that ferret study of developing lung can be
reviewed. This can be addressed post-marketing.

3. Satisfy deficiencies noted by pharmacology (post-marketing) and chemistry
pre-marketing) reviewers.

4. Revise SPAG-2 manual as indicated on p. 3, prior to an appraovable letter
being sent.

5. Assess effect on drug delivery of turning off drying chamber (as
recommended for use with ventilators). This needs to be addressed
immediately.,

6. Prior to an appravable letter, submit data prospectively collected fronm
study and compassionate use subjects befare, during, and after ribavirin
aor placzbo as follows: time treatment benun, time ended, timing of
interruptions of treatment, pulse, respiratory rate, temperature,
respivatory effort, presence or absence of cyanosis, retractions,
grunting, apnea, pneumathorax, hypotension, cardiac arrest, death; bloed
gases; development of respirator dependence; respirator settings, PEEP,
occurrence of rainout, collection of crystals in respiratory eaquipment,
use of SPAG-2 drying chamber; any adverse effect mot definitely explained
by something other than ribavirin cr SPAG-2 in the investigator's opinion.

7. Report all patients for whom ribavirin aeroscl protocols or compassionate
use had to be discontinued before the course was completed and give reason
why. This must Le addressed immediately.

B. Prior to issuance of an approvable letter, submit a Safety Update
including all adverse effects to date not definitely explained by
something other than ribavirin or SPAG-2 in the physician's opinion,
Commit that they will submit in their annual reports all adverse effects
to date not definitely explained by something other than ribavirin or
SPAG-2Z in the physician's opinion.

9. Some subjects from the earliest trials are now old enough to cooperats for
pulmona;y function testing. They should be evaluated to assess long term
safety in developing hunan lung. Sa02 alone is not sufficient.

10. Submit investigator data on lung function with ribavirin in asthma and
COPD, prior to receiving an approvable lette.
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13.

14.
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Because ribavitin is teratogenic and is administered by aerosol, personnel
caring for recipients (and/or those exposed in its manufacture) should
have blooa assayed for ribavirin during and after exposure. Between 20
and 40 people should be studied, pre- or post marketing. If mo drug is
absorbed, no further studies would be needed.

Justify the claim that rainout with ventilator and SPAG-~2 is "uynavoidable"
and of "little or no clinical significance," prior to receiving an
approvable letter.

Prior to receiving an approvable letter, summarize in verifiable format
and provide investigator data to show whether or not dilutional
hyponatremia or weight gain cccurs with use of SPAG-2 with or without
ventilator. Alternatively, collect this data prospectively.

Because of 1its mutagenicity, teratogenicity, and potential
carcinogenicity, ribavirin aerosol use should be limited to patients with
underlying diseases known to put themn at high risk and to those who do not:
have self-limited disease. In research protocols, use should be limited
to small numbers of well-informed volunteers.

Submit & protocol for compassionate use of ribavirin for subjects wha do
not have an indication for ribavirin.

Items 3-8, 10, 12, and 12 above explained to Dr. Staffa during telephone
COﬁVersatiOﬂSKOn 3/12/85@%
Y 7

In acdition, it would be important for this and future ribavirin INDs and NDAs
to have th~ following satisfactorily addressed:

Inprove specificity of ®IA for ribavirin or develop more satisfactory
assay.

Assess potential gonadal toxicity in human.

Dgtermine if any physical, chemical, pharmacclogic, toxicologic, or
virologic intcractions occur between ribavirin and other drugs which are
frequently used in the settings proposed for ribavirin.

Assess anemia if it occurs with ribavirin use with haptoglobin
determinations and bone marrow examination.

Prospectively develop case report forms for all studies. FPraovide space to
record all adverse reactions during treatment and space to indicate the
investigator's opinion of the role of ribavirin in the adverse reaction
(definite, probable, possible, definitely no role).

Increase surveillance for ribavirin resistant viruses.
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7. If it is intended to extend indications to include patients with
celf-limited RSY lower respiratory tract disease, provide an explanation
and data as to how ribavirin could be used without greatly ingreasing

costs, by extending the hospital stay, virology laboratory costs, or the
rate of hospital admission for children with mild-to-moderate disease.
Alternatively, justify such increases. Indicate how thic would affect
labeling.

8. Provide bioavailability data for aerosol delivered by mask, hood, and
endotracheal tube in neonates, infants, children, and aduits.

7
i
Victoria Schauf, M.D.
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Acdendun to rem@s\f

March 28, 1985

Sponsor: Viratek
222 North Yincent Avenue
Covina, A 91722

Rame of Drug: Ribavirin (Virazole) Aerosol

1 . Tabel' 1981"2 .

I held a meeting with the investinators and sponsor to examine the
apparent discrepancies between their report of their data and my review of
it. They explained that the blind observer and I had used a different way
of determining the study day than had been used in the data analysis. 1In
the fornmer case, day one was the first 24 h on drug. In the latter case,
day O wac the calendar day treatment was beoun (ending at midnight) and
day one was the calendar day after day 0. Using the latter definition, ny
Teview of the cases agrees with the data summury submitted to FDA.

2, As noted in HGR(}Q the McIntosh study indicates a decrease in RSV antigen
in ribavirin as compared to placebc recipients and supports the clainm of
efficacy. tHowever, on further review, much of the RSV antigen data is
missing from the case repart forms. To verity this claim, I have
requested the data from the sponsor,

Victoria Schauf, M.D.

ce:
Orig WpH .- F
HRN-815 :

HFN-815/CS0

HFi=-340

HFY-815/VSchaut: §8/3/28/85

3534b




Medical Officer's Review(# 6)of MDA 18-859

AMENDMENT 48 )

___-,___-Jq-——

Mane of Sponsor: Viratek
3300 Hyland Avenue
Costa Mesa, California

tlame of Drug: Ribavirin (Virazole) Aerosol

-
This submission is a revision of the SPAG-2 manual (Amendmenﬁ 41), This
reviewer has still not been aple to see the review from HFZ-430. Or. Taylor
is also reviewing Amendments (4l and aa};'Most of the deficiencies noted 1in;
{ MOR #5 (3-13-85) and conveyed to DT. Staffa by me on 3-12-85 Dy telephone /
\;emain. Further deficiencies have become evident in the present reviewa;/

Recommendation:

pefore an approvable letter is sent, satlisfy the following:

L. Add a warning to indicate the necessity for air to be supplied when
aerosol is in use 1In section G as well as section H. Label both so that
they stand out and will not be missed.

ro

Althought it is stated that "the wetted parts are sterilized after each
use", it is not clear what is meant by "use". Daily sterilization would
he a minimum requirenent.

3. Specify what kinds and concentrations of aisinfectants aie sultable for
cleaning after patient use.

4., Add to the SPAG-2 manual the response that hospital persornel should
follow standard or established procedures for monitoring bacterial

contanination of nebulizers and that "no speclal or additional
monitoring" is required for the SPAG-Z.

5. Put a section in the SEAG-2 manual for the virazole package insert.
6. Specify procedures for sterilizing the connectaor that cannot be
autoclaved. Provide data that this procedure 1s effective and does not

damage the connector.

7. The revised manual has no figure oI diagrams. Indicate if these are to
be the same as in Amencdment 41.

8. Indicate how ofte.. the one-way valve needs to be monitored for
precipitation.
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10.

11.

12,

13,

l4.

15,

17.

18.

19.

20.

18-859, Amendment&ﬁéﬁ -? -

rovide data concerning the aerosol produced with the drying

chamber off, including: U3 drug/liter jerosol and particle size.
Explain what MMAD number means and provide data to show this number with
and without drying. Expla'n the statement and provide data to support
the statement that "the absence of drying air flow should not urduly
hamper the afficiency of the SPAG-2 finished device." 1If this 1s so,
explain why the drying chamber 1is incorporated in the PAG-2. Respond,
as previously requested, to the question "How does use of the drying
chamber affect bicavailability?"

Respond, as previously requested, by providing in the manual a
discussion of how to use SPAG-2 in patients with extrene tachypnea.

Alternatively, state that such use 15 contraindicated and label the
statement accordingly.

Justify the absence of a water trap in the SPAG-2 outflow lines.

Identify and explain the revisions in Amendment&fé}which were not 1n
response to my Ieview. "

It will be necessary to remove from the manual all the parts referring
to the ventilator anc to add a warning "Not to be used with ventilator"
unless safety concerns and data previously requested and not yet
received support this use.

Explain how SPAG-2 is tO be connected to and used with . ‘yhood, tent,

and face mask. Provide suggested air flows far each mode of delivery.

Tndicate that compressed gas means air mixed with varying amounts of
0o, if this is the case.

Do you mean apparent flow rate rather than "relative" when discussing
rebulizer air flew? I so, say so. If not, explain.

Indicate need for tubing not provided with machine. Indicate how often
does the tubing needs to be changed.

Indicate how often Virazole needs to be reconstituted and how often
remaining solution should be discarded. Indicate expected ribavirin
concentration at end of use interval.

Explain why SPAG-2 cannot be built so that external knob for nehulizer
flow meter valve does not "disconnect."

Provide cata to show how varying flow between 12 and 15 LPM influences
particle size, drug delivery, and bioavailability.
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21. Explain why drying 4ir chould be of P with ventilator (if this is to be
included). Explain why in some instances 4 minimal flow 1s desired.
Provide same data revuested in 9 for this mirimal flow (1-2 LMP).

o]
o]

provide data to show effect of "one tidcl volume™ on particle size, drug
¢elivery, and bicavailaoility, if ventilator use is to be included.
Similarly, provide data to show effect of condensatiun on particle size,
drug delivery, and bioavailability.

23. Give an example of the kind of one-way valve that is to be used.
Indicate that this is to be provided by the hospital. Indicate 1f it
should be sterile.

24. 1f ventilators are to be included, provide data to shaw how much PEEP
increase is expected from drug precipitation. Indicate this in manual
and specify possible consequences of increased PEEP (pneumothorax,
decreased pulmonary functien). Add a noticable w#arning that PEEP should
be carefully monitored and recorded evecy 15 ninutes.

25, Give an example of the kind of bacterial filter recommended and indicate
that thic is to be provided by the hospital. Provide data to show
whether or not filter affects ventilator functien.

26. Put back in the next draft the section on use of Oz blender.
27. Specify which cocmponents are to be washed.
28. Explain why cleaning procedure for nebulizer nas been changed.

29. Indicate if the ICN telephones are answered on a 24-hour basis.

Y tefon
victoria Schauf, M.D.
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Medical Officer's Review[# €)of NDA 18-859

AMENODMENT 48 )

Mame of Sponsor: Viratek
3300 Hyland Avenue
Costa Mesa, California

Name of Drug: Ribavirin (Virazole) Aerosol

This submission is a revision of the SPAG-2 nmanual (Amencment’ &1), This

reviewe * has still not been able to see the review from HFZ-430. Dr. Taylor

is also reviewing Amendments (41 and as) Most of the deficiericies noted in:
,MOR #5 (3-13-85) and conveyed to Or. Staffa by me on 3-12-85 by telephone !
‘Temain. Further deficiencies have become evident in the present review.. .

Recommendation:

Before an approvable letter is sent, satisfy the following:

1. Add a warning to indicate the necessity for air ta be supplied when
aerosol is in use in section G as well as section H. Label both so that
they stand out and will not be missed.

2. Althought it is stated that "the wetted parts are sterilized after each
use", it 1s not clear what is meant by “"use". Qaily sterilization would
be a minimum requirement.

3. Specify what kinds and concentrations of disinfectants are suitable for
cleaning after patient use.

4, Add to the SPAG-2 manual the response that hospital personrel should
follow standard or eslablished procedures for monitoring bacterial
contamination of nebulizers and that "no special or additional
monitoring" is required for the SPAC-2.

5. Put a section in the SPAG-2 manual for the Virazole package insert.

6. Specity procedures for sterilizing the connector that cannot be
autoclaved. Provide data that tinis procedure is effective and does not
damage the connector.,

7. The revised manual has no figure or diagrams. Indicate if these are to
be the same as in Amendment 41.

8. Indicatz how often the one-way valve needs to be monitored for
precipitation.
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3.

10.

16.

17.

18.

13.

Provide data concerning the aerosol produced with the drying

chamber off, including: «4q drug/liter aerosol and particle size.
Explain what MMAD number means and provide data to show this number with
and without drying. Explain the statement and provide data to support
the statement that "the absence of dryirg air flow should not unduly
hamper the efficiency of the “PAG-2 finished device." If this is so,
explain why the drying chamber is incorporated in the SPAG-2. Respond,
as previously requested, to the question "How does use of the <rying
chamber affect bicavailability?"

Respond, 45 previously requested, by providing iIn the manual a
discucsion of how to use SPAG-2 in patients with evtIeme tachypnea.
Alternatively, tate that such use is contraindicated and lahbel the
statement accordingly.

Justify the abisence of a water trap in the SPAG-2 outflow lines.

Identify and explain the revisions in Amendment! 48 whirh were not in
. X 47
response to ny review. A

It will be necessary to remove from the manual all the parts referring
Lo the ventilator and to add a warning "Not to be used with ventilator™
unless safety concerns and data previously requested and not yet
recelved support this use.

€xplain how SPAG-2 1s to be connected to anad used with axyhood, tent,
and face mask. Provide suggested air flows for each mcde of delivery.

Indicate that conpressed yas means air mixed with varying amounts of
Uo, 1F this 1s the cas..

Do you nmean apparent flow ra. rather than "relative" when discussing
nebulizer air flow? If so, say so. If not, explain.

Indicate need for tubing not provided with machine. Indicate how often
Jdoes the tubing needs to be chanyed.

Indicate how often Virazole needs to be reconstituted and how often
remalning solution should be discarded. Indicate expected rioavirin
concentration at end of use interval.

Explain why SPAG-Z cannot be built so that external knob for nebulizer
flow meter valve does not "disconnect.®

Provide data to show how varying flow between 12 and 15 LPM influences
particle size, drug delivery, and biocavailability.
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21. Explain why drying air shculd be of f with ventilator (if this is to be
included). Explain why in some instances a minimal flow 1s de.ired.
Provide same data requested in 9 for this minimal flow (1-2 LMP).

22. Provide data to show effect of "one tidal volume™ on particle size, drug
delivery, and bicavailability, if ventilator use is to be included.
Similarly, provide data to show effect of condensation on particle size,
drug dJdelivery, and bioavailability.

23. Give an example of the kind of one-way valve that is to be used.
Indicate that this is to be provided by the hospital. Indicate if it
should be sterile,

24, If ventilators are to be included, provide data to show haow much PEEP
increase is expected from drug precipitation. Irdicate this in manual
and specify possible consequences of increased PEEP (pneumothorax,
decreased pulmonary function). Add a noticable warning that PEEP should
be carefully monitored and recorded every 15 minutes.

25, Give 2an example of the kind of bacteri. filter recommended and indicate
that this is to be provided by the hospital. Provide data to show
whether or not filter affects ventilator function.

26.  Put back in the next draft the section on use of 0y blender.

27. Specify which components are to be washed.

28. Explain why cleaning procedure for nebulizer has been changed.

29. Indicate if the 1CN telephones are answered aon a 24-hour basis.

Victoria Schauf, M.D.
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Medical Officer's Review #7 of NDA 18-8 4

April 4, 1985
Anendment 49

Sponsor: Viratek
3300 Hyland Avenue
Costa Mesa, CA 92620

Nane of Druq: Ribaririn (Virazole) Aernsol

Tnis submission is intended to respond to some of the safety issues raised
in HOR(#5) and conveyed by me to Dr. Staffa by telephone on 2-12-85. (' The
/submission is entirely nonresponsive to any of the issues raised, The

(-

\submission largely repeats previous unsatisfactory submissions)

A safety update was requested. Instead of this being provided, it is
ctated that "no evidence of side effects or adverse reactions have been
reported in any patient receiving ribavirin aerosol.” This restates the
problem. The adverse reactions noted in MOR(#5)sti11 have not been reported.
Mo overseas data have been submitted. Several adverse experiences are
described in the submission, but still are being discounted as noted above.

To determine if water overload is occurring with prolonged aerosol use in
infants with immature renal function (as has previously been reported for mist
tents alone), weights or sodium values were requested. Imstead, plasma sodium
before and after treatment were provided. Data are needed during treatment to
assess this risk. -

Conclusion: {This amendment is entirely nonresponsive to the safety issues
Which need to be addressed prior to an approvable 1ette£;>

Recommendation: ig?changed from HMOR #5;}

f;;/— cé;4¢;~1(‘L,(£2;¢£z;%//

ictoria Schauf, M.D,
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Medical Officer's Review #7 of NDA 18-859

April 4, 1985
Amendment 49

Sponsor: Viratek
3300 Hyland Avenue
Costa lesa, CA 92626

Name of Drug: Ribaririn [Virazole) Aeroso)

This submission is intended to respond to some of the safety issues raised
in MOR(#5rand conveyed by me to Dr. Staffa by telephone on 3-12-85, { The)
/'submission is entirely nonresponsive to any of the issues raised. The
gsubmission largely repaats previous unsatisfactory submissionsg -

A safety update was requested. Instead of this being provided, it is
stated that “no evidence of side effects or adverse reactions have been
reported in any patient receiving ribavirin aerosol.” This restates the
problam. The adverse reactions noted in MOR{#5)still have not been reported.
No overseas data have been submitted, Several adverse experiences are
described in the submission, but still are being discounted as noted above.

To determine if water overload is occurring with prolonged aerosol use in
infants with immature renzl function (as has previously been reported for mist
tents alone), weights or sodium values were requested. Imstead, plasma sodium
before and after treatment were provided. Data are needed during treatment to
assess this risk.

Conclusion:”(fhis amendment is entirely nonresponsive to the safety issues
which need to be addressed prior to an approvable lettegﬁ)

Recommendation: gppchanged from MOR #sgf

A

ictoria Schauf, M.D,
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ledical Officer's Review@ﬁof NDA 18-859

April 4, 1985
Amendment 50

Sponsar: Viratek
3300 Hyland Avenue

Costa Mesa, CA 92620

Name of Druqg: Ribaririn {Virazole) Aerosol

This submission consists of an abbreviated protocol entitled, _
“"Protocol for Obtaining Ribavirin Blood Levels from Environmentally txposed
Primary Care Nurses." This should have been submitted (to Sy

As in other submissions, the misstatement that "patientg treated with
ribavirin by the aerosol route showed no adverse reactions" is prominent.

The gpharmacology review is not available at the time of this writing.
No investigator has been identified.

No consent form has been submitted.

Ho case report form has been submitted.

The objective is to determine if nurses caring for patients receiving
ripavirin aerosol absorb the drug., The rationale for this is that the aerosol
for the patient is not contained and will escape into the environment. Ihe
significance is that the drug is teratogenic.

The experimental design is not adequately described. Is the "blood" sampie
serum, plasma, or RBC's? What is the timing of the specimen (beginning or end
of shift)?

Conclusion: CThis hastily contrived protocol is likely to lead to negative

results even if ribavirin is being absorbed.B

Recommcndations: Require a complete and satisfactory protocol pe submitced{io
incltuding case report form, informed consent, description of L

samples té be assayed and their timing as a conditiun for an approvable letter
for the NDA,

g ~
e 7

/. yays
%@ g
Victoria Schauf, 1.0,
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Medical Officer's Revie\{{@of NOA 18-859
April 4, 1985

Amendmentﬂ%ﬁgi
e

Sponsor: Viratek
3300 Hyland Avenue

Costa Hesa, CA 92626

Name of Orug: Ribayirin (Virazole) Aervsol

This submission consists of a protocol to collect data on the respiratory
status of natients receiving ribavirin aerusol while on a ventilator. The
patients will be those receiving ribavirin on a compassionate basis. Data
will be collected every 2-4 h during traatment.

Data to be recorded include timing of ribavirin adminstration, ventilator
settings, SPAG-2 drying chamber use status, vital signs, blood gases, timing
of patient withdrawal from treatment, adversc reactions, problems wih SPAG
unit.

Recommendations: Prior to receiving an approvable letter:

1. Submit the revised protocol( *‘i>
N o~
2. Clarify on the data sheet that for each set of observations it is
necessary to know how long the patient has been on or off the
aerosol. When the patient is off aerosol, it is necessary to know
whether or not this is a scheduled interruption. I[f not, the reason
for the interruption needs to be given,

3. Include all observations except ventilator settings for
compassionate cases which do not require ventilation,

4, A1l adverse reactions need to be reported on Form 1639 and in the
NDA. The investigator .aust indicate whether or not the reaction is
possibly, probably, or definitely related to ribavirin
administration. MNofify the investigator that it is particularly
important to look for che following: increased or decreased
respiratory effort, retractions, grunting, apnea, pneumothorax,
hypotension, cardiac arrest, death, development of respirator
dependence, edema, weight gain, dilutional hyponatremia. Indicate if
adverse reactions or problems with SPAG-2 unit resulted in stopping
drug ahead of schedule.

5.  For all patients indicate reason for stopping drug course (e.g.
course cumpleted, recovered, adverse reaction).




NDA 18-859 -2 -

6. Indicate timing of ventil.tor use, including ise before and after
ribavirin course.

7. Add a space on the case rep-rt form to record weight and. serum sodium,

8. Add this entire protocol to the compassionace use protocol (revision
of Supp. 40,

9, Submit complete case report forms from at least 30 patients treated
with ribavrin. It would be acceptable to attempt to collect some of
this data retrospectively from ICU records for p]acebo and ribavirin

patients already studied.

Yictoria Schanf,
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Medical Officer aeview@@}of NDA 18-859

April 22, 1985

Amendment 55

Sponsor: Viratek

Name of Drug: Ribavirin (virazole) Aerosol

McIntosh Study:

This submission is intended to respond to my request for criginal
investigator data to support the statement in Gr. McIntosh's study, that
ribavirin decreased RSY antigen in nasal secretions. If confirmed, this data
would suppart the efficacy demonstrated in two small clinical erals by
showing virologic efficacy.

The data in this submission disagree with that in the case report forms
: . 2
included in Amendment@, For example, results on the case rernrt form for

, (Patient . are shown in this submission for Patient  and vice versa.
Similarly, results on the case report form for . (Patient are shouwn in
this submission for Patient

The basis for correcting the 0.D. measurement for protein content of the
nasal secretion is not explained and differs from that in Dr. Mclintcsh's
published method (J Clin Microb 16:324-333, 1982). It is stated that the
corrections are based on the lowest prote1n reading from a pos1t\ve
specimen, However, the correctien is needed before a spec1men is “positive“.
“Positive” is not deflned The lowest read1ng was not aiways used. The range
of protein content is enormous and there is no validation or data to support
use of this correction over this range. N

-~ N
.~ Conclusion: Because of the small size of the clinical tri.’s showing
jefficacy, virolngic confirmation from another study is very impartant. So far
\the data submitted do not provide this confirmaticn. /

4 T
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In addition, validation is required for the method for correcting 0D over
the range of protein coacentrations used. Explain what a “positive" specimen
is and why the lowest protein reading was not used in each case where it was

" not used (e.g. 83-4),

Light, Aoki Study:”

This submission includes material relating to the study subjects reported
in Light, et al. “Tolerance of Ribavirin Aerosol Inhaled by Normal VYolunteers
and Fatients with Asthma ar Chronic Obstructive Airways QOisease" published in
CLINICAL APPLICATIONS OF RIBAVIRIN, Academic Press, 1984, Included are
computer print-outs showing age, sex, height, bateline spirometry results and
lung volumes and serial spirometry shown as % baseline. No case report forms
were submitted, as had been requested. No data on normal subjects was
included. Lung volume measurements during treatment were not inclucad.
Respirograph tracings were submitted. Presumably, these were used to
calculate the results of spirometry. However, the calculations are not
provided and the tracings are not standard ones.

By the investigators' published criteria, significant abnormalities are
reduction of FVC or peak flow by 20% or more and reduction of FEY, or MMLF by
10% or more. By these criteria, ribavirin had an adverse effect on one or
more of these parameters of pulmonary function for every COPD subject and for
four of six asthmatic subjects. &Even the placebo aerasol had an adverse
effect in three COPD and two asthmatic subjects. The sample size is too small
to conclude whether or not adverse reactions were siqnificantly more frequent
with ribavirin than with placebo aerosol. In any event, if the aerosol
treatment without drug has an adverse eftfect on pulmonary function in already
compromised patients, this must be taken into account in the risk/benefit
consideration for such patients.

The computer print-outs disagree importantly from the published report.
For example, two asthmatic subjects were reported to experience dyspnea w~ith
ribavirin and 46% and 25% reduction in Fe¥y g and 39% and 32% reduction in
MMEF. Only one of these four values appeared in the computer print-out. Host
subjects have nn investigator data as a basis for lung volumes shown in
computer print-out. Potential adverse reactions noted on respiroqgraph data
nave not been included in report. For example, "chest sore" 1s noted for ane
subject.

The dyspnea noted in subjects in the published report has not been
reported to FDA; nor has it been noted in the sponsor's submission, which
still proclaims “no adverse reactions.”

I3 (/' . » . . .

Conclusion: ' The investigators have collected important data pertaining to

" the safety of ribavirin aerosol. The sponsor has been negligent in reporting
the data to FOA. .

* FtVy. g = forced expiratory volume in one sec,

MMMEF = maximum mid-expiratory flow
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Recommendations: Prior to an approval letter:

1. Provide from investigator the data from the pulmonary function
laboratury used to calculate the results presented in the published
report and results shown in the computer print-out. Explain the
calculations. Explain any and all discrepancies between ihe two sets
of results. For example, the published report mentions dyspnea in
two asthmatic subjects with 46% and 25% reducten in FEVy g and 39%
and 32% reduction in MMEF, Only one of these four values appears in
the computer print-out.

2. Provide a list of al] pessible adverse reactions for all subjects
(such as subject ~ “chest sore"). Indicate investigator's judgment
that the event was definitely, probably, or possibly related to
ribavirin or placebo aerosol,

Cad
.

Provide missing data on normal subjects.
4, Provide missing lung volume data.
5. Provide case report forms for all subjects.

6. Provide a justification, if one exists, for use of a treatment which
had a significant adverse effect on pulmonary function tests in all
COPD subjects and the majority of asthmatic subjects. If no T
justification is possible, discuss how ribavirin indications should
be rewritten.

In addition, the labelling should contain a warning that ribavirin
aerosol use has been associated with deteriorating lung function and dyspnea
in adults with asthma or COPO.

Hall Pulmonary function* Studx:

This submission was in respunse to a request for investigator's data from
individual subjects. None was available,

The study was a controlled double-blind study in young adults (JAMA
249:2666, 1983). Pulmonary function was evaluated before, during, and after
experimental RSY infection. Subjects vreceived either ribavirin or placebo
aerosol for 12 h/day for 3 days.

FYC dropped from 13-21% during placebo treatment in 3 subjects. MHEFR
dropped from 19-26% after placebo treatment in 3 subjects and 16% after
ribavirin in one subject.

The data summary shows mean MMEFR was 10%-12% less during ribavirin
treatment than during placebo treatment. The two treatment groups had similar
means for FVC and FEV, before, during, and after treatment. Mean FYC, FEV,
and MMEFR within each group did not change from day 1 to day 5 to day 60.

*FVC = Forced vital capacity, FEV = Forced oxpiratory volume in 1 sec,
MMEFR = maximal midexpiratory flow rate.
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Conclusion: Aerosol treatment (ribavirin or placebo) may produce
decreases in pulmonary function in certain individuals. This possible effect
should enter into the risk /benefit consideration reqarding aerosol use (with
or Without ribavirin).

ggpommendation: The labelling should contain a warning that aerosol use
(with or without ribavirin) has adversely -affected pulmorary function in
normal adults, as well as those with asthma or COPD.

ﬁ// @W#c/ 0\7/

Victoria Schauf, M.0.
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Medical Offiéer‘s'Review£%i§§of NDA 18-859
April 25, 1985

£~
Amendment§5é},

Sponsor: Viratek
3300 Hyland Avenue

Costa Mesa, CA 92626

NHame of Drug Ribavirin Aeragsol

This submission is in response to my request for information concerning
side etfects and/or adverse reactions encountered with ribavirin aerosol.
Data are referred to from the following previous submissions:

Hall, young adult volunteers, RSY
Hall I, RSY

Hall II, RSV

Tatar, 1982-3, RSY

Taber, 1984, RSY

McIntosh, RSY, 1983-4, RSY
Parrott, RSY

Edelsor o<V

Knight, 198C
Knight, 1981
Knight, 982
Knight 1982
Knight 1983

Compassionate cases

In addition, data are included from a study of ribavirin versus saline
aerosol for treatment of bronchiolitis in infants carried out in UK by Barry
(King's College Hospital, London) and Cockburn (Royal Hospital for Sick
Chiidren, Glasgow). Case report forms for this study were not submitted.

Adverse Reactions and Side Effects:

Anorexia, vomiting, diarrhea, rash, and conjunctivitis occurred
frequently, but were often present before treatment and were no more frequent
in ribavirin than in control subjects. Cyanosis, apnea, or persistent
wheezing were noted infrequently in botn groups.
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The following events were noted only amang control subjects: Respiratory
deterioration (2), seizure probably due to hypoxia (1), mucous plugs (1),
dvspnea (1), or hyperinflation (1). Only ribavirin recipients (5) experienced
drug precipitation, increased PEEP, or other problems with ventilator
function. Among compassionate use cases, one ribavirin recipient required
prolonged high ventilator settings with emphysema and hyperinflation and one
experienced cariac arrest and Nypoxia.

Deaths were tabulated only for compassionate use cases. There were four
deaths during and eight after ribavirin administration amnong 86 compassionate
cases.

Conclusions:

1. Some placebo recipients experienced deterioration of their RSY
infection, in contrast to ribavirin recipients.

2. Nhen used with a ventilator, ribavirin may precipitate, or be
associated with increased PEEP, prolonged high ventilator settings,
or ventilator malfunction.

3. No adverse reactions were reported other than the difficulties with
ventilator use noted above. However, the information previously
requested in MOR1#5jhas not been provided. Moreover, several adverse

events which I have noted in MOR #5 and MOR #10 have still not been
acknowledged. No forms 1639 have been sumbmitted. The safety update
is incomplete and unsatisfactory,

Recommendations:

1. Before an approvable letter, provide remainder of adverse reaction
data including that listed in MOR(#Sfyitem b an! MOR #10 for all
subjectsyy Form 1639 is to be submitted as well. -

2. Restrict use of ribavirin aerosol to subjects not requiring a
ventilator until data are submitted that show that problems noted
have been satisfactorily addressed. Meanwhile, consider ribavirin

for cumpassionate use for subjects on ventilators. This could be
added to the ccmpassionate use protocol.

Barry and Cockburn: RSY Infection in Children in UK.

This randomized, double-blind study included 14 subjects receiving
ribavirin and 12 receiving placebo. Analysis of RSY positive subjects
indicated sianificantly more rapid improvement and/or novmalization of nasal
flaring, chest retractions, crepitatians, feeding behavior, and/or attitude.
The median duration of RSV shedding was not significantly different in the two
groups. No adverse effects were reported.
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Conclusion:

1. If case report forms are cubmitted and agree with the summarized
data, this study would represent a third well-controlled study to

support the sponsor's claim that ribavirin is effective and safe for
RSV lower respiratory tract infection.

2. The lack of virologic effect in this study may be due to the method
of determining virus. Nasal secretions (wash or swab not specified)
were not titered. The studies where virologic efficacy was
demonstrated used more sensitive techniques (viral titration or

ELISA}.

Reconmendations

brior to an approvable letter, submit case report forms from UK study.
Provide information on how nasal secretions were collected (swab or wash).

o el

Victoria Schauf, W.D.
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